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ABSTRACT 

SAVAGE-RUMBAUGH, E. SUE; MURPHY, JEANNINE; SEVCIK, ROSE A.; BRAKKE, 
KAREN E.; WILLIAMS, SHELLY L.; and RUMBAUGH, DUANE M. Language 
Comprehension in Ape and Child. With Commentary by ELIZABETH 
BATES; and a Reply by E. SUE SAVAGE-RUMBAUGH. Monographs of the 
Society for Research in Child Development, 1993, 58(3-4, Serial No. 233). 

Previous investigations of the linguistic capacities of apes have focused 
on the ape's ability to produce words, and there has been little concern for 

comprehension. By contrast, it is increasingly recognized that comprehen- 
sion precedes production in the language development of normal human 
children, and it may indeed guide production. It has been demonstrated 
that some species can process speech sounds categorically in a manner simi- 
lar to that observed in humans. Consequently, it should be possible for 
such species to comprehend language if they have the cognitive capacity to 
understand word-referent relations and syntactic structure. Popular theo- 
ries of human language acquisition suggest that the ability to process syntac- 
tic information is unique to humans and reflects a novel biological adapta- 
tion not seen in other animals. 

The current report addresses this issue through systematic experimen- 
tal comparisons of the language comprehension skills of a 2-year-old child 
and an 8-year-old bonobo (Pan paniscus) who was raised in a language envi- 
ronment similar to that in which children are raised but specifically modified 
to be appropriate for an ape. Both subjects (child and bonobo) were exposed 
to spoken English and lexigrams from infancy, and neither was trained to 
comprehend speech. A common caretaker participated in the rearing of 
both subjects. All language acquisition was through observational learning. 
Without prior training, subjects were asked to respond to the same 660 
novel sentences. All responses were videotaped and scored for accuracy of 
comprehension of the English language. 

The results indicated that both subjects comprehended novel requests 
and simple syntactic devices. The bonobo decoded the syntactic device of 

V 



word recursion with higher accuracy than the child; however, the child 
tended to do better than the bonobo on the conjunctive, a structure that 

places a greater burden on short-term memory. Both subjects performed 
as well on sentences that required the ability to reverse word order as they 
did on sentences that did not require this capacity. 

These results are discussed in light of a model of the evolution of 
language that suggests that the potential for language comprehension pre- 
ceded the appearance of speech by several million years at minimum. The 
onset of speech is linked to the appearance of fully adapted bipedalism, 
which necessitated reorientation of the laryngeal tract and made closure of 
the soft palate possible. For the first time, such closure permitted mammals 
to easily produce sounds that could be interpreted by the mammalian audi- 

tory system in a categorical manner. When these sounds were paired with 
the previously extant capacity to produce vowels, it became possible to form 
"bounded vowels" or sound units that could readily be discriminated as 
units by the auditory system. It is suggested that this physical adaptation 
allowed the extant cognitive capacity of the hominids to embark on a speech- 
like mode of communication. 

VI 



I. INTRODUCTION: 
OF LANGUAGE, APES, AND MEN 

This Monograph reports one study within an ongoing project designed 
to examine the linguistic and cognitive competencies of nonhuman pri- 
mates, which was begun in 1972 by Duane M. Rumbaugh of Georgia State 

University in cooperation with the Yerkes Regional Primate Research Cen- 
ter of Emory University. The research reported here was conducted at the 

Language Research Center, established in 1980 by Georgia State University. 
Since the inception of the project, five Pan troglodytes (Lana, Sherman, Aus- 
tin, Panpanzee, and Mercury), five Pan paniscus (Matata, Kanzi, Mulika, 
Panbanisha, and Tamuli), and three Homo sapiens (Nathaniel, Alia, and Ka- 
tie) have served, and continue to serve, as subjects in long-term studies of 

language acquisition skills. 
One of the most intriguing results to date from this long-term effort 

has been the observation that, given appropriate rearing conditions, speech 
comprehension spontaneously emerges in apes (Savage-Rumbaugh, 1986; 
Savage-Rumbaugh, McDonald, Sevcik, Hopkins, & Rubert, 1986; Savage- 
Rumbaugh, Romski, Hopkins, & Sevcik, 1989; Savage-Rumbaugh, Sevcik, 
Rumbaugh, & Rubert, 1985). Initially, it appeared that this capacity was 
limited to a single species (Pan paniscus) and to single words. However, 
continued exposure to speech and the addition of multiple subjects reared 
in identical environments have led to two important conclusions. (a) Com- 
prehension of novel complex utterances and some syntactic structures be- 
gins to appear around 5 years of age. (b) For Pan paniscus, Pan troglodytes, 
and Homo sapiens, it is the age of the exposure to speech and the nature of 
the environment that are the critical variables with regard to the emergence 
of speech comprehension (Savage-Rumbaugh, Brakke, & Hutchins, 1992). 

As with children, the early emergence of complex language under- 
standing is a phenomenon that is tightly linked to contextually specific real- 
world knowledge. It is this knowledge that is increasingly employed to help 
make sense of the multiple novel utterances that are directed to the child or, 
in our case, the ape. Consequently, our previous attempts to document the 
emergence and existence of the comprehension of novel utterances and syn- 
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tactic structures have been confined, of necessity, to natural settings in which 
the language directed to the ape has not been experimentally manipulated 
(Savage-Rumbaugh, 1987). These studies attempted to eliminate all obvious 
contextual information, and they strongly suggested that an ability to com- 

prehend novel utterances and complex syntactic devices (e.g., "If you don't 
want the juice, put it back in") was present. However, since the ape's knowl- 

edge of preceding real-world events may have made it possible to deduce, 
at least partially, the speaker's intended meaning, it was difficult to deter- 
mine how much comprehension was dependent on linguistic input alone. 

The current Monograph attempts to push the data envelope further by 
reporting the results of a comparative study of a bonobo (Kanzi) and a child 
(Alia) in an experimental setting that was designed to permit deliberate 

manipulation of the speech input and to afford control of the real-world 
environment while nonetheless preserving much of the flavor of the "natu- 
ral speech interaction" to which the ape and the child were accustomed. At 
the outset of the study, the feasibility of the current technique had not been 
established. Rather, it emerged during the actual testing of the subjects as 

they became increasingly sophisticated "test takers." However, the nature 
of the research question ("Can they comprehend novel utterances?") made 
it imperative to present only unique sentences and to collect data through- 
out this process. Additionally, since the overall competency of the subjects 
was not known prior to the collection of this data set, the sophistication of 
the sentences presented to the subjects increased across time as it became 
apparent that they could process more complex material. 

The research reported here has taken place within an intellectual cli- 
mate that has been at best highly skeptical. In part, this is because previous 
studies of ape language fell prey to heavy criticism that studies of signing 
apes did not effectively counter. However, it is also the case that, while many 
scientists are comfortable with our current understanding of the biological 
relation between human and ape, there still exists a distinct tendency to 
discount the implications of this biological kinship for complex behavior. 
Claims of cognitive contiguity between human and ape still evoke in many 
scientists a quick reaction of disgust, as if humankind in general is not yet 
comfortable with the image of itself as being part ape. Following the position 
laid down by Terrace, Pettito, Sanders, and Bever (1979), those who view 
the gap between human and animal cognition as unbridgeable and unassail- 
able have recently dominated cognitive and linguistic research. 

APE LANGUAGE IN HISTORICAL PERSPECTIVE 

Studies of the linguistic abilities of apes began with the work of Furness 
(1916), who attempted to teach a young orangutan to speak. The orang 
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quickly acquired a number of different sounds, which it appeared to pro- 
duce voluntarily and in appropriate settings. The study was terminated 

unexpectedly, however, owing to the orang's death. Sometime later, Kellogg 
and Kellogg (1933) attempted to follow up this work by obtaining a young 
orangutan for purposes of rearing it with their 9'/2-month-old son, Donald. 

They sought to shed light on the manner in which heredity and environ- 
ment exert their conjoint influence on the development of the young pri- 
mate organism, observing, 

Without doubt, one of the most significant tests which could be 
applied to a problem of this nature would be to put to rigid experimen- 
tal proof the stories of the "wild" children themselves. To accomplish 
this end it would be necessary to place a normal human infant in uncivi- 
lized surroundings and to observe and record its development as it grew 
up in this environment. Such an experiment should throw important 
light upon the precise influence of outside stimulation in the develop- 
ment of the young baby. Yet obviously, in spite of all the scientific zeal 
which could be brought to bear upon an undertaking of this kind, it 
would be both legally dangerous and morally outrageous to carry out. 

Although it would be impossible, therefore, to duplicate the condi- 
tions under which these foundlings are reported to have been discov- 
ered, it would be possible and practical, it occurred to us, to reverse 
these conditions. Instead of placing a child in a typical animal environ- 
ment, why not place an animal in a typical human environment: Why 
not give one of the higher primates exactly the environmental advan- 
tages which a young child enjoys and then study the development of 
the resulting organism? ... 

If such an experiment were to produce valid results, it would admit 
of no halfway measures. To carry it out in any comprehensive manner 
one would have to obtain an infant anthropoid ape, as young as possi- 
ble, and rear it in every respect as a child is reared. (p. 11) 

Unable to obtain an orangutan, they secured a 7'/2-month-old female 
chimpanzee, whom they named Gua, from the Anthropoid Experiment 
Station of Yale University (the forerunner of the Yerkes Primate Center). 
Gua was co-reared with Donald for the following 9 months. According to 
Kellogg and Kellogg (1933), "Neither of the subjects was to be systematically 
drilled in any behavior which is learned incidentally in the normal course of 
the upbringing of a civilized human" (p. 188). Gua quickly mastered naviga- 
tion of the house, learning to open a swing door at 8 months, to release a 
door latch by 10 months, to unhook window screens by 10'2 months, and 
to unlock the front door by 13 months, all well in advance of the human 
child, whose locomotor behavior was still restricted to a walker during this 
time. Both were toilet trained, with Donald acquiring this skill about 15 days 
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sooner than Gua. Gua proved able to discover how to extract her hand from 
a loop and to position a chair so as to obtain a cookie much more rapidly 
than Donald. She learned to eat with a spoon by 131/2 months, whereas 
Donald did not achieve this feat until age 171/2 months. Gua also proved 
more advanced than Donald in learning to use a hoe to rake a desired item 
into reach, although both required some instruction in this task. Tests of 
spatial memory, using a delayed-response paradigm, indicated that Donald 
could negotiate delays of only 9 min at 101/2 months of age, whereas Gua 
could negotiate delays of 30 min at 8 months of age. 

Gua also proved sensitive to human speech, first exhibiting differential 

responses to "no" and to "kiss." By 91/2 months she displayed a total of seven 
distinctive responses to speech stimuli, whereas at 121/2 months Donald 
evinced only two. By 121/2 months Gua evinced comprehension of 21 differ- 
ent requests, while Donald, then 141/2 months of age, was responding to 20 
different requests. Donald's comprehension then began to overtake Gua's. 
Only 1 month later he understood 32 distinctive requests, while Gua re- 
sponded properly to 28. By the end of the study, Donald comprehended 
68 requests and Gua 58. In both cases, the responses were limited to utter- 
ances that they heard frequently, such as "Take Gua's hand" or "Supper's 
ready," and that, for the most part, were action oriented and did not entail 
selection of a single object from a group of objects. Many of them (e.g., 
"Close the drawer") were uttered in a particular context (i.e., after a drawer 
had just been opened); consequently, the interpretation was greatly simpli- 
fied. When specific attempts were made to teach Donald and Gua to select 
an object on command from an arbitrary array of three items, both failed 
to learn the task, even after 100 training trials. 

The next major step in language work with apes was taken by Hayes 
and Hayes (1951), who also obtained a young female ape from Yerkes and 
reared it in their home. However, unlike the Kelloggs, the Hayeses had 
no children of their own and thus devoted their full attention to Viki's 
development from 3 days to 7 years of age, when she died of viral encephali- 
tis. Extensive psychological testing was carried out with Viki throughout her 
life and was carefully documented both in writing (Hayes & Hayes, 1951, 
1952a, 1953b, 1954; Hayes & Nissen, 1971; Hayes, Thompson, & Hayes, 
1953a, 1953b) and through an excellent cinematographic record (Hayes & 
Hayes, 1950, 1952b, 1953a). 

The work with Viki revealed that chimpanzees were capable of far 
more human-like intellectual feats than previously thought possible. She 
demonstrated excellent picture recognition and could even imitate actions 
she saw in photographs. She could sort both photographs and objects into 
different conceptual categories and expertly employed all manner of house- 
hold implements, including a needle and thread. One area of great difficulty 
for Viki was to imitate a series of tabletop tapping motions. Viki could 
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differentiate between one tap and two taps by 31/2 years of age, but she 
never correctly imitated three or four taps, even when tested at 61/2 years 
of age. By comparison, most 3-year-old children could perform this task, 
and by 41/2 years of age all human subjects do so quite easily (Hayes & 
Nissen, 1971). 

Unlike the Kelloggs, Keith and Cathy Hayes made extensive efforts to 
develop vocal speech in their ape subject. After waiting 5 months for Viki 
to show some signs of babbling or any progress at all toward speech, the 
Hayeses decided to begin formal speech training. They began to withhold 
milk, asking Viki to speak. She was able to produce food barks in anticipa- 
tion of receiving the milk, but she could not actually speak on command. 
However, they continued this effort, and at 10 months of age Viki suddenly 
became able to produce a breathy "ahh" sound whenever she was asked to 
speak. Viki also spontaneously used this sound to request all manner of 
things that she desired, but she did not appear to be able to vary the sound 
to any significant degree. Consequently, the Hayeses began to mold her lips 
to form an "m," releasing them as Viki said "ahh," thereby enabling her to 
produce the word "Ma Ma." Viki shortly became able to make this sound 
by pressing her lips together on her own. As with her previous "ahh" sound, 
this new word was used for all manner of things that Viki desired and did 
not appear to function as a name for Cathy Hayes. By a similar process, 
Viki learned to produce "Papa," "cup," and "up," although there was still 
no clear evidence that she employed these words to refer to their English 
referents. 

Like Gua, Viki also appeared to understand a large number of phrases 
in context; however, unlike the Kelloggs, Keith and Cathy Hayes recognized 
the difficulties of measuring comprehension. Cathy Hayes (1951) observed, 

Of all the questions we are asked by new acquaintances, the one we 
dread most to hear is: "How many words does Viki understand?" A 
definite answer is next to impossible for a number of reasons: (1) Fail- 
ure to obey a command is not a test of comprehension in our contrary 
Viki. (2) She understands in a fluctuating way-some days she "knows" 
a word perfectly, other days not at all. (3) Any list of understood words 
can be endlessly lengthened by including variations of the basic form. 
(4) Almost any expression includes a great deal more than the words 
themselves; and these other elements of the language complex- 
situation, gesture, the inflection, pitch, and loudness of the speaker's 
voice-are so bound up with the words as we commonly use them, that 
it is very hard to say for sure just what an animal (or a person) is 
responding to. (p. 224) 

In some cases, Viki responded to utterances if they fit the situation or 
the expected routine, but if they did not, she gave no evidence of compre- 
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hension. Thus, it seemed that the situation cued Viki to listen for certain 
commands, and, within a given situation, once she expected to hear a certain 
set of requests ("Take your diaper off," "Get on the potty," "Flush the 

potty," etc.), it was possible to vary the order of the commands and still 
have Viki respond appropriately. However, if a request occurred that was 

completely out of context (e.g., "Do you want to go to the show?" in the 
midst of the potty routine), Viki gave no evidence of understanding what 
was said. Attempts to teach her to respond reliably to a number of different 
alternatives ("Show me your nose, your eyes, your ears," etc.) met with the 
same defeat that Kellogg and Kellogg (1933) had experienced with Gua. 

The next major effort to inculcate language in an ape was undertaken 

by Gardner and Gardner (1971). Taking their cue from Viki's difficulties 
with vocal sounds, the Gardners decided to teach Washoe ASL (American 
sign language for the deaf). The Gardners obtained Washoe from the wild 
when she was approximately 1 year of age. Washoe, a common chimpanzee 
(Pan troglodytes), was raised by student caretakers in a house trailer located 
in the Gardners' back yard. No one was allowed to use spoken language 
around Washoe, only signs. One or more students were with Washoe during 
her waking hours, and signing was integrated into all daily activities. Washoe 
could hear perfectly well; however, the Gardners reasoned that she might 
well have a great deal more neurological control over her hands than over 
her vocal-laryngeal apparatus and that, if exposed to signs at an early age, 
she might acquire them spontaneously, as do hearing children of deaf par- 
ents. This hunch proved to be spectacularly successful. Although Washoe 

rarely acquired signs simply by observing her caretakers, as do human chil- 
dren, the Gardners could nonetheless teach signs by molding Washoe's 
hands into the proper configuration, as hands are far more manipulable 
than vocal tracts. By 36 months of age Washoe produced 85 different signs 
in the appropriate contextual situations and had begun to combine them as 
well. Rarely, however, did she make subject-verb (SV) or verb-object (VO) 
combinations. Instead, she tended to add words like "hurry," "more," "up," 
"food," "please," and "gimme" to nouns. 

The Gardners' approach was taken up by one of their students with 
four additional apes (Fouts, 1973, 1975) and by others with gorillas (Pat- 
terson, 1978) and orangutans (Miles, 1983). These additional studies sup- 
ported the Gardners' initial conclusions that signs were much more readily 
acquired by apes than spoken language, that molding greatly enhanced the 
rate of sign acquisition, and that apes generalized their signs to exemplars 
not utilized during training. 

Shortly after the Gardners' breakthrough with Washoe, David Premack 
(1971) and Duane Rumbaugh (Rumbaugh, Gill, & von Glasersfeld, 1973) 
reported that nonvocal symbol systems effectively permitted chimpanzees 
to "talk." Premack (1971) utilized magnetized plastic chips placed on a metal 
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board outside the cage of his subject, Sarah. Rumbaugh, von Glasersfeld, 
et al. (1973) used geometric symbols embossed on keys that lighted when 

depressed by their subject, Lana. Unlike Washoe, Lana was taught to string 
symbols together from her earliest training; hence, the majority of her utter- 
ances exhibited a sentence-like quality and were termed "stock sentences" 
by Rumbaugh. However, Lana also began to form sentences that she had 
not been trained to produce. In the early 1970s, it seemed that, regardless 
of the type of symbol system employed, if apes were given some alternative 
to speech, they were able to learn symbols. 

