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SyNopsis.

Animal consciousness has long been assumed to be a nonviable arena

of investigation. At best, it was thought that any indications of such consciousness,
should it exist, would not be interpretable by our species. Recent work in the field
of language competencies with bonobos has laid this conception open to serious
challenge. This paper reviews this work and the case it makes for our impending
capacity to tap the consciousness of a uniquely enculturated group of bonobos who
are capable of comprehending human speech and employing a lexical communi-

cation system.

WHAT 1S CONSCIOUSNESS?

Investigations into the domain of con-
sciousness face many conundrums. In a re-
cent internet dialogue on the topic, spon-
sored by the Consciousness Studies pro-
gram at the University of Arizona, the cen-
tral issues were 1) What is consciousness
and 2) How should it be studied?

Even though these issues are still being
addressed, studies of great apes have dem-
onstrated a capacity to comprehend spoken
English, at the level of phonemes, mor-
phemes, and novel syntactical construc-
tions; events which one associates with
consciousness. While questions swirl
around whether what apes have is ‘“really
language,” whether they have a true under-
standing of “‘theory of mind” and whether
they are ‘‘conscious’—we see the critical
issues as those of forming practical as-
sumptions about theory and methodology
that empower us to proceed with research
informing our understanding of other minds
and other species. In so doing, we adopt a
theoretical position at a level of social sci-
ence description borrowing from quantum
theory, space-time sub-neural explanations
of consciousness.

According to John Searle, ‘‘conscious-
ness refers to the state of sentience or
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awareness that typically begins when we
wake from a dreamless sleep and then con-
tinues through the day until we fall asleep
again, die, go into a coma, or otherwise be-
come unconscious. Dreams are also a form
of consciousness, though in many respects
they are quite unlike normal waking states’
(Searle, 1998). We accept Searle’s descrip-
tion of consciousness and agree with the
view that subjective experience must be
taken seriously as an object of study. More-
over, we would observe that ‘“‘conscious-
ness cannot be understood unless it is ac-
curately described and that reductive ap-
proaches are inherently inappropriate to this
descriptive task” (Velmans, 1998). For the
time being, we believe that it is useful to
assume that ‘“‘consciousness may be an ir-
reducible fundamental property of the uni-
verse in the same category as space and
time or mass and electric charge. However,
we take exception to Chalmers’s idea that
“we know in fact that brain processes cause
consciousness’” (1998). Our position is a
simple assumption: consciousness is a prop-
erty (Searle, 1992) which the brain manip-
ulates in ways we might conceive of as
bending, folding, focusing, or magnifying.
Such contouring of consciousness is a func-
tion of the brain’s typology, which we as-
sert has been fashioned by culture. We sug-
gest that reality is a construction of con-
sciousness molded by forces of the brain
shaped by culture.

We use the term culture in the anthro-
pological sense, a variation of Leslie
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White’s famous definition of culture. That
is, culture is a force that has emerged which
allows adaptation by the species to the en-
vironment at a rate which biology alone
would not allow. We further argue that cul-
ture, language, and tools ride upon a com-
mon neural substrate. As forces, language
and tools are subsets of culture.

We suggest that consciousness is quite
general among animal species. The differ-
ences in what we as humans might interpret
as degrees of consciousness are dependent
upon the power (size) of the neural sub-
strate to fold or bend consciousness into the
appropriate reality. Thus, culture and con-
sciousness co-construct the driving force in
the evolutionary mechanism acting upon
the highly plastic matter of biological life.
Our position supports Hameroff’s explana-
tion that purposeful intelligent behavior
may accelerate evolution and explain the
Cambrian explosion (Hameroff, 1998). We
believe that culture, as a force, is the uni-
fying agent of consciousness within a spe-
cies, such that, culture constructs the struc-
ture of our consciousness so that we (and
other species) are able to share experience.

Given this co-interactive framework, it is
only reasonable to suspect that the culture
in which an ape is reared will significantly
affect the form of consciousness it devel-
ops, as well as its communicative expres-
sion of that consciousness. If reared in a
human culture, ape consciousness will be
molded according to a form that human be-
ings can recognize more easily as similar to
their own and thus understandable by them.
Such cross-cultural rearing studies can be
understood as experiments in the grafting of
cultural consciousness across biological
platforms. Moreover, the expectations of
the human participants in such studies will,
unwittingly, affect the outcome. This is be-
cause the extent to which they extend their
activities of ‘““humanness’ to permit the in-
corporation of alternative biological plat-
forms into their group cultural conscious-
ness, will affect the capacity of the devel-
oping organism. Thus studies of ape com-
petence on ‘“human tasks™ can never be
pure measures of ape capacity. The expec-
tancies and culture of the measurer will in-
evitably affect them. Nonetheless, they in-
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form us with regard to ourselves, the role
of our expectancies and the plasticity of
apes.