Rumbaugh's approach was utilized by a group of researchers in Japan 
(Asano, Kojima, Matsuzawa, Kubota, & Murofushi, 1982). Working with a 
chimpanzee named Ai, they replicated Rumbaugh's work on color and ob- 
ject classification with a similar lexical keyboard system (Matsuzawa, 1985a). 
They also found that Ai developed spontaneous word-order preferences 
(Matsuzawa, 1989), that she was able to label numbers up to six (Matsuzawa, 
1985b; Matsuzawa, Asano, Kubota, & Murofushi, 1986), and that she could 
construct her symbols from the elements of which they were composed 
(Matsuzawa, 1989). 

However, language work with apes soon became the recipient of a 
strong critique. Premack's subject Sarah's competence with linguistic primi- 
tives could in many instances be reduced to simpler tasks. Although Pre- 
mack attributed concepts such as "name of," "negation," etc. to many of 
Sarah's feats, close analysis of the actual problems faced by Sarah revealed 
that conditional match-to-sample strategies could often account for her per- 
formance (Savage-Rumbaugh & Rumbaugh, 1979; Savage-Rumbaugh, 
Rumbaugh, & Boysen, 1980; Terrace, 1979). 

Additionally, the tasks presented to Sarah were noncommunicative in 
nature; consequently, the skills she exhibited could never be tested in the 
service of communication. Sarah's "language" was embodied as an abstract 
formal system without communicative value. At best, it illustrated that apes 
are capable of solving complex conceptual tasks, but the relation between 
Sarah's performance on such tasks and language as utilized by human 
speakers remained vague. 

Lana's sentences were attacked by Terrace, Straub, Bever, and Seiden- 
berg (1977) and by Thompson and Church (1980), who maintained that 
Lana had acquired, not a syntactic system, but rather sets of chained associa- 
tive responses that could be interchanged at various branching points. Ter- 
race et al. (1977) demonstrated that pigeons could learn a four-element 
associative chain (A -- B -- C -- D) and implied that Lana's communications 
could be interpreted as a more elaborate version of the same associative 
process (Straub, Seidenberg, Bever, & Terrace, 1979; Straub & Terrace, 
1981). Pate and Rumbaugh (1983) responded by presenting sentences con- 
structed by Lana for which associative models could not readily account; 
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nonetheless, it was difficult to grant Lana full communicative competence 
as she also generated sentences that were semantically uninterpretable (Sav- 
age-Rumbaugh et al., 1980). 

The strongest attack, however, was that leveled against the Gardners 

by Terrace et al. (1979). After attempting to replicate the Gardners' work 
with a chimpanzee named Nim, Terrace et al. concluded that Washoe's 

"language-like" utterances could be accounted for by attempts to imitate 
the experimenter's utterances. On reviewing videotapes of Nim's signing 
sessions, Terrace et al. demonstrated that many of his multisign utterances 
were preceded by similar utterances on the part of his teachers. Terrace 
also analyzed segments of a film distributed by the Gardners, in which he 
identified the existence of the same phenomenon in Washoe's behavior. 

Since the Gardners had no record of the signs directed to Washoe by 
experimenters, they were unable to provide data to refute these claims 
satisfactorily. Instead, they focused on replicating their work with additional 

chimpanzee subjects (Gardner, Gardner, & Van Cantfort, 1989). In an ex- 
haustive account of this work, however, they failed to mention either the 
issue of "imitation" or Terrace's critique, and they made no attempt to 
determine whether utterances directed toward the chimpanzees affected 
their ensuing signs. They did show that their new subjects (Moja, Dar, and 
Tatu) passed blind tests similar to those given to Washoe. Such tests clearly 
implied that the chimpanzees could recognize and respond to photographs 
by producing the appropriate sign under conditions that precluded cuing. 
However, Terrace et al. (1979) never challenged the validity of these tests- 
their critique was directed at Washoe's ability to form semantically mean- 
ingful and grammatically correct sentences without imitating her caretakers. 
Unfortunately, the Gardners continued to fail to address this issue 
straightforwardly. 

Fouts, Fouts, and Van Cantfort (1989) have attempted to respond to 
these critiques by studying the signs that Loulis (Washoe's adopted infant) 
has acquired from other signing chimpanzees and by looking at gestures 
within the second group of chimpanzees raised by the Gardners (Fouts & 
Fouts, 1989; Fouts, Fouts, & Schoenfeld, 1984). While this work suggested 
that the apes signed to one another with no human present, it was not 
altogether clear how these gestures differed in function from the many 
nonverbal gestures and "body language" that the chimpanzees employ as 
well. Fout's analysis focused on the issues of addressee, number of signs, 
and number of conversational turns rather than on sign content, leaving 
open the questions of why the chimpanzees gesture to one another and 
what type of communicational gain they achieve through the use of such 
gestures. 

Shortly before the controversies outlined above emerged, the first 
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language study with co-reared apes (Savage-Rumbaugh, 1979; Savage- 
Rumbaugh & Rumbaugh, 1978) began with two young chimpanzees, Sher- 
man and Austin. Unlike all previous ape studies, the subjects in this case 
were males. Moreover, they were maintained in social housing (with two 
additional chimpanzees) throughout the evening and early morning hours 
as well as whenever they were not engaged in linguistic tasks, rather than 
being reared by human caretakers or being left alone. The decision to rear 
Sherman and Austin as members of a social group was taken to ensure the 
development of appropriate social bonds and behaviors characteristic of 
their species and to avoid the difficulties that apes reared solely among 
humans encountered on being reintroduced to members of their own 

species. 
The Sherman and Austin project incorporated the lexical keyboard 

system used with Lana; however, the problems encountered as a result of 
Lana's "stock phrases" were avoided by training single words rather than 
combinations. The problems of imitation were overcome by focusing on 
peer communications rather than experimenter/subject communications 
(Savage-Rumbaugh, Rumbaugh, & Boysen, 1978a, 1978b). Additionally, 
since the experimenter's utterances took place at the lexical keyboard, a 
permanent record was created of the input to the apes along with their 
output. This permitted an ongoing, accurate measure of the level and in- 
fluence of imitation, which proved to be very low and well within the range 
shown by children (Greenfield & Savage-Rumbaugh, 1984). More impor- 
tant, the issues of intentional communication, reference, and semantics were 
treated as primary and those of syntax as secondary. Finally, because of the 
emphasis on peer communication, receptive competence was an important 
part of the research effort from the outset. All previous studies of ape 
language had taken receptive competence more or less for granted, assum- 
ing that it was extant whenever production appeared. Nonetheless, no sys- 
tematic, controlled measures of receptive capacities were taken by the Gard- 
ners or by Terrace and his colleagues. Consequently, assertions that Washoe 
and Nim understood far more than they produced were unsubstantiated 
by data. 

The work with Sherman and Austin quickly revealed that productive 
and receptive competencies were not necessarily synonymous (Savage- 
Rumbaugh, 1984c; Savage-Rumbaugh & Rumbaugh, 1978; Savage-Rum- 
baugh et al., 1978a, 1978b, 1980). In order to demonstrate comprehension, 
it was necessary for the ape, as listener, to engage in a set of actions that 
corresponded properly to each utterance. The reward, which was more 
closely linked to symbol use during production, vanished when the ape had 
to listen to and carry out the requests of others. "Language use" had to 
become more than producing symbols for "tickle" or "time-eat" and having 
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one's wishes granted in response. Comprehension required responding ap- 
propriately when someone else indicated that she wanted to be tickled or 
that he wanted a banana. 

By beginning with single words, emphasizing receptive competence, 
minimizing imitation, and focusing on peer communication among co- 
reared male chimpanzees, the Sherman and Austin project began on a very 
different footing than any of its predecessors had. Consequently, the data 

produced by this effort did not come under as severe an attack as earlier 
studies had. However, neither did this study receive the attention given to 
those others. In part, many researchers erroneously viewed it as a replica- 
tion of the Lana effort. Others (Seidenberg & Pettito, 1979, 1987) failed to 
recognize the value of experimentally demonstrating the range of compe- 
tencies required for single word use and questioned the relevance of such 
demonstrations for language (Sugarman, 1983). Still others (Sebeok & 
Umiker-Sebeok, 1980) worried about possible cuing. Each of these issues 
was systematically addressed (Rumbaugh, 1981; Rumbaugh & Savage- 
Rumbaugh, 1980; Savage-Rumbaugh, 1986, 1987; Savage-Rumbaugh, 
Romski, Sevcik, & Pate, 1983; Savage-Rumbaugh & Rumbaugh, 1982; Sav- 
age-Rumbaugh & Sevcik, 1984). 

The work with Sherman and Austin demonstrated the following: (a) 
apes can comprehend symbols, but production does not lead spontaneously 
to comprehension; (b) in order to function "representationally," the symbols 
learned by apes must become decontextualized and freed for use in novel 
situations; (c) apes can use symbols to communicate with each other if they 
develop skills of joint attention and if their environment places a premium 
on cooperation; (d) apes can make informative statements regarding their 
intended future actions; and (e) referential comprehension and usage are 
prerequisites to the development of syntactic competence (Savage-Rumbaugh, 
1982, 1984a, 1984c, 1986, 1988; Savage-Rumbaugh, Pate, Lawson, Smith, 
& Rosenbaum, 1983). However, by this time, the field of psychology had 
become centered on cognitive models that assumed that any similarities that 
exist between human and ape cognition are of little value unless apes can 
be shown to be capable of syntax (Klix, 1982; Macphail, 1982, 1985). 

Nonetheless, work with Sherman and Austin firmly established chim- 
panzees' ability to use symbols in a representational manner (Savage- 
Rumbaugh, 1981) and their ability to use a symbol system for intraspecies 
communication (Savage-Rumbaugh, 1986). The controls against cuing used 
in these studies were extensive and left little doubt that "Clever Hans" could 
be excised from the data by sound experimental procedures.' This work also 

"1 "Clever Hans" was a horse who supposedly learned to count. However, it was eventu- 
ally discovered that the horse was responding to unintentional nonverbal cues given off 
by his trainer. The horse merely struck the ground with his foot until the trainer signaled 
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indicated that the ape's capacity for representational processes extended far 

beyond symbols. Sherman and Austin recognized themselves on television 
and asked to have the television turned on so they could see themselves, 
engaged in imaginary play with puppets, attempted to "talk" using the same 
breathy sound employed by Viki, sorted photographs, played with their 
shadows, learned to operate a slide projector, and began using a joystick to 
touch a target after only a few demonstrations. 

The next major advance in the field of ape language occurred when a 
new species, the bonobo, was exposed to language. Bonobos had not been 
utilized in previous studies because they are extremely rare both in the wild 
and in captivity. Bonobos are indigenous only to Zaire, where they are 
vanishing rapidly as the forest is depleted for food. They have no regularly 
patrolled national park, and adults are often eaten by local people and 
infants sold as pets. Robert Yerkes (Yerkes & Learned, 1925), the first psy- 
chologist to have investigated the intellectual and communicative capacity 
of this species, concluded that the single bonobo that he studied was consid- 
erably more intelligent and communicative than any chimpanzee. 

Bonobos are more affiliative than common chimpanzees; they also tend 
to engage in upright posture frequently and to use eye contact, iconic ges- 
tures, and vocalization more frequently than other apes during intraspecies 
communication (Savage & Bakeman, 1978; Savage-Rumbaugh, 1984b; Sav- 
age-Rumbaugh & Wilkerson, 1978; Savage, Wilkerson, & Bakeman, 1977). 
Unlike common chimpanzees, bonobo females are sexually receptive 
throughout their cycle and utilize sexual activity to form and maintain social 
bonds. Wild groups tend to contain a nearly equal number of males and 
females, and food sharing and co-feeding, especially with plant foods, are 
very common. Among the nonhuman primates, bonobos manifest an un- 
usually high degree of interindividual tolerance; mothers permit other 
adults, both male and female, to carry and play with infants, and males 
share food with infants frequently (Kano, 1980, 1982; Kuroda, 1980, 1984). 

The first bonobo exposed to language was Matata, a wild-caught adult 
female. In spite of intensive efforts across a 4-year period, Matata failed to 
master any representational use of symbols (Savage-Rumbaugh, Rumbaugh, 
& McDonald, 1985). However, her son, Kanzi, began to acquire symbols by 
observing the efforts to train his mother, even though he was not rewarded 
for doing so and no efforts were made to teach him. Not only did he learn 
the geometric symbols that were so difficult for his mother, but he also 
began to evince an understanding of spoken language. By 5 years of age 

him to stop. The horse's response was simple in that all it required was either to continue 
striking the ground or to stop. Consequently, such cues as relaxing the shoulders when 
the correct count had been reached sufficed to indicate to the horse that it was time to 
stop. 

11 



MONOGRAPHS 

he spontaneously produced combinations that revealed a sensitivity to En- 
glish word order as well as the capacity to invent and assign grammatical 
rules (Greenfield & Savage-Rumbaugh, 1990, 1991). Kanzi's rearing and 
the nature of his language use are described in more detail in Chapters IV 
and V. More than any previous ape, the nature and scope of Kanzi's lan- 
guage acquisition has paralleled that of the human child, suggesting that 
the capacity for language is much more highly evolved in the bonobo than 
field studies have revealed to date. 

In Chapter II of this Monograph we review the issues surrounding the 
manner in which symbols come to function as referential vehicles and pro- 
vide an overview of the literature on language comprehension in children. 
Chapter III addresses the question of how it is that apes come to learn 
symbols without training and relates observations on apes to language acqui- 
sition in normal children. The underrated importance of comprehension is 
heavily emphasized here; we attempt to show how speech is laid down on 
a vast substratum of real-world knowledge by caretakers who both act to 
evoke that knowledge and simultaneously map it through speech input. In 
Chapter IV, we discuss the "innateness debate" and respond to the view 
that man and man alone is biologically equipped for the cognitive task of 
language. The issue of human vocal speech capacity and why it seems to be. 
unique to our species is also addressed. The methodology and the results 
of the current study are presented in Chapters V and VI, respectively. 
In the final chapter, we attempt to place these findings within a broader 
evolutionary perspective, and we also offer partial guidelines for translating 
our current understanding of cognitive and linguistic processes into a phylo- 
genetic and evolutionary framework. 

12 



II. THE CAPACITY TO USE WORDS 
AS REFERENTS 

The capacity to use words to refer to events, objects, locations, relations, 
etc. is so ubiquitous a part of human language that it was treated in a 
peripheral manner in many of the early accounts of language acquisition 
(Bloom, 1973; Brown, 1973; Greenfield & Smith, 1976; McNeil, 1970). 
Nonetheless, philosophers have noted that reference is a fundamental com- 
ponent of language and that any comprehensive theory of language acquisi- 
tion must eventually address this difficult issue (Gauker, 1990; Quine, 
1960). It remains to be explained how it is that a child (or an ape for that 
matter) determines which bits of sounds are words and where one word 
begins and another ends and also how children come to understand that 
words refer to particular objects, events, emotions, etc., even though adults 
fail to set up specific, invariable relations between what they say and what 
is happening in the world. 

Quine (1960) posed the "dilemma" of reference as one of needing to 
determine which of the myriad properties of objects is being denoted by a 
given word; for example, how is the child to know that the word "apple" 
denotes the whole fruit, as opposed to its color, its texture, its taste, etc. 
However, there is more to understanding the process of reference than 
Quine's "dilemma." Even if it is true that children have, or develop, a bias 
to interpret initial terms as referring to whole objects (Golinkoff, 1991), 
there still remains the greater problem that the ways in which a word is 
used at times A, B, C, etc. are not the same. For example, our data reveal 
people saying such diverse things to Kanzi as, "He's having a ball," "No, 
you cannot have a ball now," "Where's your ball?" "Kanzi hid his ball," 
"Kanzi, don't bite the ball," "Yes, I'll slap your ball," "Do you want to play 
ball keep-away?" "Kanzi left his ball at the A-frame," etc. In many of these 
cases no ball is present, so the issue of how the properties of a ball are to 
be paired with the word ball is replaced by that of ascertaining how it is that 
Kanzi knows that it is any property whatsoever of a ball that is being refer- 
enced by such diverse productions. 
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These issues have only recently begun to be addressed systematically 
by child language researchers (Bates, Thal, & Marchman, 1991; Golinkoff, 
1991; Lock, 1980, 1991). While there is a growing consensus that subcompo- 
nents of language use and acquisition such as intentionality, rule learning, 
imitation, fast associative mapping, and sequencing need to be better under- 
stood, there is as yet no generally accepted explanation of the conditions 
that are sufficient and necessary for language acquisition. Other than the 
need for exposure to a language-using model, there is little agreement as 
to what is required for a child to learn that words and sentences refer to a 

complex and shifting panoply of objects, events, places, emotions, etc. 
In some regards, the issue of "reference" has been more clearly ad- 

dressed by studies of apes (Gauker, 1990; Savage-Rumbaugh, 1986, 1990) 
precisely because one may not assume that apes use words in the same 
manner as children. Consequently, it has been necessary to devise means of 
comparing the relative capacities of ape and child in a manner that objecti- 
fies and defines reference in a measurable way (Savage-Rumbaugh & Brakke, 
1990). 

Adopting a strict view of reference, Gauker (1990) has argued that no 
single set of relations can be said to hold between a symbol and an event, 
object, action, etc. Indeed, virtually every sentence constructs a new set of 
relations between words and the world. Gauker insists, therefore, that "refer- 
ence" cannot be viewed as a set of word-referent relations that a child should 
memorize, as if she were learning a dictionary. 