Ape language—Insights into human bias
and cultural expectation

Ape language work at Georgia State Uni-
versity’s Language Research Center has re-
peatedly produced important advances in
the understanding of apes and their poten-
tial for linguistic processes since the first
keyboard was presented to the chimpanzee
Lana in 1972. At that time, little was known
about the perceptual and cognitive capaci-
ties of great apes and it was considered un-
likely that they would be capable of dis-
criminating the small 2 dimensional printed
patterns (“‘lexigrams’’) intended to serve as
words. (Rumbaugh, 19774, b) It seemed
less probable that apes would respond to
lexigram-words in a meaningful semantic
manner or put them together in any fashion
that incorporated even one or two of the
rule bound parameters inherent within a
transformational grammar.

When the ‘““Lana Project” began, the
chimpanzee Washoe had learned some
signs, and serious questions were beginning
to surface regarding the amount of imitation
that underlay her actions (Terrace et al.,
1979). Moreover, her signs were often in-
articulate and difficult to decipher for all
but those who lived and interacted with her
on a daily basis. Another chimpanzee, Sara,
had also begun to respond to complex con-
ceptual questions posed through the use of
plastic tokens (Premack, 1986). However
the token system was not designed for com-
munication of needs or ideas, but rather as
a test or probe of the apes’ capacities in
conceptual arenas thought to be unique to
language. The lexical keyboard system pro-
posed by Duane Rumbaugh, provided a po-
tential means of propelling apes beyond the
limitations posed by these other methodol-
ogies. In addition, it offered a more accu-
rate means of data collection as it was
linked to a computer, which recorded all ut-
terances of experimenter and ape. The com-
puter system could be programmed to re-
quire that Lana produce complete syntacti-
cally ordered strings of lexigrams arranged
according to certain simple combinatorial
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rules. The first studies left no doubt that
Lana could discriminate lexigrams visually,
and that she could learn the simple ordering
rules sufficiently well to apply them to nov-
el sequences. Lana could also associate dif-
ferent symbols with various real world peo-
ple, places, and things (Rumbaugh, 1977b)
and the computer-collected data demon-
strated that imitation was not the basis of
her performance.

Like many other novel findings in sci-
ence, the work with Lana raised more ques-
tions then it answered. It was not clear that
Lana always understood what was said to
her through lexigrams, particularly if the re-
quests were somewhat unusual. It was also
not clear why she sometimes made what
seemed to be incomprehensible errors and
formed nonsensical strings. What was clear
was that she expected certain things to hap-
pen in response to her utterances. When
told she was wrong, Lana would begin to
cycle through a variety of incorrect but ap-
propriate, as well non-syntactical and se-
mantically inappropriate alternatives. These
‘““alternate responses’ were often unlike the
errors produced by human children just
gaining linguistic competency. They were
more like ‘“word salad” with mixed dress-
ing for the ordering rules. Children’s errors
may be characterized as “‘cute’” but they are
eminently interpretable by all who hear
them. By contrast, Lana’s errors were more
appropriately characterized as ‘‘puzzling”
and it was often difficult to figure out what
Lana was trying to say.

Lana rarely communicated unless she
wanted something. Consequently, to
“build” conversations with Lana, experi-
menters posed intentional “‘problems” such
as hiding food, locating it in the wrong
vending device etc. Through such means,
discussions about a given topic could be
maintained for a longer period of time. It
might be thought that the need to “build
conversations” should be taken as an indi-
cation that Lana’s use of symbols was
somehow not humanlike. However similar
hurdles are encountered in working with
autistic children. Often such children pass
through a stage of very limited communi-
cation, where they fail to elaborate unless
pushed. Repeated pressure to expand utter-
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ances however, is often the key to the emer-
gence of a breakthrough capacity to gen-
erate more typical interactive language ex-
changes (Greenspan and Benderly, 1997).