Gauker suggests abandoning the concept of reference, offering in its 
place a neural-net account of language acquisition. The concept of refer- 
ence is less problematic, however, if we view the use of words as an attempt 
to bring about a certain behavior or set of beliefs in the listener. Word-use 
skills are seen as a set of abilities that the child utilizes, based on her past 
experiences with words, to bring about desired future events and/or beliefs 
in others (which presumably will themselves lead to desired actions at some 
point). It is the link between previous perceived utterances of a word such 
as apple and the events surrounding its usage, in all their variability, that 
determines when and how a person will use apple in the future. This per- 
spective assumes that children (and apes) remember, contrast, and compare 
usages they have heard across different instances. From this process of 
comparison arises a "percept" of acceptable uses that defines "expected 
outcomes" for each word or group of words. When novel outcomes are 
desired, they lead to the production of novel utterances by pulling bits and 
pieces of utterances associated with previous similar outcomes together to 
form the new utterance. This "new utterance" is then reformulated ac- 
cording to grammatical rules so that it can be easily processed by listeners, 
who need some rules as they try to process information that flows rapidly 
through a fading auditory channel. 
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As Gauker notes, such a process-oriented perspective of reference has 
been utilized to describe the behavior of apes as they learn symbols (Savage- 
Rumbaugh, 1986, 1991). This perspective has the advantage of externaliz- 
ing the symbol acquisition process so that one can measure what the ape 
knows about the symbols it is using at various points in time, rather than 
simply waiting to see if an ape can produce grammatically correct sentences 
in order to determine if it "has" language, as Terrace et al. (1979) attempted 
to do. In other words, if one focuses on the kinds of things that apes have 
learned to accomplish with symbols and/or combinations of symbols, rather 
than assessing the nature of their internalized "referents," one then has a 
direct basis for measuring linguistic competence. 

Consequently, work with apes has revealed that, when they are taught 
simple "namelike" associations such as "see a banana, make the sign for 
banana," they display extremely limited symbol use. This is because associa- 
tive, "namelike" training does not enable them to encounter the variety of 
effects that symbols can have in normal linguistic exchanges. For example, 
apes trained in this way do not respond appropriately to messages of others 
regarding the state of the bananas, the absence of the bananas, the location 
of the bananas, etc. (Savage-Rumbaugh, 1981; Savage-Rumbaugh, Pate, et 
al., 1983; Savage-Rumbaugh, Romski, et al., 1983). Therefore, the fact that 
apes acquire "namelike" associations implies neither that they can use such 
"names" appropriately in a wide variety of linguistic exchanges nor that 
they understand these names as used by others (Savage-Rumbaugh, 1984a, 
1984c; Savage-Rumbaugh & Brakke, 1990). Even the ability to produce 
associative responses to different exemplars of the same item illustrates only 
the ape's capacity for perceptual generalization (Savage-Rumbaugh et al., 
1980). Perceptual generalization cannot tell us about the linguistic knowl- 
edge associated with symbol usages in typical conversation because it is not 
the ability to "name" different exemplars that is critical to language but 
rather the ability to understand that a word such as ball has a common 
meaning whether one says "It's my ball," "Go hide the ball," or "Where did 
you leave the ball?" 

It is easy to train an ape to say apple in order to get an apple but difficult 
to teach it to use apple to describe a food that it is not allowed to eat, a food 
that it sees someone else eating, a food that it does not like, a food that is 
found in a particular location, etc. Such usages, common in children, are 
seen in apes only when symbols are "decontextualized" from the events 
associated with symbol learning. It then becomes possible for the ape to 
recognize that the symbol apple can be employed to indicate something 
about a particular fruit that has little to do with the "reward value" of 
receiving an apple. 

When many symbols become decontextualized, any new symbols that 
are encountered provoke a search for a "common kernel referent" of sorts. 
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That is, the principle that each symbol is associated with only part of the 
situation in which it occurs is derived by children and can be derived by 
apes. Once language learners develop means of determining the "kernel 
referent," new symbols will be assigned to the "most likely" new referent on 
the first trial. Thus, children will tend to pair new words with new objects 
when the new words are uttered in the presence of a mixture of old and 
new objects. Once children have learned that words are often associated 
with whole objects and that each different object has a different name, it 
becomes self-evident to them that "known words" refer to the recognizable 
objects and unknown words to new objects (Golinkoff, 1991). 

Like children, once Sherman and Austin were sufficiently sophisticated 
in their use of symbols to decontextualize new symbols from the events 
immediately following them, they could also assign novel names to new 
foods on a first-trial basis (Savage-Rumbaugh, 1986). This ability to assign 
a new word to a new object rapidly has been termed "fast mapping" in 
human children. When such fast mapping occurs, it can be concluded that 
the child or ape has recognized that the world can be profitably parceled 
into symbol units for the purposes of communication. 

It may seem surprising that an ape or a child would assign a new name 
to a new object. However, if one looks at what must be naturally occurring 
during comprehension, it becomes clear that children (and apes in certain 
experimental rearing environments) are being constantly bombarded with 
new symbols and must attempt to assign appropriate referents to them in 
some manner. Hence, once children and apes have learned that the world 
is parceled into symbols, it is probable that, on being confronted with new 
objects, events, etc., they will invent new symbols of their own. 

LANGUAGE COMPREHENSION IN CHILDREN 

Single Word Comprehension 

Although the processes of symbol acquisition and decontextualization 
take place in the receptive domain in normal children, the vast majority of 
studies of child language have focused exclusively on production, owing to 
the difficulties of determining exactly what very young children compre- 
hend. Nonetheless, to the extent that they can be carried out appropriately, 
studies of receptive capacities should provide a more accurate picture of a 
child's language skills than studies of production. Production requires a 
complex orchestration of planned motor skills whose limited level of devel- 
opment is likely to make it difficult for the young child to demonstrate her 
full knowledge. As anyone who has learned a second language is aware, 
one's comprehension can readily outpace one's productive capacity. 
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Studies of comprehension have focused on both single words (Benedict, 
1979; Cuvo & Riva, 1980; Goldin-Meadow, Seligman, & Gelman, 1976; 
Golinkoff, Hirsh-Pasek, Cauley, & Gordon, 1987; Huttenlocher, 1974; Sny- 
der, Bates, & Bretherton, 1981) and syntax (Bates et al., 1984; Chapman & 
Kohn, 1978; Chapman & Miller, 1975; de Villiers & de Villiers, 1973; Fra- 
ser, Bellugi, & Brown, 1963; Golinkoff et al., 1987; Hirsh-Pasek & Golin- 
koff, 1991; Lempert, 1978; Lovell & Dixon, 1967; Roberts, 1983; Sachs & 
Truswell, 1978; Shipley, Smith, & Gleitman, 1969; Strohner & Nelson, 
1974). Without exception, studies looking at the acquisition of single words 
in natural environments have found that comprehension precedes and out- 

paces production, frequently by a rather large gap. The precedence of 

comprehension at this stage exists regardless of whether investigators utilize 
maternal interviews alone (Snyder et al., 1981), maternal interviews accom- 

panied by natural observation (Benedict, 1979), or actual tests with an array 
of objects (Goldin-Meadow et al., 1976) as measurement devices. 

Children begin to show evidence of single-word comprehension around 
9 months of age and by 1-1 comprehend 50 words while producing less 
than 10 (Benedict, 1979; Snyder et al., 1981). By 2 years of age, children 
can reportedly handle an array of 70 different objects by selecting the cor- 
rect one on request if properly attentive and motivated (Goldin-Meadow et 
al., 1976). Noun comprehension generally precedes verb comprehension, 
and children with the highest rates of noun comprehension also evince early 
language production. However, children often comprehend words that they 
do not use, especially verbs. This discrepancy seems to result naturally from 
the fact that caretakers typically use verbs to initiate action on the child's 
part (e.g., "Wash your hands" or "Go potty"). The child needs to understand 
such terms but has little reason to use them to initiate action in others. 

Generally, investigators have maintained that, before a word qualifies 
as "comprehended," it must be understood in more than one context; how- 
ever, formal tests that include controls for inadvertent cuing and proper 
randomization have yet to be employed. Golinkoff et al. (1987) recently 
introduced a new method of measuring language comprehension that en- 
tails monitoring a child's glance in response to linguistic input. While they 
have employed controls against inadvertent cuing, Golinkoff et al. have not, 
however, used this technique to map the extent of single-word comprehen- 
sion; rather, they have sought simply to validate the technique before 
applying it to issues of syntactic comprehension. 

While there is agreement that single-word comprehension precedes 
single-word production, there is uncertainty regarding the degree to which 
these two skills overlap. Snyder et al. (1981) found that the correlation 
between productive and receptive vocabularies was only .29. However, Gol- 
din-Meadow et al. (1976) found that "there was no child who was correct 
on any given item on the production test and failed that same item on the 
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comprehension test" (p. 193). This discrepancy can be accounted for by the 
fact that some words are imitated in context but not used in a truly innova- 
tive manner. Children imitate words they do not know; however, words that 
are part of a child's truly functional vocabulary are well comprehended 
before they are employed in the service of communication. 

The finding that comprehension precedes production at the single- 
word level is robust and apparently holds for language-delayed subjects 
(Gibson & Ingram, 1983), as well as apes (Savage-Rumbaugh et al., 1986), 
as long as language is not trained but rather acquired naturally through 
observing others. In fact, under such circumstances, both language-delayed 
subjects and apes evince a much greater discrepancy between comprehen- 
sion and production than normal children, presumably because the motor 
skills involved make production a difficult task for language-delayed sub- 
jects and an almost impossible one for apes. Gibson and Ingram (1983) 
found that, while a language-delayed child at 2 years of age had a receptive 
vocabulary of 183 words, his functional productive vocabulary was only 
eight words. Similarly, a 2-year-old bonobo reared in a naturalistic language 
environment was found to comprehend 70 words while producing only four 
(Savage-Rumbaugh et al., 1986). 

Although production lags behind comprehension in all studies of natu- 
ralistic language acquisition, this does not seem to be true when direct at- 
tempts are made to teach words. Whether the subject population consists 
of normal children (Rice, 1980), language-delayed children (Cuvo & Riva, 
1980), or apes (Savage-Rumbaugh, 1986), attempts to teach words have 
typically led to a very different language acquisition profile. In such cases, 
production appears first, and comprehension may not occur at all. This is 
because it is the productive response that is trained, as such responses are 
more readily elicited and measured than comprehension. Consequently, 
subjects in such tasks learn associatively rather than referentially and do not 
generalize productive responses to either novel contexts or comprehension 
tasks unless they entered the training task with extant comprehension skills 
(Guess & Baer, 1973; Rice, 1980; Romski & Sevcik, 1991; Romski, Sevcik, 
& Pate, 1988; Savage-Rumbaugh, 1986). 

The fact that such subjects can produce a name yet cannot select that 
named item from an array on request has been taken by some as evidence 
for the separateness of the comprehension and the production subsystems. 
However, in order to arrive at word comprehension under normal circum- 
stances, a child (or an ape) must understand what is being said in a number 
of complex settings and determine the common content that permits use of 
the same word. This decoding process necessitates referential understand- 
ing and decontextualization in order to assess the intent of the speaker 
(Savage-Rumbaugh, 1991). Production training does not foster the referen- 
tial decoding processes; instead, it causes the subject to attempt to remember 
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what to say when shown a particular object and consequently results in 
minimal transfer to other situations or communicative processes. 

By contrast, when training emphasizes comprehension, particularly 
comprehension in seminatural settings, production occurs as a spontaneous 
by-product of such training (Oviatt, 1980; Rice, Buhr, & Nemeth, 1990; 
Rice & Woodsmall, 1988; Savage-Rumbaugh, 1991; Whitehurst & Valdez- 
Menchaca, 1988). This phenomenon is quite robust and seems to hold even 
for unconventional methods of word acquisition (Oviatt, 1980; Rice et al., 
1990) as well as for different species (Savage-Rumbaugh, 1991). Interest- 

ingly, Whitehurst and Valdez-Menchaca (1986) found that, while compre- 
hension of new words (selected from another language) emerged spontane- 
ously in seminatural settings, production of these words did not occur unless 
reinforcement was provided, suggesting that some of the apparent discrep- 
ancies between these two subsystems are motivational rather than func- 
tional. The fact that comprehension did not require reinforcement supports 
the view that comprehension is the driving force underlying all language 
acquisition and that the motivation for comprehension lies in the listener's 
desire to predict what the speaker is going to do as a consequence of having 
produced a particular utterance (for a more complete account of this view, 
see Savage-Rumbaugh, 1991). 

Sentence Comprehension 

Comprehension of sentences has proved to be more difficult to measure 
than single-word comprehension; consequently, conclusions have differed 
as a result of the techniques selected. Most studies of sentence comprehen- 
sion have attempted to determine the order in which children master the 
skills of imitation, comprehension, and production as well as the order in 
which they come to comprehend various grammatical constructions (Bever, 
1970; Cocking & McHale, 1981; de Villiers & de Villiers, 1973; Fraser et 
al., 1963; Golinkoff et al., 1987; Hirsh-Pasek & Golinkoff, 1991; Lempert, 
1978; Lovell & Dixon, 1967; Roberts, 1983; Sachs & Truswell, 1978; Shipley 
et al., 1969). Other studies have been more theoretically oriented, focusing 
on the kinds of processing strategies that underlie the comprehension pro- 
cess (Bates et al., 1984; Chapman & Kohn, 1978; Chapman & Miller, 1975; 
Hakuta, 1982; Slobin & Bever, 1982; Strohner & Nelson, 1974). The em- 
phasis on processing strategies, rather than order of skill emergence, reflects 
attempts to respond to claims regarding the existence of language universals 
(Pinker, 1981). 

A number of different techniques have been used to measure sentence 
comprehension, including requiring children to interpret line drawings or 
photographs (Fraser et al., 1963), asking them to act out sentences with 
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puppets (Bever, 1970), and measuring direction of gaze in response to video 
material depicting competing sentence interpretations (Golinkoff et al., 
1987). In a critique of these different methodologies, Cocking and McHale 
(1981) demonstrated that picture-based tasks were more difficult for chil- 
dren than object-based tasks. In addition, the only studies that employed 
any form of control for inadvertent cuing were those by Golinkoff et al. 
(1987) and Hirsh-Pasek and Golinkoff (1991). When children were asked 
to select objects from an array and carry out a sentence, the items in the 
array were often limited to those that were appropriate to the sentence. No 

investigators videotaped the responses of the subjects. Typically, observers 

simply scored each child as correct or incorrect while observing his or her 
response, and frequently only one observer was employed. In some cases 
the mother was asked to present the sentence, while in other cases experi- 
menters were employed to do so. 

Only Shipley et al. (1969) attempted to provide a running description 
of what children actually did in response to sentences. They used audiotape 
to provide a narrative account of the child's actions. Two observers then 
listened to the tape and, on the basis of the description they heard, judged 
whether the child responded accurately. As a result of this unusual attention 
to detail, the report of Shipley et al., unlike those of other investigators, 
notes that children between 18 and 33 months of age do not always respond 
directly to the sentence as presented. Sometimes subjects responded by do- 
ing something that was not related to the sentence before carrying out the 
request. Sometimes they merely looked at or touched an item corresponding 
to a key word in the sentence, sometimes they gave a verbal reply in place 
of responding to the sentence, sometimes they repeated the sentence, and 
sometimes they made a response that was relevant to what was said but not 
completely accurate. And, of course, sometimes they responded appropri- 
ately to the sentence. 

Within the age range studied by Shipley et al. (1969), two different 
developmental levels emerged. The youngest subjects tended to be holo- 
phrastic; that is, when they listened to a whole sentence and responded, 
they treated the sentence as a word. When given a chance to respond to 
single-word commands versus well-formed commands embedded in com- 
plete sentence frames, they were much more likely to respond to the single 
words and ignore the sentences. By contrast, telegraphic speakers (generally 
those producing multiword utterances) tended to respond more often and 
more appropriately when they were presented with well-formed sentences 
than when they heard only single words. 

Most of the work on sentence comprehension has shown that English- 
speaking children between 2 and 3 years of age respond appropriately to 
active sentences and are sensitive to word-order cues (Bates et al., 1984; de 
Villiers & de Villiers, 1973; Golinkoff et al., 1987; Hirsh-Pasek & Golinkoff, 

20 



SAVAGE-RUMBAUGH ET AL. 

1991; Lovell & Dixon, 1967; Roberts, 1983; Sachs & Truswell, 1978; 
Strohner & Nelson, 1974). Comprehension of the passive construction is 
much more difficult and seems to develop piece by piece between 4 and 7 
years of age (Bever, 1970; de Villiers & de Villiers, 1973; Fraser et al., 1963; 
Lempert, 1978; Lovell & Dixon, 1967; Roberts, 1983; Sachs & Truswell, 
1978; Strohner & Nelson, 1974). 

Other grammatical markers have received less attention; however, the 
work of Lovell and Dixon (1967) found that affirmative-negative utterances 
("The girl is cooking"/"The girl is not cooking") were readily comprehended 
by most children at 2-6. By 3-4 years of age most children comprehended 
subject-object distinctions when they were presented in the active voice 
("The train bumps the car"/"The car bumps the train") and the distinction 
between the present progressive and the future ("The girl is drinking"/ 
"The girl will drink"). By 5-6 years most children reliably responded to 
mass noun and count noun distinctions ("some chicken"/"a chicken"), the 
singular-plural distinction as marked by third-person pronouns ("his 
wagon"/"their wagon"), the present progressive versus past tense distinction 
("The paint is spilling"/"The paint spilled"), and the singular-plural distinc- 
tion as marked by the copula ("is"/"are"). The oldest subjects in this study 
were 7 years of age, and even by that age the majority of them did not show 
comprehension of the subject-object distinction in the passive voice ("The 
car is bumped by the train"/"The train is bumped by the car") or compre- 
hension of the indirect-direct object word-order distinction ("The girl shows 
the cat the dog"/"The girl shows the dog the cat"). Without exception, all 
the tested grammatical structures were imitated before they were compre- 
hended, and they were comprehended before they were produced (Fraser 
et al., 1963; Lovell & Dixon, 1967). However, only two pairs of sentences 
were tested for each grammatical construction, and the test materials con- 
sisted of line drawings. Conceivably, tests that are less abstract could reveal 
comprehension of some of these structures at earlier ages. 

Using mean length of utterance (MLU) rather than age as the indepen- 
dent variable, de Villiers & de Villiers (1973) found that children with an 
MLU between I and 1.5 were unable to use word order at all in sentence 
comprehension tasks. Those with an MLU between 1.6 and 3 could compre- 
hend word-order distinctions presented in the active voice but not in the 
passive voice. However, when MLU reached 3, reversible passives were com- 
prehended. Children who have attained an MLU of 1.5 are producing a 
large number of multiword utterances that appear to follow the constraints 
of English word order rather closely; thus, de Villiers and de Villiers con- 
tend that production of word-order constraints precedes comprehension. 
Similarly, testing children with MLUs of 1.8, 2.4, and 2.9, Chapman and 
Miller (1975) concluded that grammatical production precedes compre- 
hension. 
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The conflicting findings regarding the relative timing of comprehen- 
sion and production skills with respect to word order appear to arise from 
differences in the measurement of production. De Villiers and de Villiers 
(1973) did not test productive competence directly but rather compared 
performance on a comprehension task (which was tested) with MLU. Chil- 
dren with an MLU of 1.5 are producing multiword utterances; however, 
such utterances rarely include full SVO (subject-verb-object) constructions. 
Instead, most multiword utterances consist of SV, VO, or SO constructions. 

By contrast, sentence comprehension tests of word order require the child 
to appreciate the full SVO construction, a much more difficult task. Chap- 
man and Miller (1975) did test for both production and comprehension; 
however, they counted incomplete productions (such as SV, VO, or SO 
constructions) as correct responses as long as these constructions followed 

English word order. In their comprehension task, however, complete SVO 
understanding was required. 

The apparent conflict between the majority of studies-which have 
found that comprehension precedes production at the multiword level as 
well as at the single-word level-and those that have concluded the opposite 
seems to be a function of whether production requires full SVO sentences 
or whether partial sentences are acceptable. When partial sentences are 
counted as correct only for production, production appears to precede com- 
prehension. However, when similar requirements are used for both skills, 
comprehension is found to precede production without exception. 

A number of investigators (Bates et al., 1984; Bloom, 1978; Chapman 
& Kohn, 1978; Chapman & Miller, 1975) have noted that appropriate com- 
prehension may be facilitated by semantic strategies (meaning relations) or 
event probabilities rather than word order and that these factors often coin- 
cide in the natural setting, thus providing "multiple cues" to sentence inter- 
pretation. The notion of "language universals" as advanced by the field of 
linguistics has raised the issue of which of the strategies outlined above 
young children use as they learn to comprehend language. Pinker (1981) 
has argued that, "for case inflected languages, children will utter sentences 
in the dominant word order, and will use the dominant word order as a cue 
in comprehending sentences, before they have mastered their language's 
morphology" (p. 78). 

On this view, it is the innate structure, part of the universal linguistic 
heritage of our species, that permits children to interpret language. Such 
linguistic universals "bootstrap" the entrance into the linguistic system, 
thereby permitting the child to gain a toehold that will allow him ultimately 
to decode the syntactic nuances that characterize his particular language. 
Cross-linguistic studies do not tend to support this view (Bates et al., 1984; 
Hakuta, 1982; Slobin & Bever, 1982). Hakuta (1982) found that word order 
and inflectional cues are acquired simultaneously by young Japanese chil- 
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dren, thus ruling out the primacy of word order suggested by Pinker. Slobin 
and Bever (1982) found that Hungarian children acquire the nominative/ 
accusative distinction by 2-6 but do not acquire word-order distinctions until 
4 years. Bates et al. (1984) found that Italian children rely preferentially on 
semantic cues rather than word order, even at 5 years of age. By contrast, 
American children begin to respond to word-order cues by 2 years of age. 
Sinclair and Bronckart (1972) found that French children tend to rely 
heavily on event probabilities, as contrasted with word order, even at 7 years 
of age. Thus, the conclusion offered by Bates et al. (1984)-"that children 
are sensitive from the beginning to the information value of cues in their 

particular language" (p. 351)-seems inescapable. 
Not until the field of linguistics adequately integrates all the strategies 

constantly being employed by speakers and listeners during real dialogues 
will a satisfying account of the development of linguistic competence 
emerge. The current emphasis on model sentences, typified by those that 
occur in text only, cannot account for how children go about the process of 
language acquisition. 
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Ill. LEARNING HOW WORDS WORK: 
ROUTINES OF TALKING COUPLED WITH DOING 

Early ape language studies were predestined to fail because of a com- 
mon fundamental methodological flaw: they concentrated on production to 
the virtual exclusion of comprehension. Although some investigators paid 
lip service to the importance of comprehension, they did not systematically 
test or measure it. Attempts to teach apes to talk when they did not under- 
stand the language in which they were addressed inevitably led to ambigu- 
ous performances and muddled conclusions. 

Comprehension is a far more effective medium through which to "fig- 
ure out how language works" than is language production. Children do not 
learn language by talking; they learn it by listening. Moreover, the talking 
from which they learn is directed toward them, and they are expected to 

attempt to respond to it appropriately. When human children and apes are 
treated in a similar manner, both species respond by learning how to (a) 
decode sounds into word units, (b) map these word units onto real-world 
cause-and-effect relations, (c) reconstruct the rules governing the combina- 
torial usages of different classes of these word units, and (d) use these 
relations and units in a productive manner to change the behavior of others 
so as to suit their own interests (Greenfield & Savage-Rumbaugh, 1990, 
1991; Savage-Rumbaugh, 1988, 1990). How do they manage to do all this? 

A number of different accounts of how children acquire language have 
been offered during the past decade (Bates, Benigni, Bretherton, Camaioni, 
& Volterra, 1979; Bates, Bretherton, & Snyder, 1988; Bruner, 1983; Green- 
field & Smith, 1976; Lock, 1980; Nelson, 1985, 1986; Peters, 1983). All 
these accounts stress the role of learning and, to a greater or lesser extent, 
the role of the caretaker. None directly address the role of motivation be- 
yond assuming that children strive to acquire language because they are 
predisposed to want to be like "grown-ups." Hence, the role of "reward," 
or the value of what children may be able to communicate and how commu- 
nication may change the nature and form of interindividual interactions, 
has yet to be addressed. 
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By contrast, investigators of language acquisition in apes cannot take it 
for granted that the young ape is preprogrammed to want to act like 

"grown-up" human models. Hence, the question of the functional-motiva- 
tional aspects of language must be addressed from the outset. Under certain 
conditions, the answers to this question that are obtained by working with 

apes can have direct relevance to the phenomenon of language acquisition 
in our own species. If it is the case that language is something that we, as 
humans, learn because it is beneficial to us to do so, rather than something 
that is a closely constrained manifestation of genetic programming (like our 

opposable thumbs), then what is learned by studying apes should, in some 
measure, tell us something about language in ourselves. 

ACQUIRING LANGUAGE THROUGH INTERINDIVIDUAL ROUTINES 

The account of language acquisition presented below is based on obser- 
vational data collected on four different apes, all of whom acquired lan- 
guage by observing models who spoke and pointed to lexical symbols while 
rearing the animals in a culturally enriched environment. It is also based 
on observational data collected on two human children who were reared 
half of each day in a similar environment, although not with the apes. 

Symbol acquisition in the four apes and the two children began with 
the learning of routines. These were not experimental protocols but rather 
structured sequences of events that emerged naturally out of everyday life. 
The apes' and the children's daily interactions with caretakers, while not 
experimentally programmed, can be described as a series of "interindividual 
routines" that became ever more complex and interchangeable with matura- 
tion and experience. 

The term interindividual routine is used to mean a more or less regularly 
sequenced set of interindividual interactions that occur in a relatively similar 
manner on different occasions. The sequence of interactions may vary, as 
may the words used in connection with the interactions; however, each 
routine is carried out for a specific purpose. An "interindividual routine" is 
analogous in some respects to the ethological term behavioral pattern. It can 
take place only between two or more parties; that is, interindividual routines 
exist only in the interplay of organized patterns of interaction between 
partners. Similarly, the mating dances or dueting between birds of various 
species occur only when there are two participants. The intertwined pat- 
terns serve to synchronize the behavioral-emotional states of these or- 
ganisms. 

Interindividual routines are always embedded within larger behavioral 
contexts, which some authors have referred to as schema or scripts (Nelson, 
1986; Schank & Abelson, 1977). These larger contexts are encoded linguisti- 
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cally as goals (the restaurant schema, the birthday party schema, etc.) and 
reflect events in which two or more participants engage. Each script has a 
sort of "skeleton" set of events that identifies it. Each script also has nodes 
or branching points that can be utilized by any of the participants to control 
the flow of events within the script into one or more of the many nested 
subroutines that make up the main script. "Routines" are inherent in all 
social behavior in that we are always engaging in a slightly modified version 
of some pattern of behavior that occurred previously. However, mother- 
infant routines are highly repetitive and rhythmic (Stern, Beebe, Jaffe, & 
Bennett, 1977) in that mothers tend to repeat behaviors, including the same 
vocalizations, over and over. Such behavior is maintained by sustained en- 

gagement and increased smiling on the part of the infant. 
Events such as changing diapers, getting ready to go outdoors, taking 

a bath, riding in the car, looking at a book, blowing bubbles, putting items 
in the backpack, visiting with other apes, playing a game of tickle, and 

traveling down various trails in the forest are all interindividual routines, 
each with a large, if not infinite, number of potentially nested subroutines. 
It is important to note that the ape may be a willing or an unwilling partici- 
pant in such routines. 

Recognizing Routines 

The learning of interindividual routines occurs regardless of whether 
the child or the ape actively seeks to carry out the routine or finds it reinforc- 

ing. For example, if she does not know what is happening to her, a young 
child or ape who is walking about, playing, climbing, and exploring her 
world may be startled and irritated when someone waves a white thing 
around, pulls her down, and begins forcibly separating her body from the 
warm and comfortable cloth tucked in her groin. If, however, she recognizes 
that action as the "diaper-changing routine," she will stop protesting and 
allow herself to be placed on the changing mat when she sees the clean 

diaper being held up in the caretaker's hand as a signal of his intent. If the 
caretaker always executes the diaper removal and replacement in the same 
calm manner, the youngster will lie still, knowing what to expect. If, how- 
ever, a new caretaker tries to grab her feet or lift her in a manner she 
has never experienced during previous "diaper-changing routines," she will 
startle and wiggle away because she no longer finds the world predictable 
and is uncertain as to what the future actions of the other party will be 
within this routine. 

The "diaper-changing routine" will be truncated when one or the other 
of the partners is unable to interact in the "expected way." The caretaker 
will likely conclude that the youngster "did not want to have her diapers 
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changed," thereby attributing the failure of the interindividual interaction 
to the "emotional desires" of the child or the ape. However, it is not the 
emotional state of either the infant or the caretaker that causes an interindi- 
vidual routine to fail; rather, it is their inability to join behaviors in a smooth 
manner and to pass each change of interacter-cum-interactant seamlessly 
back and forth. When the regular caretaker returns, the interaction will 
proceed smoothly, according to its past history, because both participants 
know what to expect of each other and when to carry out their roles, just 
as do players in an orchestra. Each sort of interindividual routine is some- 
thing like a delicate dance with many different scores, the selection of which 
is being constantly negotiated while the dance is in progress, rather than in 
advance. Experienced partners know what turns the dance may take, and, 
more important, they have developed subroutines for negotiating what to 
do when one or both partners falter in the routine. 

Caretakers unconsciously utilize frequent and sometimes exaggerated 
postural, gestural, and verbal markers when engaging in interactions with 
very young children or apes. (When these markers occur in the vocal do- 
main, they are referred to as "motherese" because of their exaggerated 
style.) The markers are critical from a communicative standpoint because 
their purpose is to amplify or make obvious the signals of transition between 
various components of a given routine or changes from one routine to 
another. From the ape's or the child's perspective, "preferred caretakers" 
are those whose use of marking signals is finely tuned to the infant's abilities 
to comprehend these transitional indicators. Moreover, the timing and the 
form of transitional markers employed by effective caretakers will differ as 
a function of the child's or the ape's increasing ability to translate them. 

Fostering Understanding of Routines 

For example, the simple game of blowing bubbles has, at minimum, 
the following components: (a) finding the bubbles, (b) opening the bubble 
jar, (c) getting the bubble wand out of the bubble jar, (d) blowing bubbles, 
and (e) watching or attempting to pop the bubbles. Both participants may 
take turns at any of these activities. Additionally, some components are 
often added by the children or the apes themselves, such as drinking the 
bubble liquid or pouring it on the floor. Moreover, since all routines develop 
spontaneously, each interindividual interaction sequence inevitably differs 
somewhat on each new occasion. 

The bubble-blowing routine may be announced with some statement 
such as "Let's play with the bubbles," "Let's find the bubbles," "Would you 
like the bubbles," etc., made while pointing to the "bubbles" lexigram. A 
young child or ape who has never seen bubbles before will display no re- 
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sponse to such verbal markers. Noting this, the caretaker will tend to adopt 
more direct measures to signal her intentions, for example, pointing to the 
bubble jar or holding the jar in front of the ape. Once the child or ape has 
attended to the bubble bottle, he may spontaneously attempt to reach for 
or to open it, as he is naturally curious. However, at a young age, he will 
probably not hold the bubble jar carefully or show any anticipation that the 

liquid inside may spill. On opening the jar, he may taste the substance, but 
he will do little more on his own. However, the caretaker will demonstrate 
the bubble wand with statements such as "Oh look, what is this in the bottle?" 
uttered just as she notes that the child or the ape is looking at the bubble 
wand and perhaps trying to take it out. The caretaker may then say "Let's 
have a look at it" just before taking the wand out of the bottle and "Watch 
what it does"just before blowing bubbles. If the child or ape pops the bubbles, 
the caretaker will comment on this action. The caretaker may also comment 
on his intention of popping bubbles just prior to doing so. 

In general, the caretakers best able to foster the development of com- 
municative skills are those who vocally and gesturally mark their own actions 
prior to engaging in them in a way that the child or ape can understand. 
They then wait for the latter to show signs of willingness to cooperate. When 
this is done carefully, the child or ape is prepared for what will happen next 
and learns to recognize the caretaker's signal at thejoints of the interchange. 

Lock (1991) has described a similar phenomenon while observing dif- 
ferences in the methods that caretakers employ when picking up babies. 
Some caretakers announce their intent to pick up the child vocally and 
gesturally (by holding their hands out toward the infant) and then wait for 
the infant to make some appropriate response, such as waving his arms 
toward them, stiffening his body and looking toward them, etc. Other moth- 
ers simply announce the behavior and then get on with picking up the baby, 
rather than waiting for the latter to engage in a behavior that could be 
viewed as a signal that he is ready to be picked up. 

In either case, the initial "ready" signals of the infant are accidental 
because the baby neither understands what the caretaker is about to do nor 
knows how to signal the caretaker that he is ready to be picked up. However, 
babies whose caretakers wait for the emergence of a contingent signal are 
the ones who quickly learn to use that signal to indicate to the mother that 
they anticipate her intent. Similarly, when such babies do not want to be 
picked up, they can withhold the "I'm ready" signal. Either way, the babies 
have a degree of control over what happens to them by virtue of the care- 
taker having sought to make her picking-up action integrated with, and 
contingent on, the behavior of the baby. Babies who have not experienced 
such contingent "picking-up" behavior do not develop a signal between 
themselves and the caretaker that indicates their readiness to be picked up. 

While "picking up" is one small routine, it is possible that caretakers 
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who do not signal and wait for the baby to produce a response in this 
context are less inclined to do so in other contexts as well. A child who has 

experienced less contingent interactions might be more prone to view the 
social world as something to which she constantly needs to adjust, rather 
than as something over which she has a significant degree of control. As 
Ainsworth (1973, 1979) and Lamb (1981a, 1981b) have noted, the security 
of a child's attachment is related to the caretaker's sensitivity and respon- 
siveness to the child's signals. The less sensitive the caretakers, the less the 
child is able to relate to and control her world through a competent interme- 
diary. 

While effective caretakers tend to mark their own actions prior to en- 

gaging in them, they often mark the ape or child's actions vocally as the 
action is happening or as it becomes visually evident that it is going to 

happen. Furthermore, they set the behavioral occasion for the action by 
arranging events so that it will be virtually inevitable that the child or the 
ape will carry out a particular action; then they mark that action vocally just 
before it occurs. 

In addition, effective caretakers closely monitor the child or ape to 
determine whether the verbal marker has been understood; if not, they 
drop back to a gestural marker, and, if that fails, they actually perform the 
action to which they are referring, but in an elaborated manner that signals 
communication about the action as it is taking place. The way in which these 
verbal and gestural markers are timed and interdigitated with interindivid- 
ual interactions sets the stage for the development of the autonomy of the 
marker from the event that it is marking. 

As children or apes begin to learn all about what is done while playing 
with bubbles, they also learn to respond to the vocal markers that accom- 
pany such play. Instead of simply grasping and tasting, they begin to look 
for the bubble wand and orient it in front of their mouths. Later, they try 
to pucker their lips and finally learn to expel air. If the air is aimed properly, 
they may even blow some bubbles. Not only is the act of blowing bubbles 
itself acquired, but knowledge of the gestural, vocal, and lexical markers 
also begins to appear. On hearing the word bubbles, children or apes can be 
observed directing a glance toward the jar of bubbles even before it has 
been singled out or displayed by the caretaker. 

Thus, as routines are learned, behavioral changes occur in the child or 
ape that suggest that she has learned the main components of the routine. 
More important, once a routine and its markers are understood, the child 
or ape can begin to use the latter to initiate the routine and thus play a part 
in determining the course of events. At first, such initiations will be limited 
and "primitive" in the sense that they are usually action based and context 
dependent. For example, the child or ape may see the bottle of bubbles 
among other toys, pick it up, and look at the caretaker. By selecting the 
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bubbles from other things, she conveys a desire to execute the "bubble- 
blowing" routine. Later, she may simply point to the bubbles and look at 
the caretaker. Still later, she will say "bubbles" or point to the "bubbles" 
lexigram and turn to the caretaker. 

In so doing, children or apes begin the move from the role of a re- 
sponder during routines to that of a primitive initiator and then to that of 
a symbolic communicator capable of announcing their intentions to another 
party. The process occurs very naturally, without the caretaker intentionally 
or knowingly structuring the transition from passive receptive comprehen- 
sion to active productive knowledge and use. This appears to happen more 
rapidly with routines that are most clearly structured and effectively 
marked. It is important that the marker precede the routine or the changes 
in the components of the routine. Verbal, gestural, or action markers that 
merely overlay a routine (such as repeatedly commenting "bubbles" while 
pointing to a jar of bubbles) are not acquired as effectively as markers that 
signal changes between routines or changes within a given routine. 