The second generation of language stud-
ies with the lexical-keyboard system at-
tempted to compensate for some of the per-
ceived inadequacies in Lana’s semantic per-
formance. Her errors had revealed that
while she grasped the combinatorial rules
of her syntax, she often did not consistently
apply semantic content. That is, the seman-
tic loading of some vocabulary items was
weak. Indeed, it often seemed that Lana
knew more about how to use words, than
she knew about their actual meanings.
Thus, when presented with a problem in
which she saw food in a green box outside
her room, Lana would switch between se-
quences such as those listed below in an
effort to produce a correct sentence.

““You put box which is black in room”
“Tim move bowl which is green in ma-
chine.”

‘““Machine move bowl which is black™

It could take 5 to 15 attempts to produce
the correct sentence ‘“You move box, which
is green into room.” Errors included such
phrases as “You move into Tim. .. ” that
is things that had no possible real world
component. The fact that Lana simulta-
neously changed many elements of the sen-
tences in response to being told that she
was incorrect indicated the absence of a
systematic elimination of incorrect respons-
es.

Lana also lacked the capacity to employ
or comprehend words used in nonsituation-
ally familiar ways. In Lana’s lexical world,
the lexigram “bowl” was selected when
Lana was shown a bowl or a photo of a
bowl. But if someone said “There are no
bowls” or ‘“Put it in the bowl” or ‘“We are
looking for something that is in a bowl” or
“Fill the bowl with water”” or “Which bowl
do you like”—usages of a sort that never
occurred within Lana’s experiential
world—she had no means of relating to
them. Yet such usages, along with meta-
phor, regularly inform our human use of
language.

Consequently the ensuing effort, with
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two young male chimpanzees (Sherman
and Austin) was directed toward the careful
inculcation of single words and a more ob-
jective analysis of both semantic and prag-
matic word functions as contrasted with
lexical ‘‘assignment”. The ‘‘meaning” of
words came under intense focus, and recep-
tive understanding, along with object label-
ing became an important component of the
linguistic instruction. The social aspect of
language and culture was also enriched far
beyond what had been the case for Lana.
And lastly, in place of working with a sin-
gle subject, efforts were concentrated upon
communications between two co-reared
apes, Austin and Sherman (Savage-Rum-
baugh, 1986).

This simple change had profound theo-
retical implications that are still not widely
understood. It meant that, for the first time
in the field of animal language, the exper-
imenter was removed as half of every sub-
ject-experimenter interaction. Such a
change fundamentally altered the traditional
experimental psychological paradigm in
which every action of an animal subject is
both preceded by a structured event, (usu-
ally termed the “‘stimulus’) and followed
by a structured event (usually termed the
“reinforcer’’).

Previous animal work with apes, dol-
phins, and parrots followed the experimen-
tal control paradigm. These paradigms are
insufficient for either the inculcation or
analysis of functional linguistic phenomena.
Linguistic communication necessarily takes
place between individuals in a multiplicity
of exchanges that cannot be controlled from
the outside either by intentionally setting
the stage of the preceding stimulus or ef-
fecting a particular reinforcing event. If
there can be said to be a ‘reinforcing
event” for the speaker during normal con-
versation, it can only be that of the com-
prehension of the listener. If there can be
said to be a stimulus event that prompts the
verbal selections of the speaker, it can only
be the prior utterances of the listener, which
are themselves a reflection of the listener’s
prior comprehension.

In attempting to analyze linguistic ex-
changes, one inevitably comes to focus
upon the exchange of meaning between
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participants, in a situation where ‘“‘mean-
ing”’ is not controlled either at the level of
input, output or reward by any experimen-
tally manipulatable variable. Consequently,
as one moves from the experimenter-subject
paradigm to the study of communications
between two or more participants, the
boundaries of the traditional approach to
the study of animal behavior are pressed be-
yond normal limits. Finally, once the ex-
change of meaning is the focus of investi-
gation, it quickly becomes apparent that
what we call ‘““meaning” cannot exist out-
side of a socio-cultural context. What one
party’s utterances ‘‘mean’’ to another can
only be determined within a socio-culture
framework that permits utterances to as-
sume certain inter-individual expectancies
and obligations. This leap into the social
dynamics of language took the work be-
yond the ““can they talk” phase into some-
thing far more complex, and began to open
up the issue of what talking is all about as
well as how it is that social contracts are
constructed. It required new skills on the
part of Sherman and Austin, skills that had
been missing in Lana, and for which little,
if any, behavioral evidence existed.