An Illustrative Example 

Examples of some of these strategies can be seen by noting the events 
that occur as a mother (JM [Jeannine Murphy]) is making lemonade with 
two children, one 11/2 years and the other 31/2 years of age. (This incident 
was videotaped in our lab as part of regular weekly taping sessions.) The 
mother first divides the task into roles appropriate to the competencies of 
each child. In addition, the younger child is placed in one side of the sink, 
which prevents her from wandering about and helps direct attention to the 
task. The task is broken down into the following components: opening the 
lemonade can, obtaining a pitcher, pouring the contents of the can into 
the pitcher, and adding water. The younger child continually tries to insert 
components of a washing routine by washing her hands or washing other 
items in the sink, as these are both routines that she associates with being 
at the sink. The older child stays with the lemonade-making routine and 
does not interpose such "off-task" intrusions. 

The mother starts the procedure with the older child by announcing, 
"Nathaniel's gonna open it, and you're gonna pour it in." She then instructs 
the older child to "Pull it out" while he is pulling the strip of plastic that 
opens the can. When it is not done correctly, the mother emphasizes "out" 
vocally but does nothing more than make her vocal instructions more ex- 
plicit; the assumption that the older child can understand verbal instructions 
is clear. 

The caretaker then turns to the younger child and says, "We need this 
thing Alia," just before taking the pitcher from Alia and putting it in the sink, 
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where it can be filled with water. (The mother unconsciously is verbally 
describing her own imminent action while simultaneously using a gesture 
to draw Alia's attention to the object that is to be moved. She waits to 
relocate the object until the child's attention is focused on it.) Next, the 
mother comments, "You get to pour it in here," while gesturing again to 
the pitcher and just prior to handing Alia the can of lemonade. She then 
immediately guides Alia to pour the lemonade properly into the pitcher, 
thus helping Alia manifest the action that has just been encoded on both 
the verbal and the gestural levels. (Here the mother unconsciously is de- 
scribing the child's imminent action and is structuring the situation so that 
the action that she has verbally marked becomes highly probable.) 

After focusing Alia's attention first on the water by turning it on, then 
on the empty lemonade can by holding it in front of her, the mother com- 
ments, "OK, put the water in the cup." (Here the mother seems to realize 
that both the water and the empty can will orient Alia's attention and that 
she will then pour the water into the pitcher. Again the mother uncon- 
sciously has behaviorally set the stage for the child's action and then verbally 
encoded that action, just prior to the time the child is highly likely to emit 
that action.) The mother then steadies the cup for Alia and helps her carry 
out the action that she has just encoded both verbally and gesturally. 

Alia then tries to initiate a change in the routine with the sponge by 
saying, "Le ash" (a version, presumably, of "Let's wash"), and picking up 
the sponge. (Alia has thus attempted to use a vocal marker to make the 
routine take a direction of her choosing.) The mother says, "No," and uses 
the lemonade can to push Alia's sponge away and back toward the sink's 
edge. (In so doing, the mother unconsciously interposes the central object 
of her routine, the lemonade can, into Alia's field of vision and uses it to 
move the object of Alia's proposed routine, the sponge, out of her field of 
vision.) Alia ignores this and insists on putting the sponge under the water. 
The mother removes the sponge from Alia's hand and then says, "Do you 
want to wash, or do you want to do the lemonade?" while ostensibly offering 
both the can of lemonade and the sponge as choices for Alia. However, the 
mother unconsciously crosses her hands just before she utters this sentence 
so that the lemonade can is directly in Alia's field of vision and the sponge 
is again slightly removed from it. (The verbal "choice" that Alia is given is 
thus summarily preempted by the physical choice that she is simultaneously 
offered. The manner in which the two objects are presented is such that 
Alia's choice is likely to be the one that continues the routine of lemonade 
making.) Alia takes the lemonade can and in so doing gets "back on task" 
while ostensibly having made her own choice. 

The role of the mother in the process of transmitting interindividual 
routines is similar to that described by Bruner (1973, 1983), Lock (1980), 
and Nelson (1985). However, it is important to note the ways in which the 
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model being presented here differs from accounts in which the role of 
the mother as a creative force in the "scaffolding" and "ratcheting" of the 
communicative process is stressed. Here it is emphasized that the process is 
driven, not by the mother's desire to increase the child's competencies, but 
by the joint need of the mother and the child to coordinate interindividual 
interactions within routines. To the degree that the mother unconsciously 
is scaffolding or ratcheting the process, it is not out of a conscious desire to 
teach the child. Rather, these behaviors emerge because they are necessary 
to make the interindividual interactions with the child or ape "successful" in 
the sense that they are coordinated and that both participants act smoothly 
together. It is the verbal and nonverbal segmental markers that allow this 
coordination to take place. 

Because these segmental markers permit the recipient to predict what 
is going to happen next, they become valuable skills to acquire. In this 
model, the "driving force" behind language acquisition is not the caretaker; 
rather, it is the desire of the child or ape accurately to predict what is 
going to happen to him or her next that motivates the attention toward the 
acquisition of vocal and gestural transition markers. 

REFERENCE REVISITED 

Given that the ape (or child) is attending to the routine, how does it 
learn that the caretaker is using the word bubbles to refer to the jar and/or 
the bubbles themselves rather than to the act of puffing air, the taste of 
the soapy liquid, the opening of the bottle, the many other indeterminate 
referents in the situation, or even to the whole routine itself? Indeed, how 
does the child or ape come to acquire the idea that a word such as bubbles 
should refer to anything at all rather than just occurring as a piece of the 
routine? 

Part of the answer to this question is hidden in what happens as seg- 
ments of the routine are negotiated and marked. For example, after the 
bubble bottle has been grasped, the caretaker may say, "You open the bub- 
bles." If this is not understood, she may place the bottle in the ape's hand 
and show how to start opening it, repeating the marker "You open the 
bubbles" and thus engaging him in the subroutine of opening, within the 
larger routine of blowing bubbles. The marker will continue to be repeated 
in various forms, along with increasingly explicit action guides and aid, until 
the next event in the routine is performed. By linking the word bubbles to 
the activity of selecting the bottle from other objects and to the activity of 
acting on the bottle to open it, the word bubbles comes to be associated with 
the one element common to these different action forms. 

Thus, the relation of any given routine to other routines aids the devel- 
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opment of reference. There are, for example, routines with bubbles that 
do not involve blowing, such as "putting the bubbles in the backpack" for 
the purpose of later play. During this routine, the word bubbles and the 

lexigram for bubbles may be repeatedly employed while the caretaker is 

looking for the bubbles and announcing to the ape that such is the goal of 
their actions. Once the bottle is found, it will be placed in the backpack and 
not mentioned again for some time. Thus, the word bubbles functions in two 

ways: to initiate a search for the bubble bottle and to initiate a game with 
it. It may also be used in other routines such as "hide the bubbles" or "put 
the bubbles in the bath water." In all these instances, the single commonality 
is the word bubbles and the bottle of bubbles. Thus, knowledge of specific 
referents comes, not from a single routine, but from a group of intermeshed 
routines that have overlapping markers. It also comes from the application 
of the marker to actions that the caretaker intends of the ape, such as 

"helping find the bubbles." While the ape may not know initially that it is 

expected to search for the bubbles, it will begin to recognize that actions 
other than finding the bubbles do not suffice when it is asked to "find the 
bubbles." 
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IV. THE INNATENESS DEBATE 

POOR RELATIVES OR RICH RELATIONS? 

Apes are our closest living relatives (Sarich, 1983). On the basis of 
biochemical data, it has recently been suggested that Homo and the African 

apes should share the genus nomenclature Pan (Sibley & Ahlquist, 1984, 
1987). For the three species of African apes-gorilla (Gorilla gorilla), chim- 

panzee (Pan troglodytes), and bonobo (Pan paniscus)-currently available data 
indicate that both species of Pan share more DNA sequences with Homo 
than they do with Gorilla (Andrews & Martin, 1987; Bishop & Friday, 1986; 
Sibley & Ahlquist, 1984, 1987). The estimated date of divergence between 
Homo and Pan is now placed at 4-6 million years ago (Sibley & Ahlquist, 
1987). Oldowan stone tools appear in the archaeological record a bit la- 
ter, at 2-3 million years, or roughly coincident with the point at which 
the bonobo and the chimpanzee diverged from one another (Harris, 1983; 
Sarich, 1984). 

The close biological connection between Homo and Pan has raised a 
variety of evolutionary questions that center around the rapid evolution in 
brain size that began at the point of Homo-Pan divergence. The human 
brain is approximately three times larger than the ape brain but resembles 
it in major anatomical detail (Le Gros Clark, 1978). Endocast studies and 
measurements of modern brains indicate that the left temporal gyral area 
(which controls fluent speech in humans) experienced significant enlarge- 
ment relative to the right temporal area about 2-3 million years ago (Falk, 
1983). 

The evolutionary implications of these observations suggest that per- 
haps some anatomical change occurred around 2-3 million years ago that 
made the appearance of proto-language possible. However, data from mod- 
ern humans illustrate that language can be located in either hemisphere 
(Calvin & Ojemann, 1980) and may also be present in hydrocephalics, whose 
brains are much reduced in size and grossly abnormal in structure. Further 
complicating the picture is the clear evidence from direct electrical stimula- 
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tion of the brains of epileptic patients (obtained prior to surgery) that lan- 

guage can be localized in dramatically different areas in different individu- 
als (Calvin & Ojemann, 1980). 

LANGUAGE: THE ACQUIRED VERSUS INNATE DEBATE 

Differential localization of linguistic function suggests that language 
may be an acquired skill, developed and organized individually by each 

person through interactions with others. Studies of language development 
in infants reveal different styles of language acquisition, particularly when 
one looks at individual cases rather than merging group data to create 
"norms" that fail to portray any given infant in the sample (Bates et al., 
1991; Lock, 1991). Children have been characterized as adopting one of 
two basic approaches to language acquisition. Some appear to be "expressive 
learners," who concentrate on whole phrases and emotive topics, while oth- 
ers are "concept learners," who focus on single words and content-loaded 
topics. However, even a single child will display different styles when learn- 
ing different languages, indicating that such styles may reflect more about 
the child's exposure than about any innate predispositions (Bates et al., 
1991). 

The strongest argument for viewing language as an "innate" skill, 
unique to humans, has been set forth by Chomsky (1988). This view asserts 
that the formal aspects of syntactic constructions must be prewired because 
currently described learning mechanisms do not successfully account for 
the appearance of formal syntactic operators that characterize all languages 
(recursion, combination, etc.). Parents do not frequently correct children's 
syntactic errors, thus raising the question of how a child comes to learn that 
what he has said is wrong (Brown & Hanlon, 1970; Hirsh-Pasek, Treiman, 
& Schneiderman, 1984). This observation has been referred to as the argu- 
ment from "negative evidence," and it relies on an analysis of the types of 
errors that young children do and do not make while acquiring language 
and on the assertion that relatively little correction is given to children 
during the process (Gleason, 1989). Phrasal movement or relative clauses, 
for example, seem to cause few difficulties as such errors are almost nonexis- 
tent among young language learners. Since parents are not observed to 
train such skills, Chomsky (1988) concluded that, at minimum, there must 
exist a prewired "parsing device" that switches on during development. 
While the basic components of this parsing device are not yet fully specified, 
the field of linguistics is devoted to pursuing this task. 

The "innate account" of language thus rests on a default premise-that, 
since no alternative theory currently explains the observed phenomena, the 
innate account is accepted by default. Some have termed this postulate the 
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"smoking gun" of learnability theory (Gleason, 1989; Pinker, 1984), for if 
it falls, the rest of the theory loses credibility. There is increasing evidence 
to suggest that parents do in fact reformulate or query children after un- 
grammatical utterances (Demetras, Post, & Snow, 1986; Hirsh-Pasek et al., 
1984; Penner, 1987). However, the effectiveness of such feedback is widely 
debated (Pinker, 1987a, 1987b) on the grounds that it still provides no input 
regarding the internal linguistic structure that the child is thought to need 
in order to produce syntactically correct sentences. 

Could there be a plausible alternative account of how a child can avoid 
such linguistic mistakes? If children learned to understand much of what 
others are saying before they attempted to speak, it is possible that some 

performance errors would never occur, as many of these mistakes would 
have already occurred and been corrected while children were attempting 
to comprehend what was said to them. Children do not need to produce 
ungrammatical sentences, and have their errors corrected, in order to com- 

prehend language. Moreover, children must begin the route into language 
by attempting to understand what it is that others are saying. To do so, they 
must somehow start to decode both words and sentences (Peters, 1983). 

Chomsky (1988) noted that children rarely, if ever, make relative clause 
errors that entail splitting a sentence in an uninterpretable manner. For 
example, a child might say, "Let's eat the cake what I baked," confusing the 
syntactic marker what with that. However, errors such as "Let's cake the eat 
what I baked" do not seem to occur. The fact that one type of error occurs 
often and the other essentially not at all is surprising only if one assumes 
that the child must construct sentences in order to learn how to use them. 

If we look at typical circumstances in which a child is expected to com- 
prehend complex syntactic structures, such as relative clauses, we find that, 
in most "natural cases," the situation itself leads children to avoid interpre- 
tive errors. A mother may, for example, present a child with two cakes after 
the child has watched her bake one of them, say, "Let's eat the cake that I 
baked," and then extend that cake toward the child. It is reasonable to 
assume that the child's knowledge of the immediate "baking history" of the 
cake will permit her to draw inferences about what the mother is saying. 
Furthermore, children are also likely to select the object that is extended to 
them. If, even with all these cues, the child should still attempt to take the 
wrong cake, her choice is most likely to be corrected by the parent, who will 
show her which cake to eat. 

Thus, the contextual situation can easily be seen as biasing the child 
toward the correct interpretation of complex syntactic structures such as 
relative clauses. Moreover, "behavioral correction" (such as reoffering the 
correct cake) is likely to be employed if the child finds the contextual infor- 
mation insufficient to decode the sentence. Such "behavioral correction" of 
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miscomprehension has not, in the past, been viewed as a means of language 
instruction. However, caretakers must constantly engage in some means of 
"behavioral explanation" of their linguistic intent when children do not 
understand what is said to them. Consequently, when correct comprehen- 
sion of relative clauses precedes their production, it is not surprising that 
children do not make such errors as "Let's cake the eat what I baked." 

The kinds of errors that do occur in children's speech (such as "I goed 
downstairs" or "Nobody don't likes me") do not reflect a failure of language 
comprehension in the sense that such a sentence as "Let's cake the eat what 
I baked" does. The "typical childish errors" are easily interpretable by adults 
and indeed sound "cute" precisely because they are readily interpretable. 
Such errors reflect overgeneralization of marking rules rather than errors 
in the general structural organization of the sentence. The fact that severe 
structural errors rarely occur can be taken as evidence that the child has 
worked out the general structural principles during attempts to compre- 
hend sentences before trying to utter them. 

It has also been shown that intonation and timing cues help mark 
phrasal contours and that children can, in some cases, separate phrases 
before they are able to differentiate single words (Morgan, 1986; Peters, 
1983). Thus, comprehension of syntactic structure seems to precede the 
onset of single-word speech and guide the development of such speech 
(Golinkoff et al., 1987). Children do not appear to be building up a complex 
grammar out of single-word units and an innate parsing device. Rather, 
they seem to be pulling apart the syntactic structure inherent in the speech 
around them, through the help of speakers who mark these syntactic units 
by their intonation and use of phrasing. 

While it is increasingly recognized that language comprehension pre- 
cedes language production, the implications of this fact for language acqui- 
sition are often overlooked (Snyder et al., 1981). If the intricacies of syntac- 
tic structure are deduced by listening to others, we should expect to find 
little need for parents to correct their child's speech. Instead, what parents 
would need to correct would be children's misunderstandings of what they 
heard. An adequate theory of how language is acquired, then, is likely to 
depend more on an analysis of errors of comprehension than on an analysis 
of errors of production. The cognitive burden of interpreting novel sen- 
tences constructed by other speakers is already equivalent in many ways to 
that of constructing sentences oneself. It may be even greater in some cases 
since the listener has no "insider's knowledge" of what the speaker is at- 
tempting to say. 

The "innateness hypothesis" fails to take into account the many oppor- 
tunities that children have for both making errors and receiving corrections 
in the realm of language comprehension. Until these are better understood, 
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the conclusion that children do not receive the feedback needed to enable 
them to construct syntactic structures without a "language acquisition de- 
vice" remains speculative. 

THE SPEECH-PROCESSING CAPACITIES OF OTHER SPECIES 

Data from nonhuman primate species are critical to the debate sur- 

rounding the "innateness" issue. If closely related species can learn language 
or are in fact using a language-like system already, then the "innate hypoth- 
esis" must be either expanded to include species other than humans or 
abandoned in favor of explanations that rely more heavily on the learned 

components of language skills. 
In the 1970s and early 1980s, it was widely assumed that animals other 

than humans were unable to process speech at the phonemic level. This 
view was based on the theory (Fodor, 1983; Lieberman, 1975) that the 
neural components of the productive and receptive systems co-evolve in all 
animals and that, consequently, human infants are born with specialized 
mechanisms dedicated to processing speech sounds and formal syntactic 
structures. According to this theory, it is not possible for other animals to 
hear the speech signal in the same manner as humans because they do not 

possess a "speech module" designed to decode the complex and intricate 
sounds that typify human speech. Similarly, it is thought to be impossible 
for humans to decode the vocal signals of other animals, such as dolphins, 
because our auditory receptors are not designed to process their sounds. 
This perspective defines animal species as irrevocably separated from one 
another by a genetic inability to process communication signals belong- 
ing to other species. The popularity of this position stems, in part, from 
its intuitively appealing postulate of supposed biological structures (the 
"speech module" and the "language acquisition device") that set man clearly 
apart from all other creatures, a position supported by the Judaeo-Christian 
cultural context in which this perspective evolved and holds sway. 