The work with Sherman and Austin re-
vealed that symbolic communication of a
high level, with the use of an abstract code
and with mutual understanding and coop-
eration, was possible between non-human
creatures (See Fig. 1). It also revealed that
the semantic processing of the symbolic
components of the communicative system
was not just lexically based and dependent
upon stimulus-response associative phe-
nomena. It was instead, semantically
grounded and functionally abstract. Finally,
it illustrated, for the first time in the field
of animal language, the critical components
of listener comprehension and listener co-
operation (See Fig. 2).

Prior to this work, the functional com-
ponents of animal language had been little
discussed. But the difficulties which Sher-
man and Austin encountered, and had to
overcome, clearly demonstrated that with-
out these fundamental components of the
language endeavor, the phenomena, which
we call linguistic communication, could not
take place. Inevitably, this work also raised
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FiG. 1.

4

1. Austin (seated on stool) watches as experimenter A goes to the refrigerator and selects one of many

different foods to hide in a container. Sherman (in test room) can see that Austin is watching the experimenter
but he cannot see which food is selected and placed in the container. (His vision of this action is blocked by
the open door of the refrigerator.) 2. Austin, with experimenter B, uses his keyboard to tell Sherman which food
has been hidden. 3. Sherman uses his keyboard to request the food, which Austin has said was in the container.
4. If Sherman is correct, both chimpanzees share the food in the containers. On ensuing trials the roles are
reversed.

The nonverbal contextual situation was critical to the competent execution of these communications. Both
chimpanzees understood, from the way in which the procedure was conducted, that one had information which
the other did not and that there was a need to share this information. If the same task were carried out as a
simple match-to-sample problem, in which chimpanzee A was asked to match chimpanzee B’s utterance in order
to receive a mutual reward, they both failed. The emergence of semantic symbol use occurred only in a mean-

ingful communicative situation that was commonly understood by both parties.

the question of whether or not Lana, as well
as other ‘‘language trained’’ apes, birds, and
dolphins were engaging in complex exper-
imenter-subject interaction chains, rather
than functional semantically based com-
munication with a pragmatic component.
Regardless of how semantically or syntac-
tically complex the question, i.e., ‘“How
many green hide?” or Take the hoop to
the window’’—no repetitive response based
drill has the essential ingredients to produce
the sort of pragmatic functional communi-
cation that we associate with every human
linguistic exchange. Like many autistic
children, were other animals giving the
right answers in a detached noncommuni-
cative way? Did they simply appear

“smart” to us because the things they said
seemed so unusual for animals? Had Alex
and Lana, and Ake been human, would we
have readily recognized that they did not
really relate to language in a spontaneous
and interactive social exchange of mean-
ing?

Before the truly communicative inter-
changes achieved by Sherman and Austin,
the emphasis within the field of animal lan-
guage was upon syntax as extant apart from
communication. This focus derived from
the assumption of some theoreticians re-
garding the universality of syntactical struc-
ture and the implications of understanding
the fundamental nature of that universality
for opening the key to thought processes
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FiG. 2.

Left upper panel. Sherman (seated left) looks at the kinds of foods on the tray in front of him and

decides which item he would like to eat first. Left lower panel. He then selects the symbol on the keyboard to
represent that food as Austin observes. Right upper panel. Austin picks up the food that Sherman has indicated
and gives him a bite. Right lower panel. Austin then takes a bite of the same food for himself. These commu-
nicative behaviors were carried on between Austin and Sherman with no experimenter present in the room. They
occurred because sharing and turn-taking were part of the everyday cultural tradition in the laboratory. These
behaviors were not programmed or shaped, but rather modeled as the proper decorum surrounding food.

assumed to be uniquely human (Pinker,
1994; Chomsky, 1965). Without negating
that stance, the work with Sherman and
Austin came to show that such a position,
regardless of its ‘“‘correctness’ could never,
in the end, serve as an explanatory mech-
anism for the endeavor of human language.
Language was not reducible to its internal
structure alone. It required two participants
able to mean and to intend, locked into a
social context of communicative exchange.

The next phase of work pressed the
boundaries of scientific method in a differ-
ent way. The findings with Sherman and
Austin brought forth a sensitivity to the pro-
cess of comprehension as an invisible phe-
nomenon, in the process of language ac-
quisition. Consequently, when research ef-
forts with Kanzi, a young bonobo, began,
the emphasis was not on production but

comprehension. There is no way to reward
comprehension, because, in its initial stag-
es, there is no overt behavioral indication
of what is taking place. This made it essen-
tial to move away from any type of training.
The results of this change in approach to
the inculcation of language in a nonhuman
being are taking considerable time to be in-
corporated into the philosophical body of
thought regarding language skills in human
and non-human creatures.

Since the appearance of modern scientific
paradigms, and probably before, it has been
assumed that any animal that learned even
a small portion of human language would
have to receive this knowledge through ex-
plicit instruction. The arguments against the
“realness” of language in apes, dolphins
and parrots have centered on the methods
by which the language is acquired. Human
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language has often been felt to be more real
than animal language as it appears seem-
ingly without effort (Pinker, 1994; Pinker
and Bloom, 1990). Moreover, many have
assumed that there exists some innate de-
gree of language capacity in the human spe-
cies that permits us to understand the inten-
tions of others (Searle, 1998). Animals, by
contrast, are said to learn many correct re-
sponses, but these responses are assumed to
differ in kind from what occurs in our own
species (Bickerton, 1984; Calvin and Bick-
erton, 2001).

The bonobo’s capacity to acquire high
level linguistic skills in essentially the same
manner as a child, albeit more slowly, re-
vealed that the burden of linguistic devel-
opment was carried by comprehension not
production (Savage-Rumbaugh er al.,
1986). It is especially important that com-
prehension emerged in contextually mean-
ingful situations, with many variables, not
in repetitive training sessions with only a
few variables characteristic.

Language competency appeared in Kanzi
through an osmotic process in which care-
takers passed on their linguistic culture
without awareness or intent. These findings
raised, for the first time, the serious possi-
bility that bonobos possessed a sentience
similar in kind, if not degree, to our own.
It also followed logically that this sentience
had gone unrecognized in field studies sim-
ply because we could not easily grasp the
highly abstract and symbolic nature of their
communications in the wild. (Savage-Rum-
baugh et al., 1996b).

Because Kanzi’s mode of acquisition was
very different from that of other linguisti-
cally tutored animals, his linguistic output
was dramatically changed as well. Analysis
of his utterance corpus revealed a basic
comprehension of syntactical ordering rules
as well as a comprehension of grammatical
classes Greenfield and Savage-Rumbaugh
(1991). But more than this, his understand-
ing encompassed all manner of novel
events and even of metaphor. His under-
standing of language informed his interpre-
tation of real world events and his broad-
ened capacity to interpret and appropriately
classify real world events informed his lin-
guistic comprehension in a boot strapping
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effect. An example of this was the ease with
which Kanzi learned to flake stone tools
given a modicum of both visual and verbal
instruction. Similar attempts by other apes
required long and arduous conditioning and
shaping regimens (Toth et al., 1993).

Because Kanzi’s achievements went far
beyond the accomplishments of Lana, Sher-
man and Austin; it became essential to de-
termine the degree to which these remark-
able capacities were a function of Kanzi’s
species versus a function of the unique rear-
ing circumstances surrounding his devel-
opment. Kanzi’s rearing had taken place in
a free-form captive environment modeled
upon the type of existence a young bonobo
might experience in the wild. This contrast-
ed with the formal training regimens en-
countered by Sherman, Austin and Lana.
Kanzi’s linguistic accomplishments raised
two possibilities. The first was that bonobos
and human beings somehow shared a pe-
culiar and unique genetic heritage for lin-
guistic competency, and that studies of wild
bonobos had simply failed to reveal the true
abstract nature of their communication sys-
tem. The other possibility was that some-
thing about the unstructured socio-cultural
approach—with its absence of training and
its focus upon comprehension—facilitated
language in a manner that classical learning
approaches did not and could not.

Kanzi’s culture was characterized by
many objects and by a variety of partici-
pants, including human beings who served
as caretakers, but also by many others.
There were repairmen who cleaned the lab,
fixed the cages, and repaired the bridges in
the field. There were visitors who wanted
to meet Kanzi, dogs who guarded the lab
at night, wild animals encountered in the
forest, maintenance crews with their large
machines, garbage truck drivers, telephone
linesmen and many others. But Kanzi’s
world was not solely a human one; it was
also “peopled” by Matata who was raised
as a wild bonobo in the Congo. Across
time, as Matata produced more offspring,
Kanzi’s world grew to include many non-
linguistically competent siblings who mul-
tiplied in number and began to form a bon-
obo community.