Recent evidence has tended not to support this view. It has been found, 
for example, that both chinchillas and monkeys can be taught to make 
/da/-/ta/ discriminations. Having learned these distinctions, they then 
evince categorically bounded perceptions similar to those found with hu- 
mans (Kuhl & Miller, 1975; Waters & Wilson, 1976). Categorically bounded 
perceptions are those in which the percept that an auditory stimulus has 
changed from exemplar A (e.g., /ta/) to exemplar B (e.g., /da/) is based 
on "psychophysical characteristics" of stimulus processing rather than on 
definable physical attributes. Like Waters and Wilson, who used macaques, 
Kuhl and Miller (1978) extended these findings to bilabial pairs (/ba/-/pa/) 
and velar contrasts (/ga/-/ka/) using chinchillas. Taken together, these 
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studies indicate that the natural phonetic boundaries of at least chinchillas 
and macaque monkeys are similar to human phonetic boundaries. 

A second area of investigation has addressed the question of whether 
animals are able to perceive similarities among phonemes produced by dif- 
ferent speakers. Examples of the phoneme /ba/ can sound quite different 
when produced by speakers of different ages, sexes, and cultural back- 

grounds; nonetheless, most speakers have little difficulty identifying them 
as the same sound. Monkeys who were asked to judge different phonemic 
pairs as the same or different did poorly when pairs were taken from the 
same phonemic category (i.e., different sounding examples of /ba/) but 
performed well when pairs were taken from different phonemic categories 
(i.e., /ba/ vs. /pa/), just as do human subjects (Kuhl, 1987; Kuhl & Padden, 
1982, 1983). As Kuhl (1987) has argued, these results suggest that, "in the 
evolution of language, the choice of the particular phonetic units used in 
communication was strongly influenced by the extent to which the units 
were ideally suited to the (extant) auditory system" (p. 336). 

SPECIES SPECIFICITY OF THE LANGUAGE ACQUISITION DEVICE 

A third area of study has attempted to extend the investigation of 
animals' ability to discriminate speech sounds to discrimination of words 
and sentences in bonobos (Savage-Rumbaugh, Sevcik, Brakke, Rumbaugh, 
& Greenfield, 1990). However, this work differs methodologically from that 
of Kuhl and others cited above in that these animals are not taught specific 
auditory discrimination tasks but instead acquire word and sentence com- 
prehension naturally, much as children do, by virtue of being reared in a 
language-rich environment. 

Conclusions regarding the linguistic capacities of apes were initially 
compromised by the fact that the ape vocal tract is shaped differently from 
that of man. Instead of bending sharply, the ape vocal tract curves gently 
downward. Consequently, apes cannot position their supralaryngeal tracts 
properly to produce all the phonemic sounds characteristic of human 
speech (Lieberman, 1968). Apes could perhaps construct a language using 
sounds that they can produce, but if this has occurred, it has gone unrecog- 
nized. Researchers have yet to determine the analogue of phonemic compo- 
nents (if any exists) in the vocal repertoires of any nonhuman primates 
(Snowdon, 1988, in press). Lacking any knowledge of the "sound units" that 
they might utilize, it is nearly impossible to look for the analogues of words 
and/or sentences in other species. 

The approach that we have taken with a group of apes (three bonobos 
or pygmy chimpanzees [Pan paniscus] and one common chimpanzee [Pan 
troglodytes]) has been quite different. By exposing them to a spoken language 
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shortly after birth and intentionally avoiding attempts to train or teach 

language, the "speech-rich" environment of the young child was replicated 
with another species. As with children, language was used as a communica- 
tive instrument in all interactions. In addition, people spoke to the apes as 
they pointed to symbols, thus providing both visual and auditory input, on 
the assumption that, if bonobos could not discriminate the units of the 
auditory signal, they could rely instead on the visually distinct symbols. 

In general, the rearing environment was designed to promote commu- 
nication about topics of interest to apes. Food was dispersed at identifiable 
locations in a 55-acre wooded area, and most of the day was spent traveling 
from one food source to another, playing and resting just as would be the 
case in the apes' natural environment. Human companions accompanied 
the apes at all times, using both speech and geometric symbols to communi- 
cate their intentions regarding travel, play, rest, etc. and encouraging the 

apes to attend to these communications. The apes, like children, were cared 
for as needed and allowed to play and interact socially with persons and 
other apes as they desired. 

This environment was intentionally designed as an informal, relaxed 
setting in which apes could be given the opportunity to hear and see people 
talk about things that were of particular interest to them. Such opportuni- 
ties were not experimentally structured but rather occurred spontaneously 
within the daily events of traveling in the forest in search of food. Communi- 
cations differed constantly and were always linked to the current context. 
For example, if dogs or turtles appeared in the woods, they would become, 
for a short period of time, the topic of conversation. Later, it might be the 
snake on the path or the ice in the cooler at "Lookout Point" if it were a 
hot day. It was the events of the moment that determined the topics of 
conversation rather than an experimental protocol. Experimenters did not 
decide which words, if any, an ape should learn. This was left up to the 
individual ape, and, in general, the apes' first words reflected their own 
particular interests. 

Table 1 lists the first 10 words acquired by different bonobos reared in 
this environment. There is no single word that is common to all three ani- 
mals among these first 10 items, even though all were exposed to essentially 
the same vocabulary and the same environment. More interesting than the 
specific lexical items, however, was the way in which the words were learned. 
Because the speech plus symbol keyboard system (described in the next 
chapter) both simplified the topology of the response and provided exten- 
sive opportunity for observational learning, ape subjects readily acquired 
symbols without reward or training (Savage-Rumbaugh et al., 1986). Not 
only were the lexigrams learned, but comprehension of the spoken words 
also occurred, typically preceding the learning of lexical symbols. 

Kanzi, a bonobo, was the first ape to demonstrate that rearing in this 
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TABLE 1 

FIRST 10 WORDS ACQUIRED BY DIFFERENT APE SUBJECTS 

Kanzi Mulika Panbanisha 

Orange Milk Milk 
Peanut Key Chase 
Banana T-room Open 
Apple Surprise Tickle 
Bedroom Juice Grape 
Chase Water Bite 
Austin Grape Dog 
Sweet potato Banana Surprise 
Raisin Go Yogurt 
Ball Staff office Soap 

environment was sufficient to produce spontaneous acquisition of lexical 
and vocal symbols and that "symbol training" was not required (Savage- 
Rumbaugh, Rumbaugh, & McDonald, 1985). Two additional bonobos (Mu- 
lika and Panbanisha) and one common chimpanzee (Panpanzee) have also 
learned symbols without training, indicating that Kanzi's ability was unique 
neither to him nor to his species (Savage-Rumbaugh et al., 1992). 

The communicative effect produced by a combination of words, with 
or without syntax, is different, in a way that is not often discussed, from that 
which can occur with single words. The production of novel combinatorial 
utterances is a powerful communicative process that characterizes all lan- 
guages. The appearance of "sequenced words" antedates the emergence of 
syntax proper and, like syntax, serves to create new meanings that are not 
simply an additive result of the separate words. 

For example, two-word utterances, such as "Car trailer" or "Group- 
room Matata" (both produced by Kanzi), convey novel meanings that the 
individual components could never generate if uttered alone. Additionally, 
these utterances can convey their novel meaning regardless of the order of 
their components and of whether this order is "fixed" according to any 
rule-based syntactic system. When Kanzi produced the combination "Car 
trailer," he was inside the car and employed this utterance as a means of 
indicating that he wanted to be driven to the trailer rather than walking 
there. He followed the utterance with a gesture toward the trailer and the 
steering wheel of the car. Had Kanzi said "car" alone, this single symbol 
utterance would have been interpreted as a comment about being in the car 
and would have simply been acknowledged. Had he said "trailer" alone, the 
caretaker would probably have simply got out of the car and walked with 
Kanzi to the trailer since it was a very short distance to drive. However, by 
saying "Car trailer," Kanzi produced a novel meaning and brought about a 
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set of events that otherwise would not have been likely to occur (i.e., taking 
the car to the trailer). 

Kanzi similarly produced the combination "Grouproom Matata" to con- 
vey something different than either symbol could convey alone. Kanzi was 
in the grouproom and had just heard Matata (his mother), who was in 
another room, vocalize. Typically, if Kanzi wanted to visit Matata, he would 
simply say "Matata" and gesture toward her room. However, on this occa- 
sion, by producing the combination he indicated that he wanted Matata to 
come to the grouproom where he was instead of going to visit her. In 
response to this utterance, the caretaker asked, "Do you want Matata to 
come to the grouproom?" Kanzi answered with loud positive vocal noises, 
directed first to the experimenter, then to Matata. He seemed to be an- 
nouncing something about his intent to Matata. Had Kanzi said only 
"grouproom," his utterance would have been interpreted as a comment on 
his location, just as "car" would have been in the preceding example. How- 
ever, because it is not possible to take a room somewhere (a piece of real- 
world knowledge assumed to be known by both Kanzi and the caretaker), it 
was surmised that Kanzi wanted Matata to come to the grouproom. Kanzi's 
vocalization in response to the caretaker's inquiry affirmed his intent. These 
sorts of combinatorial processes characterized Kanzi's utterances even 
though the majority of his productions were still single words. 

Words such as Matata and grouproom can be uttered in any order, and 
the relational meaning will remain clear and will convey a different message 
than either word uttered alone. The novel meaning conveyed by such a 
two-word utterance is possible because both listener and speaker assume 
that a new relation is made manifest by putting two words together (Savage- 
Rumbaugh, 1990). 

An analysis of Kanzi's combinations reveals not only that he can com- 
municate novel information but also that he follows, as well as invents, 
simple syntactic rules. He tends to follow the ordering strategies of English 
syntax. For example, action-object combinations are more frequent than 
object-action combinations. He has also invented an ordering rule of his 
own for action-action combinations (Greenfield & Savage-Rumbaugh, 
1991). 

The language comprehension of these four ape subjects (Kanzi, Mulika, 
Panbanisha, and Panpanzee) contrasts dramatically with that of five other 
ape subjects (Lana, Sherman, Austin, Matata, and Tamuli) who were reared 
in a similar environment but whose exposure to language began at a much 
later age. None of the animals who began language training after 21/2 years 
of age acquired symbols without extensive and explicit training (Rumbaugh, 
1977; Savage-Rumbaugh, Sevcik, et al., 1985). More important, none of the 
"late exposure" animals developed auditory comprehension of more than a 
few spoken words even by 9 years of age, while all the "early exposure" 

42 



SAVAGE-RUMBAUGH ET AL. 

animals comprehended 40 or more spoken words by 21/2 years of age. The 
fact that age of exposure is a critical variable in language learning in both 

apes and humans suggests that the brains of young animals are developing 
language-activated circuitry that is "exposure biased" at a very early age and 
that equivalent opportunities for the brain to replicate that circuitry at a 
later age may not exist (Greenough, Black, & Wallace, 1987; Rumbaugh, 
Hopkins, Washburn, & Savage-Rumbaugh, 1991). 
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V. METHODS OF THE CURRENT STUDY 

The data presented in this Monograph contrast the ability of a bonobo 

(Kanzi) and of a normal 2-year-old child (Alia) to comprehend novel English 
sentences in which both lexical units and syntactic construction were system- 
atically varied on each trial. Unlike previous ape-child comparisons that 
have used the "idealized child," this study sought to test the capacities of an 
actual human child and of an ape in precisely the same manner. Moreover, 
the rearing histories of both subjects were known to be sufficiently similar 
as to make the comparison valid. 

Both subjects were exposed to a similar linguistic environment from 

infancy, but neither was "trained" to talk. Both had similar experiences with 

lexigrams (i.e., geometric symbols that serve as words in our laboratory). 
Additionally, both subjects shared a primary caregiver, Jeannine Murphy 
(JM), who was the mother of the child and whose language input and 

caretaking behavior were similar for both subjects. The subjects were not 

"playmates," however. Kanzi's peers were apes and Alia's other children. 
The primary caregiver worked full time with Kanzi before Alia was born 
and part of each day thereafter. 

Testing comprehension can be arduous as the cooperation of very 
young children and apes is difficult to secure in a test setting that eliminates 
contextual cuing. Because comprehension is a "hidden skill" that can be 
made manifest only by exposing the subject to specific linguistic input, it is 

necessary to present a wide variety of materials in order to gain an under- 

standing of the subject's competency. It is also critical that such testing not 
become routine, or the subject will not be likely to listen closely and attempt 
to interpret the sentence. For purposes of the current study, both subjects 
were presented with a large number of novel sentences to determine the 
extent to which they comprehended utterances based on speech cues alone. 
The sentences were presented in spoken English and in a normal voice. 
Both relative clauses and word-order reversals were utilized to investigate 
comprehension of specific syntactic devices. 

The goals of the study were simple. Given (a) that both a bonobo and 
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a child had learned to comprehend some language and to use symbols, (b) 
that this knowledge had been imparted to them in a similar manner (in 
part, even, by the same caretaker), and (c) that the language comprehension 
skills of both subjects were imperfectly understood, a systematic means of 
evaluating and comparing these two subjects on the dimension of language 
competency was sought. The most reasonable comparison lay in the domain 
of receptive ability because the ape was not anatomically compromised rela- 
tive to the child in this skill, at least not with regard to pitch perception. A 
nonformal test situation was selected because it provided the best means of 
pressing both subjects to their limit in a way that was natural for them and 
did not require depriving them of food, toys, etc.; nor did it require them 
to perform correctly for a reward. Since the competencies of both subjects 
were understood only in a general way prior to this systematic comparison, 
we selected a wide variety of sentences in order to determine whether these 
subjects could respond appropriately to novel utterances by integrating the 
information given by the words in a semantically meaningful manner. Syn- 
tactic questions inevitably arose also because syntactic structures were em- 
ployed in the novel utterances presented. However, the goal of the study 
was not to provide a definitive picture of these subjects' syntactic competen- 
cies but rather to develop a better understanding of the forms of syntactic 
markers, if any, to which the subjects were becoming sensitive. 

SUBJECTS 

The subjects were Kanzi (born October 28, 1980), a male bonobo 8 
years of age, and Alia (born July 26, 1987), a human female between 11/2 
and 2 years of age. Kanzi was exposed to human language and to lexigrams 
from age 6 months, while still with his bonobo mother. Kanzi's caretakers 
(Sue Savage-Rumbaugh [SSR], Rose Sevcik, Kelly McDonald, JM, Phillip 
Shaw, and Elizabeth Rubert) typically talked to him in natural English and 
pointed to lexigrams as they spoke. Kanzi began to evince speech compre- 
hension at 2 years of age and spontaneously employed lexigrams for com- 
municative purposes at age 21/2 years. 

Kanzi was raised by his mother, Matata, until he was 21/2 years old. 
During this time, Kanzi's mother participated in symbol instruction studies, 
but Kanzi did not-he merely accompanied her. At age 2'1/2, he was sepa- 
rated from Matata for 4 months while she was housed with a breeding male. 
At that time, it became clear that Kanzi had learned the symbols that his 
mother had been attempting to acquire, even though he had received no 
specific training. Consequently, a decision was made not to train him with 
additional symbols but rather to determine what he could learn on his own. 

One or more of the previously noted caretakers was with Kanzi 
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throughout each day, up to the time of the present study. Kanzi was allowed 
to accompany these caretakers into the 50 acres of forest surrounding the 
laboratory and to visit immediately adjacent locations. In the forest, Kanzi 
could find foods at many predictable locations, just as he might in the wild. 
These locations were replenished daily. Kanzi's caretakers always attempted 
to do things that were of interest to him and to talk to him in a natural 
manner. They also carried with them a large symbol board and pointed to 
symbols as they spoke to Kanzi. If the words they were saying were not on 
the symbol board, they simply continued talking without pointing to any 
symbols. (Indoors, Kanzi's symbol board was attached to a speech synthe- 
sizer so that he could "talk" aloud by pressing the symbols.) 

Kanzi spent a great deal of time outdoors during the warm months of 
the year, traveling and playing in the woods. In the winter, he played with 
toys, painted, helped cook, watched television, visited people in other parts 
of the indoor building, played with other apes at the facility, and even 
traveled by car (to keep warm) through the woods. All these activities were 
accompanied by language in any way that seemed natural to the caretakers. 

Kanzi was not required to use any symbols in order to get food or 
other desirable items; however, he was asked to watch when others used the 
symbol board. Kanzi learned to comprehend individual spoken words that 
were of interest to him and to associate these words with the symbols on 
the board without any specific training (Savage-Rumbaugh, 1986). His com- 
prehension of speech was not limited to that of those who cared for him 
but extended to most clear speakers and even to synthesized speech (Savage- 
Rumbaugh, 1988; for a more detailed account of Kanzi's language develop- 
ment, see Savage-Rumbaugh et al., 1990). 

Alia was exposed to English from birth and to lexigram symbols from 
3 months of age. Her mother (JM) pointed to lexigrams as she spoke to 
Alia, just as was done with Kanzi. JM also participated in Kanzi's rearing 
and employed speech patterns and lexical use patterns in a similar manner 
for both subjects. She served as one of Kanzi's caretakers from 8:00 A.M. 
until 1:00 P.M. During the afternoon, she brought her daughter to a modi- 
fied double-wide mobile home located approximately 300 feet from the 
main laboratory facility, where she set up an indoor environment similar to 
Kanzi's and engaged Alia in similar games. Alia watched many of the same 
videotapes that Kanzi saw, worked at many of the same computer-based 
video tasks, and traveled to a number of the same locations surrounding 
the laboratory, including some of those in the woods. Alia did not find food 
in the forest, as did Kanzi, nor did she interact directly with the apes, 
although she saw them through the window often and watched them on 
tape regularly. 

Alia comprehended 32 spoken words at 13 months of age in a formal 
test that required her to select a photograph from an array when she heard 
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the spoken word. (Similar tests are reported elsewhere for Kanzi; see Sav- 
age-Rumbaugh et al., 1990.) She spontaneously employed lexigram symbols 
at 71/2 months of age, several months before producing intelligible spoken 
words, which she did at 11 months. Her first spoken word was jazz (for 
shoes). By 13 months, she produced 26 intelligible words with demonstrated 
comprehension. The Bayley test of motor and cognitive development 
(Bayley, 1969), administered at 1 year, 21 days, indicated that Alia was 3-5 
months advanced for her age, placing her 1 standard deviation above the 
mean. Her mean length of utterance (MLU) was 1.91 morphemes at the 
beginning of the tests reported here. By the end of the current study, it 
had risen to 3.19. (Kanzi's MLU was 1.15 at 5 years of age and remained 
there throughout the period covered by this study.) 