Kanzi thus developed as a being within
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a Pan paniscus/Homo sapiens socio-cultur-
al world. That is, as a bicultural entity who
learned multiple of ways of relating to and
communicating with others in both his bon-
obo and human cultures. His linguistic acts
were fully, intimately and irrevocably em-
bedded within both these cultures. More-
over, his behavior indicated an awareness
that his biological mother could not fully
relate to, or trust, many of his human care-
takers. The same was true of the majority
of his human caretakers; they could not
completely understand or adequately relate
to the culture and ways his bonobo mother.
Kanzi served, and continues to serve, as
something of liaison between these two cul-
tures in ways that remain to be adequately
documented. He will, for example, often
employ the keyboard to request food for his
mother and siblings who do not know the
lexigrams.

Because Kanzi’s language development
was enmeshed within a culture, his life and
communications evidenced a richness and
depth that transcended the symbolic com-
munications of Sherman, Austin and Lana.
Kanzi became able to ‘““mean’ in a variety
of ways. He also appeared to understand
that symbolic meaning is something that
can be constructed between individuals in
the act of social engagement. He seemed to
recognize as well that the ““meanings” con-
structed through joint action develop a his-
tory, expectancies and even a certain ne-
cessity of being, once undertaken in a le-
gitimate fashion. But Kanzi’s very exis-
tence made it necessary to determine the
relative effects that biology and environ-
ment had played in his development.

Consequently, the ensuing research pro-
ject sought to separate the species variable
from the environmental variable by co-rear-
ing a bonobo (Panbanisha) and a chimpan-
zee (Panzee) in an environment that was es-
sentially the same as that encountered by
Kanzi. However, unlike Kanzi, these two
apes were always together and therefore al-
ways inevitably exerting some indetermin-
able degree of influence over the develop-
ment of the other. By introducing two ad-
ditional apes to the environment built
around Kanzi, the cultural aspects of the
work expanded greatly. In addition, Kanzi

917

himself provided a model for the behavioral
and linguistic development that was very
different from the one that Matata had pro-
vided for him. He could use the keyboard—
she could not. Thus it was not really pos-
sible to precisely replicate Kanzi’s experi-
ences with additional apes. What we did do
was to attempt to avoid the structured train-
ing, the emphasis upon production and the
failure to ground the language within a rich
socio-cultural environment that had char-
acterized earlier work with Lana, Sherman
and Austin. We concentrated upon compre-
hension in cultural context, we continued to
make natural spoken English the main route
of linguistic input and we spent as much
time as possible in the natural forest setting.

Like Kanzi, Panbanisha and Panzee ex-
perienced a social environment within
which keyboard usage was a daily affair by
human caretakers. Because Kanzi was al-
ready lexically competent, the keyboard,
which had begun with only 1 lexigram in
his case, had grown to a board of 256 sym-
bols. Thus the keyboard could not grow
with Panbanisha and Panzee, as it did with
Kanzi. If Kanzi was to be a part of their
linguistic world, his 256 symbols had to be
present as well. Consequently, Panbanisha
and Panzee were exposed to 256 lexigrams
utilized in complex communications from
the first week of life. Perhaps for this rea-
son, their acquisition of these symbols was
much more rapid than Kanzi’s. Similarly,
their combinations appeared far earlier and
Panbanisha composed more complex utter-
ances of greater duration than Kanzi, al-
though Panzee did not. Nonetheless, Pan-
zee, though delayed relative to Panbanisha,
followed essentially the same developmen-
tal trajectory (Brakke and Savage-Rum-
baugh, 1995, 1996). She acquired the lexi-
gram-words without any specific training
and began to produce novel ordered com-
binations at about the same age as Kanzi
and Panbanisha (Greenfield, Lyn, and Sav-
age-Rumbaugh, in press). Like Kanzi, she
also developed the capacity to understand
and properly respond to spoken English
words and sentences. She is not as accurate
in her comprehension of completely novel
sentences as are Kanzi and Panbanisha, nor
does she recognize as many individual spo-