The tests of comprehension skill took place across 9 months (from May 
18, 1988, to February 25, 1989) for Kanzi and across 6 months (from Janu- 
ary 30, 1989, to July 19, 1989) for Alia. Kanzi's testing was interrupted for 
5 months and Alia's for 3 months, in both cases owing to experimenters 
having to take unrelated leaves of absence. 

DESIGN AND PROCEDURE 

Location 

The subjects were tested in different buildings approximately 300 feet 
apart. Kanzi was tested in the main laboratory area, where he was reared, 
while Alia was tested in the double-wide mobile home, where she had spent 
each weekday afternoon with her mother from 3 months of age. Both sub- 
jects knew the names of most of the rooms in these areas and were intimately 
familiar with the general floor plans shown in Figure 1 and with the typical 
furnishings of their test area. Objects were placed in a group a few feet in 
front of each subject. Prior to each day's testing, objects were also placed in 
other rooms if any of the test sentences in that session required the subjects 
to retrieve objects from other areas. 

Whenever available, additional personnel who were familiar to the sub- 
jects were asked to be present so that test sentences that required the subject 
to act on or with another animate could be presented. These persons sat at 
a distance of 3-10 feet from the subjects. In Kanzi's case they were generally 
located behind him, whereas in Alia's case they sat to her left because the 
mobile-home floor plan made it difficult to locate someone behind Alia. 
Alia's 4-year-old brother, Nathaniel, was present throughout all test ses- 
sions, and her younger sister, Katie, was present in the later ones. Kanzi's 
siblings and mother were present in adjacent rooms throughout his test 
sessions. 
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"Knife the 

TOOL ROOM 
sweet potato.' BEDROOM TOOL ROOM BEDROOM 

REFRIGERATOR KANZI HOSE 

COLONY ROOM 

OUTDOORS 

FIG. la.-Figures la and lb depict the basic layout of the test environment for Kanzi 
and for Alia, respectively. Both subjects were very familiar with the various named loca- 
tions in their respective test settings. Alia was separated from the experimenter only by a 

large one-way mirror. The experimenter's voice carried over the mirror, and Alia could 
walk around it. For the majority of the blind trials, Kanzi was separated from the experi- 
menter by a steel door with a 1/4-inch lexan one-way mirror. This made it more difficult 
for him to hear the experimenter. 

SSR conducted the tests with Kanzi; Alia was tested by JM. Neither 

experimenter was aware of the responses of the other subject on the test 
trials; thus, knowledge of what Kanzi did could not have influenced Alia's 
results, or vice versa. 

Pretest 

Prior to administration of the spoken English test sentences, both sub- 

jects were tested with individual words to ensure that they comprehended 
most of the words to be employed in the sentences. In general, novel test 
sentences were limited to words that the subjects comprehended on this 
pretest. Occasionally, words that were not a part of the pretest appeared in 
a sentence. Alia and Kanzi's vocabularies overlapped for the majority of 
items, but, whenever a word used with Kanzi was not known by Alia, substi- 
tution of an appropriate word from the same vocabulary class was made for 
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"orange." OVENBATHROOM BEDROOM 

ALIA 

L KAREN'S ROOM 
COUCH 

OUTDOORS 

FIG. lb.-See Fig. la 

her in the test sentence. The test was begun with Kanzi, and each sentence 
was presented to Kanzi before it was presented to Alia. 

Test Environment 

Both subjects were allowed free access to food during the test, and both 
were allowed to play between trials. Trials were never started unless the 
subject indicated a willingness to participate; consequently, it was important 
to maintain a cooperative attitude in both subjects. Because the experiment- 
ers also participated in their rearing, both subjects were accustomed to coop- 
erating with them on a daily basis, and the experimenters were accustomed 
to determining their moods and facilitating a cooperative attitude. In spite 
of this, both subjects often balked and occasionally refused to participate in 
the test. Generally, such disruptions were handled by engaging in another 
activity for a short period of time and then requesting participation in the 
test once again. 

Nonblind Trials 

The test was divided into two parts, blind and nonblind trials. We recog- 
nized that results indicating linguistic comprehension on the part of either 
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subject would be suspect if either Kanzi's caretaker or Alia's mother were 
visible to the subject. It was important to determine how well each subject 
could respond to the sentence when no linguistically competent partner was 
available to provide helpful gestures, glances, or other means of nonverbal 
assistance. Consequently, it was important to present sentences from behind 
a one-way mirror so as to preclude any unintentional nonverbal communica- 
tion with the subject. 

However, neither subject was accustomed to responding to requests 
produced by a disembodied voice. Both found it odd that their caretaker 
should hide under a blanket or behind a mirror and then ask them to do 
something. Even after they realized that this was to be her behavior and 
that they were still supposed to do as she asked, both subjects seemed to 
feel somewhat ill at ease. Both also attempted to do things that they were 
not normally allowed to do, so as to determine whether they could be seen. 
Kanzi was far more adamant in this regard than Alia. Consequently, the 
"nonblind" portion of the test was used to familiarize the subjects with the 
expectancies generated by the test-setting procedure (i.e., sitting quietly and 
listening to the experimenter, attempting to do what the experimenter 
asked, and playing or eating between trials). It was helpful for the experi- 
menter to be visible during this portion of the test in order to initiate the 
cooperative participation and maintain the attention of the subject. Blind 
control trials were slowly introduced during this period, and both subjects 
learned that they were expected to listen and to attempt to carry out the 
instructions in the sentence. They also learned that, if they did not know 
what to do, the experimenter would help them. Attempts to keep the atmo- 
sphere playful and to engage the subject in the game "what will the experi- 
menter say next?" were constantly maintained. 

It proved necessary to query both subjects about their state with such 
questions as, "Are you ready now?" Alia typically indicated readiness by 
saying "Yes" or "OK," while Kanzi did so by producing a sound that resem- 
bled "Un huh" or "Ready" with regard to intonational contour. On some 
trials, he gestured toward the experimenter to indicate readiness. Whenever 
the subject could not carry out a request correctly, the experimenter pro- 
vided help and scored the data accordingly. From the subjects' viewpoint, 
they were always "correct," but at some times they needed more help than 
at others. 

During the nonblind portion of the test, the experimenter sat in front 
of the subject and, using spoken English alone, asked the subjects to carry 
out a particular action on a group of randomly selected objects placed in 
front of them. During the early trials of this portion, sentences were some- 
times broken down so as to make them easier to understand. Thus, for 
example, in saying, "Get the paper ... put the paper in the backpack," the 
experimenter intentionally waited until the subject had selected the first 
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object (the paper) before uttering the second part of the sentence. Overall, 
29 such sentences were administered during the nonblind segment of data 
collection. 

Blind Trials 

Once the subject was comfortable and responding well in the nonblind 
test situation, the experimenter moved behind a one-way mirror and re- 
mained there both while saying the sentence and while the subject carried 
out the requested action. If the subject's response was incorrect or only 
partially correct, the experimenter helped the subject as needed until the 
request was accurately carried out. The blind phase was begun after 244 
trials for Kanzi but after only 180 trials for Alia. However, for purposes of 
data analysis, only trials subsequent to the 244th are treated as "blind" trials 
for both subjects. 

As noted earlier, both subjects initially refused to respond to a request 
from a party that could not be seen; however, continued urging sufficed to 
overcome the apparent "strangeness" of the blind testing, and both willingly 
began to reply to the requests of the invisible experimenter. That the experi- 
menter came out from behind the screen to help carry out a sentence if the 
subject was hesitant or incorrect appeared to be important in eliciting both 
subjects' willingness to cooperate. It also proved necessary to speak to the 
subjects from behind the one-way mirror using a natural conversational 
style, as though the test were a game of sorts in which they were allowed to 
participate. If the experimenter started to speak in a more formal manner, 
both subjects tended to stop attending. 

Throughout the test, some of the requests referred to activities involv- 
ing other persons. Initially, such persons covered their eyes so that they 
could not see what the subject was doing. However, since both subjects 
hesitated to carry out actions toward people who kept their eyes covered 
and were unresponsive, it proved necessary during the early blind trials to 
permit these persons to behave as appropriate recipients when the action 
was specifically directed to them (as, for instance, in the request "Can you 
give Liz a shot?"). Note, however, that these individuals were located well 
away from the subject and spaced far apart; additionally, they kept their 
eyes covered until the subject had selected the correct object and ap- 
proached them. (This technique was employed for approximately the first 
100 blind trials with Kanzi. In Alia's case, for approximately the first 300 
blind trials these persons were placed well away from the array, and Alia 
did not generally look toward them while responding unless directed to do 
so by the experimenter on that trial. They did not cover their eyes as Alia 
became uncomfortable when everyone else in the room hid their eyes.) 
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TABLE 2 

MEAN NUMBER OF OBJECTS AND AGENTS IN THE ARRAYS FACING KANZI AND ALIA 

KANZI ALIA 

TRIALS Objects Agents Objects Agents 

1-100 ................... 18 3 5 2 
101-200 ................. 13 2 4 2 
201-300 ................. 7 3 6 2 
301-400 ................. 8 3 7 3 
401-500 ................. 9 3 7 3 
501-600 ................. 12 3 8 3 
601-end ................. 12 3 8 3 

For both Kanzi and Alia, in all subsequent trials such persons were 

equipped with radio headphones that transmitted loud music. This pre- 
vented them from hearing the target sentence but nonetheless permitted 
seeing the subject and smiling in order to indicate their willingness to en- 

gage in an activity when approached by the subject. 
While blind conditions were utilized as a standard procedure to prevent 

inadvertent cuing, neither subject typically looked for cues, and failure to 

carry out the request appropriately did not prompt the subjects to do so 
either. 

Sentence Construction 

Objects were selected and displayed randomly for both subjects. Ini- 

tially, Kanzi would not search through a large array of objects systematically 
before carrying out an action; consequently, the majority of his errors- 
particularly in the nonblind trials-resulted from a failure to examine all 
the objects in front of him. The array was subsequently decreased, and this 

problem disappeared. Because of Kanzi's difficulty, the arrays presented to 
Alia were smaller. The mean number of objects and agents included in 

arrays facing each subject (grouped by blocks of 100 trials) are shown in 
Table 2. When found in other locations, at least three objects were placed 
at each site prior to the test session. 

Sentences were generated by taking a random selection of objects, loca- 
tions, and agents and forming requests from this array; the structure of the 
sentences was varied systematically (see below). In order to preclude the 
criticism that the subjects' responses were determined by the constituents 
of the array itself rather than by the sentence that was presented, multiple 
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sentences were given for each array. For example, the sentences "Go vac- 
uum Liz," "Go put some soap on Liz," "Rose is gonna chase Kanzi," "Put 
on the monster mask and scare Linda," "I want Kanzi to grab Rose," "Take 
the mushrooms to Matata," and "Kanzi is going to chase Rose" were all 
presented while the array in front of Kanzi consisted of the following items: 
monster mask, ball, bunny puppet, sweet potato, melon, soap, umbrella, 
straw, toothbrush, toy gorilla, hose, vacuum, mushrooms, two televisions, 
and a shoe. The persons in the room were Liz, Linda, Rose, and Kelly, and 
the available locations were tool room, colony room, microwave, refrigera- 
tor, outdoors, and potty. (A complete list of the options available on each 
trial is available from the authors on request.) 

In the majority of instances, the requests were for actions that the 
subjects were unlikely to have encountered in their daily environment. 
Thus, "Can you make the snake bite the doggie?" was judged to be an 
unusual request because the referents for snake and doggie were toy animals, 
whereas in Kanzi and Alia's experience these words had been used to refer 
to the real snakes in the woods and to the real dogs that lived at the labora- 
tory. It was highly improbable that either subject would have previously 
heard anyone speak of a snake biting a dog; however, both probably would 
have heard someone caution that a snake or a dog could bite them. Simi- 
larly, since no one ever cooked lettuce, neither subject would ever have been 
asked, "Take the lettuce out of the microwave," or have heard someone say, 
"Wash the hotdogs," since that is not what is done with hotdogs. 

In any case, both Alia and Kanzi's experience prior to these test trials 
had been limited to hearing sentences in meaningful contexts. Thus, if 
someone had asked one of them to put hotdogs in the pan, it was in the 
course of cooking; if someone had told them to watch out for a snake that 
might bite, it was because a snake lying on the trail in front of them ap- 
peared ready to bite. Previous linguistic experiences were thus real and 
meaningful, providing both subjects with an intrinsic reason to understand 
the sentence spoken to them; this factor was lacking during the test trials. 

Test Differences between Subjects 

Overall, Kanzi received 244 nonblind trials, followed by 416 blind ones, 
and Alia received 180 nonblind trials, followed by 410 blind ones. Since the 
order of the requests in both conditions was random, those that Alia failed 
to receive varied randomly across sentence types. Alia had fewer nonblind 
trials than Kanzi because her testing was interrupted by the birth of a sib- 
ling, and the latter portion of the nonblind segment was dropped so as to 
conclude her testing within a reasonable time frame. 
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Sentence Types 

The requests were classified into 13 types and subtypes according to 
the different interpretive demands that they placed on the subject. The 
number of sentences within each type differs because these structural 

groupings emerged while the data were being collected. Thus, for example, 
when it became apparent that the subjects could take an object to a location, 
it became important to determine whether they could also go to a specified 
location and retrieve an object. Similarly, when we found that they could 

put object X in object Y, it was then necessary to determine whether they 
were responding to X and Y as key words to initiate the "put" routine or 

integrating the information about the object with that carried by the verb. 

Consequently, sentences that asked them to "Give X and Y" were intro- 
duced. Because it was important to avoid consecutive repetitions of a given 
sentence type, additional exemplars of previous types were presented as 
new types were introduced. As a result, some sentence types are overrepre- 
sented in the data set, whereas others are underrepresented either because 
they were difficult to fit into the current test model or because the subject's 
vocabulary was not sufficiently developed to permit many novel construc- 
tions. The various sentence types are described below. 

Type 1 

Type 1A: Put object X in/on transportable object Y (e.g., "Put the ball on 
the pine needles"; see Fig. 2).-These sentences required that the subject 
construct a relation of adjacency between two objects, X and Y. Both X and 
Y were movable; consequently, actions of this type could be reversed. Ob- 
jects X and Y were related by the verb put and by a preposition. The preposi- 
tions in and on were used to denote the spatial relations of X and Y. How- 
ever, neither subject responded differentially to specific prepositions in a 
consistent manner. They generally placed X in, on, or next to Y, treating 
all prepositions as conveying "adjacent" placement information. Because 
the goal of type lA requests was to determine whether the subjects under- 
stood that the sentence required them to construct a relation between X and 
Y (as opposed to acting independently on X and Y), not to determine 
whether they fully comprehended the prepositions, they were scored as 
having responded correctly if they placed X and Y in any adjacent relation. 

Type 1B: Put object X in nontransportable object Y (e.g., "Put the ice water 
in the potty"; see Fig. 3).-These requests were very similar to type lA 
sentences except that one of the objects was large and bulky, not something 
that typically would be moved. The distinction between types lA and IB 
was made to allow an analysis taking into account the transportability of the 
objects, as a similar analysis had been done in evaluating sentence compre- 
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FIG. 2.-This figure illustrates the array immediately in front of Kanzi (top left), 
Kanzi listening to the type 1A sentence "Put your ball on the pine needles" (top right), 
and Kanzi immediately picking up the ball (bottom left) and placing it on the branch of 
pine needles (bottom right). 

hension in dolphins by Schusterman and Gisiner (1988). These authors 

point out that requests involving a nontransportable object are simpler be- 
cause errors of inverting the object-object relation cannot occur-for exam- 

ple, while one can "put the melon in the potty," one cannot "put the potty 
in the melon." The nontransportables used in the current study were car, 
Fourtrax (an off-road vehicle), potty, vacuum, cabinet, trash receptacle, tele- 
vision, microwave, door, hose, and refrigerator. 

Type 2 

Type 2A: Give (or show) object X to animate A (e.g., "Give the lighter to 

Rose").-These requests required that the subject show or give an object to 
a person or other animate. For purposes of the test, the "other animates" 
were toy representations of living animals such as dogs, snakes, gorillas, 
etc.; hence, these items were also "objects" in the sense that the "animate" 
qualities that they possessed had to be endowed by the subjects' imagination. 
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FIG. 3.-This figure illustrates the array immediately in front of Kanzi (top left), 
Kanzi listening to the type IB sentence "Put the ice water in the potty" (the potty was 
listed as a nontransportable object) (top right), and Kanzi picking up the bowl of ice water 
(bottom left) and pouring it into the potty (bottom right). 

(Both subjects did engage in pretend behaviors with these toys and treated 
them as "animates.") It should be noted that both Kanzi and Alia learned 
the words dog and snake as a result of encounters with real dogs and snakes. 

They learned bunny as the name of a Sesame Street-type character that 

appeared in the lab and on videotape from time to time, but the "bunny" 
used in the test was a hand puppet that only marginally resembled the 

"bunny" they were accustomed to seeing. However, both subjects trans- 
ferred the terms from the real objects to the inanimate ones and proceeded 
to make the inanimate objects act out the sentences as they understood them 
without special training or help. Show and give were summed together for 

purposes of analysis because it was difficult to differentiate the subjects' 
responses to them. 

Type 2B: Give object X and object Y to animate A (e.g., "Give the peas and 
the sweet potatoes to Kelly"; see Fig. 4).-These requests were equivalent 
to type 2A sentences except that the subjects were asked to give or show two 

objects instead of one. These trials were included as controls to determine 
whether the mere mention of two objects would cause the subjects to at- 
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FIG. 4.-This figure illustrates Kanzi listening to the type 2B sentence "Give Kelly 
the peas and the sweet potatoes" (top three frames), Kanzi selecting the sweet potatoes 
and handing them to Kelly (who is videotaping him) (middle left and center frames), then 
selecting the peas after the experimenter has added "and the peas" and giving Kelly the 

peas as well (middle right and bottom three frames). 

tempt to relate them in some manner. That is, on hearing two key words 
such as doggie and ball in the sentence "Show me the doggie and the ball," 
would they try, for example, to put the ball on the doggie? If the subjects 
were to attempt to construct some type of relation between X and Y in 

response to these sentences, it would indicate that they were not responding 
to the verb and the relation it specified in either type 2A or type 2B sen- 
tences but instead were responding in some manner to "key words" as a 

part of a generalized expectancy of the test. 
Different responses to doggie and ball in response to type 2B and 2D 

(see below) sentences would indicate that the subjects were able to construct 
a relation of transfer with two objects when the verb give was employed and 
a relation of adjacency between the same two objects when the verb put was 
used; this would imply that the verb could function to control the relation 
of the objects to each other or to control the relation of both objects to the 

recipient. 
Type 2C: (Do) action A on animate A (e.g., "Give Rose a hug"; see 
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FIG. 5.-This figure illustrates, first, the array immediately in front of Kanzi as he 
listens to the type 2C sentence "Give Rose a hug" (top left). He does not act on the array; 
instead he goes directly to Rose and attempts to press his cheek against her (top right). 
However, she is looking down and listening to loud music (so as not to provide any input 
to Kanzi); consequently, it is difficult for him to "hug" her. Kanzi then sits down and taps 
her gently on the arm (bottom left). Rose looks over at Kanzi and moves her arms into a 
more open position (bottom right). Kanzi presses his cheek and chest against Rose's body, 
but he is hesitant to put his arms around her since she still does not understand what he 
is doing. 

Fig. 5).-The requests in this group required only that the subjects execute 
a simple action on a recipient; no object was involved. Verbs used in these 
sentences were bite, chase, groom, hammer, hide, hug, play, scare, slap, tickle, 
wash, and vacuum. The purpose of including sentences of this form was to 

provide a contrast with sentences of type 2B, in which the basic person- 
object relation was one of giving or showing. Could the subjects respond to 
verbs that specified other types of relationships to animates? 

Type 2D: (Do) action A on animate A with object X (e.g., "Get Rose with 
the snake"; see Fig. 6).-These sentences expanded the action-animate for- 
mat of type 2C to request that the subject act on the recipient (who could 
be a person, a pretend animate, or the subjects themselves) with an object. 
Verbs employed in this sentence type were brush, feed, get, hide, hit, put, scare, 
take, tickle, throw, and wash. In the simple action-animate format of type 2C 
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FIG. 6.-This figure illustrates the array immediately in front of Kanzi (top left), 
Kanzi listening to the type 2D sentence "Get Rose with the snake" (top right), and Kanzi 
picking up the snake and tossing it toward Rose (bottom left), who kicks back at it with 
her foot. 

requests, the relationship between the verb and the animate is fully specified 
by the utterance of each word; that is, there is no alternative interpretation 
of a sentence such as "Tickle Kelly" given that the subject understands the 
words tickle and Kelly. In type 2D sentences, other interpretations do present 
themselves. For example, "Hit the dog with the stick" could result in hitting 
the stick with the (toy) dog or in hitting the dog with the stick. Thus, while 

type 2C sentences ask whether the subjects can relate a verb and a recipient 
in a manner that is intrinsically inherent in the semantic content of the 
words, type 2D sentences ask whether they can use the verb to construct a 

complex relationship between object and recipient that is specified only by 
the complete sentence alone and that is not inherent in the semantics of its 

specific elements. 

Type 3 

(Do) action A on object X (with object Y) (e.g., "Knife the sweet potato"; 
see Figs. 7, 8).-The following verbs appeared in type 3 sentences: bite, eat, 
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FIG. 7.-This figure illustrates the array in front of Kanzi (top left), Kanzi listening 
to the type 3 sentence "Knife the sweet potatoes" (top right), and Kanzi picking up the 
knife (bottom left) and repeatedly stabbing the sweet potatoes (bottom right). 

feed, hammer, hide, knife, open, play, slap, squeeze, throw, wash, and vacuum. In 
contrast to the verbs of more general movement, such as show, put, etc., all 
these verbs specify a particular type of action that was to be carried out on 
an object. These sentences generally requested that the action take place on 
a single object. 

The nature of the relationship between objects X and Y is not inherent 
in the semantic content of the words themselves. That is, the sweet potato 
could act on the knife, or vice versa. Thus, these requests could not be 
correctly executed simply by responding to key words without understand- 
ing the intended relationship between items carried by the syntactic struc- 
ture of the sentence. 

Type 4 

Announce information (e.g., "The surprise is hiding in the dish- 
washer").-These sentences differ from all others in that they did not re- 
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FIG. 8.-This figure illustrates, first, Alia starting toward the array, having just heard 
the type 3 sentence "Can you knife the orange?" Alia bends over, picks up the knife, goes 
to the orange, and attempts to poke it, in much the same manner as Kanzi poked at the 
sweet potato with the knife. 

quest a specific action but simply provided the subject with information. 
Although constructed in a variety of syntactic forms, they are lumped to- 
gether here as a group since their purpose was not to investigate syntactic 
features but to determine whether the subjects would respond appropriately 
if the statement was not in a request format. In their everyday lives, most 
of the sentences heard by Kanzi and Alia functioned to provide information 
rather than to make requests; the latter were employed extensively during 
this test simply because this format provides the clearest assay of what it 
was that the subject understood about any given sentence. 

Information that was of interest and designed to promote some re- 
sponse was presented to the subjects in order to determine whether they 
would respond to statements as they would to requests. This information 
was limited to two forms: announcements either of where an object was 
hidden or that another party was about to engage in a tickle or a chase 
game with them. 
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FIG. 9.-This figure illustrates the array in front of Kanzi (top left), Kanzi listening 
to the type 5A sentence "Take the snake outdoors" (top right), and Kanzi picking up the 
snake (bottom left) and then putting it down on a log outdoors (bottom right). 

Type 5 

Type 5A: Take object X to location Y (e.g., "Take the snake outdoors"; see 

Fig. 9).-These sentences required the subject to take an object to a speci- 
fied location or, in some cases, to an animate. The type 5A requests were 
similar to the type IB requests. However, type 5A sentences generally em- 

ployed distinct spatial entities, such as bedroom, outdoors, etc., rather than 

bulky objects, such as vacuum and refrigerator. Also, most type 5A sentences 

employed the verb take, while type IB sentences employed the verb put. 
Type 5B: Go to location Y and get object X (e.g., "Go to the refrigerator 

and get a banana"; see Fig. 10).-These sentences requested that the subject 
go to a particular location and "get" an object. Between six and nine differ- 
ent words indicating locations were employed during each session. For 
Kanzi, these included bedroom, cabinet, colony room, dishwasher, hammock, hose, 
microwave, outdoors, play yard, refrigerator, television, tool room, trash bin, and 
T-room (a room shaped like the letter T). For Alia, they included bedroom, 
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FIG. 10.-This figure illustrates Alia waiting for the sentence by the one-way mirror, 
Alia listening to the type 5B sentence "Go to the refrigerator and get a banana," Alia 
heading off in response to the sentence (her back can be seen in the one-way mirror), 
Alia on her way to the refrigerator, Alia trying to open the refrigerator, Alia looking in 
the refrigerator tentatively, and Alia selecting a banana from the refrigerator. 

couch, Karen's room, kitchen, living room, outdoors, oven, refrigerator, and tele- 
vision. 

Three or more objects were placed in each of these locations so that, 
when the subjects traveled to the correct place, they had to remember and 
retrieve the requested item, not simply any item that was there. Addition- 

ally, these objects were not ones usually found at that place. For example, 
although many objects were stored in the T-room, potatoes were not. Thus, 
the sentence "Go to the T-room and get the potato" could not be carried 
out simply by listening to the word potato and traveling to a place where 

potatoes were always found. Furthermore, the central positioning of the 
immediate array of objects was such that the other objects could not be seen 

prior to traveling to the indicated location. Thus, the subjects could not 

simply look around for the mentioned object and then retrieve it without 

really understanding where they were to go. 
In order to determine whether the subjects were simply responding to 

63 



MONOGRAPHS 

FIG. 1 la.-Of Figs. 1 la and 1 lb, Fig. 1 la illustrates the array immediately in front 
of Kanzi (top left) as he listens to the control type 5B sentence "Go to the bedroom and 

get the tomato" (top right). Kanzi responds by picking up the tomato from the array 
(bottom left) and looking at it (bottom right). In Fig. 1 lb, the experimenter asks Kanzi to 

put this tomato down, which he does by tossing it on the floor (top left). The experimenter 
repeats the sentence. Kanzi then responds by immediately stepping over the keyboard 
(top right) and going into the bedroom (bottom left). The bedroom lexigram can be seen 
on the door as Kanzi approaches the array of objects in the bedroom. In the final scene 
(bottom right), Kanzi steps back over the keyboard carrying a tomato from the bedroom 
in his left hand. 

the object and the location terms without integrating the information car- 
ried by the verb, a control set of sentences was presented in which the item 
to be retrieved from the distal location was duplicated in the central array. 
It was possible for the subjects to err on such trials by acting on the object 
in front of them, perhaps by taking it to the designated location and then 

returning with it. For instance, "Go to the bedroom and get a tomato," when 
a tomato was also in the central array could well result in such behavior (see 
Fig. 11). 

It is important to note that, while these control trials present the sub- 

jects with the decision of whether to act on the object in front of them or 

go to another place to look for it, all type 5B sentences were semantically 
ambiguous. This is because the type 5B format implied, but did not actually 
specify, which of the duplicate objects was to be "retrieved." Thus, the 
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FIG. 1lIb.-See Fig. 11a 

subject could interpret the sentence as a request to go to a location, then 
return and "get" the object in the central array; to do so would not violate 
the syntactic constraints of the type 5B format. Consequently, in order com- 

pletely to specify which object was to be acted on (the one in the immediate 
or the one in the distal array), type 5C sentences were also given. 

Type 5C: Go get object X that's in location Y (e.g., "Go get the carrot that's 
in the microwave"; see Fig. 12).-By adding the embedded phrasal modifier 
that's, the object of choice was clarified as the one in the distal location. Type 
5C requests were not initially included in the test as they were thought to 
be grammatically too complex for these subjects. However, during an at- 

tempt to correct an error on a type 5B control sentence, the phrasal modifier 
that's was employed. On hearing it, Kanzi stopped acting on the object in 
front of him and went to the distal location to retrieve the specified object. 
Consequently, type 5C sentences were added to determine whether this was 
a reliable skill for either subject. 

As was the case with type 5B requests, in some instances the object to 
be retrieved was found only in the distal location, but on type 5C control 
trials the specified object was found in both the immediate and the distal 

array (e.g., "Go get the melon that's in the bedroom," with a melon in the 
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FIG. 12a.-Of Figs. 12a and 12b, Fig. 12a illustrates the array immediately in front 
of Kanzi (top left) as he listens to the type 5C sentence "Go get the carrot that's in the 
microwave" (top right). Kanzi does not even look at the array for a carrot, but instead 
turns at once and heads for the microwave (bottom left). Kanzi has moved so rapidly that 
the cameraperson finds him already at the microwave opening the door by the time she 
has followed him to the kitchen area (bottom right). In Fig. 12b, Kanzi can be seen reaching 
into the microwave and selecting a carrot (from among other items) (top left and right), 
looking at the carrot as he takes it out of the microwave (bottom left), and returning with 
it in the final scene (bottom right). In this scene, the experimeter is behind the reflective 
mirror surface in front of the small couch to which Kanzi is returning. 

array directly in front of Kanzi and also one in the potty; see Fig. 13). Trials 

of this type did not permit an ambiguous interpretation and thus could be 
contrasted with the ambiguous type 5B control trials. 

Type 6 

Make pretend animate A do action A on recipient Y (e.g., "Make the doggie 
bite the snake"; see Fig. 14).-These requests made use of toy objects such 
as a dog, a snake, a bunny, and so on. The pretend animates were employed 
only for test purposes, and, as noted earlier, neither subject was specifically 
taught to transfer from real to pretend exemplars for purposes of this test, 

although both did so readily. Both subjects understood the application of 
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FIG. 12b.-See Fig. 12a 

these terms to toys as a form of "pretending" and treated these toys very 
differently than they would treat the real animal. Additionally, their treat- 
ment was appropriate; for example, they patted and hugged the dog but 
held the snake gingerly. 

Type 7 

All other sentence types.--The final grouping included 11 sentences that 
differed from all the above and did not form a single category of their own. 
Seven of these 11 entailed two verbs, and each verb was associated with a 
different object or recipient. Thus, this grouping, although small, repre- 
sented more complex sentences than any other grouping in the data base. 

DATA COLLECTION 

Scoring Responses 

All trials were videotaped, except for instances where the camera mal- 
functioned or the subject moved out of view too rapidly. Sixty trials were 
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FIG. 13.-This figure illustrates the array immediately in front of Kanzi (top left) as 
he listens to the control type 5C sentence "Get the melon that's in the potty" (top right). 
(The large round object on the left of the array is the melon.) Kanzi starts toward the 

potty at once, walking past and in fact stepping over the melon that is in the array in 
order to reach the potty (bottom left). He takes the melon out of the potty, smelling it as 
he does so (bottom right). 

not recorded for Kanzi and 57 for Alia; all occurred during the nonblind 
condition. 

The subjects' performance was coded on all trials in real time by each 

experimenter according to a simple tripartite code: correct, partly correct, 
incorrect. 

Correct 

When the subjects carried out the request appropriately, even if doing 
something else they wanted to do first, they were scored as correct. (For 
example, Kanzi brushed himself before brushing the toy dog as requested, 
and Alia placed a sparkler in the clay before she put it on the ball.) We 

judged in such cases that the sentence was understood but that a preferred 
action was carried out before responding directly to the request. In some 
cases, the experimenter had to repeat or rephrase the original instruction 
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as the subjects became distracted by engagement in their own activity. On 
still other occasions, the subjects became so engrossed in their own activities 
that it was necessary to intervene and then repeat the sentence. All such 
trials were scored as "correct" if the subjects carried out the request immedi- 
ately after their own initial actions or after the experimenter succeeded in 
focusing their attention on the sentence itself. 

Partially Correct 

Subjects were scored as "partially correct" if they attempted to carry 
out the request but appeared to understand it only in part. For example, 
when asked to "Bite the rock," Kanzi bit the stick; when asked to "Vacuum 
the ball," Alia put oil on the ball instead. As with correct trials, subjects 
often did something they preferred to do prior to carrying out the request 
in these instances as well. However, in contrast to responses coded "correct," 
after the experimenter repeated the sentence or intervened to remove a 
distracting object, the request was still not carried out appropriately. On 
incorrect and partially correct trials, the experimenter often repeated and/ 
or rephrased the sentence several times in an attempt to help the subject, 
but to no avail. The experimenter then showed the subject the correct action 
and, if needed, helped the subject carry it out. Thus, subjects were typically 
asked to continue trying until the request was carried out; sometimes they 
did this quickly and on their own, and at other times they needed assistance 
from the experimenter. However, they were eventually correct in most in- 
stances and were told so on each trial. On some occasions, the subjects 
continued to insist that they were carrying out the request correctly despite 
the experimenter's attempts to help them correct their error. Regardless of 
whether they were eventually correct or not, if their response before the 
experimenter intervened was incorrect or appropriate only for a portion of 
the sentence, that trial was not scored as correct. 

Both subjects also occasionally added something extra in responding 
to the request. These "elaborations," which may have reflected a partial 
misunderstanding or been an intentional addition to the requested actions, 
occurred on trials in which all other sentence constituents were responded 
to appropriately as well as on trials in which some constituent of the sentence 
was not responded to appropriately. For example, when Alia was asked to 
"Go get the carrot that's in the oven," she brought back the carrot as well 
as some soap. In our coding schema, returning from a location with an 
additional item did not detract from a correct code if the subjects indicated 
in some manner that they wanted to play with or to consume the extra 
object. However, if they simply returned with more than one item and gave 
all such items to the experimenter, they were scored as having made an 
object error. 
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FIG. 14a.-Of Figs. 14a and 14b, Fig. 14a illustrates the array in front of Kanzi (top 
left) as he listens to the type 6 sentence "Make the doggie bite the snake" (top right). First, 
Kanzi picks up the doggie and puts it on top of the snake (bottom left and right). Next, 
in Fig. 14b, he picks up the snake and looks at it (top left and right), then opens the dog's 
mouth and inserts the snake's head (bottom left and right). 

Incorrect 

As noted above, incorrect scores were given when the subjects failed to 

complete any portion of the sentence correctly. 

Interobserver Reliability: Tripartite Code 

Kanzi's responses were coded in real time by Sue Savage-Rumbaugh 
(SSR), and Alia's were similarly coded by Jeannine Murphy (JM). However, 
to ensure the accuracy of the real-time code, the videotape was scored by a 
third person, Lisa Conger (LC). LC had not worked with Kanzi and was 
unfamiliar with apes in general. Her initial coding consisted of a determina- 
tion as to whether the subjects correctly completed all parts of the request, 
executed it partially, or were completely wrong. She also made a judgment 
as to whether any behavior on the part of SSR or JM (such as repeating a 

sentence) may have helped the subject perform the sentence correctly. 
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FIG. 14b.-See Fig. 14a 

Interobserver percentage agreement for the tripartite code (correct, 
partly correct, or incorrect) was computed for randomly selected trials for 
each subject. SSR coded 386 randomly selected trials from videotape of 
Kanzi. Another observer, Linda Gilmore (LG), coded 326 randomly selected 
trials from videotape of Alia. Percentage agreement on the judgment of 
correct, partially correct, or incorrect response was .98 for Kanzi and .89 
for Alia. Percentage agreement on judgments that behaviors on the part of 
the experimenter may have helped the subject was .83 for Kanzi and .64 
for Alia. 

Expanded Coding System 

Subsequently, SSR reviewed the tapes to determine what types of events 

may have led to discrepant ratings onjudgment codes. This review indicated 
that both SSR and JM made frequent inferences as to whether Kanzi and 
Alia were cooperating, attending, purposefully ignoring them, etc. These 
determinations were based on extensive knowledge of these subjects as indi- 
viduals. For example, when asked to "Put the raisins in the yogurt," Alia 
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