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pojmlation, in Sumatra, uses sticks to sentpe the amount of meat sharing, female-fde ance, you have bigger tool kits." 
out the hairs and get at the seeds. 'The whole grooming, and similar indicators) have But the researchers attempting to learn 

materials can't explain why their behavior rise of human tool use as well, The earliest day at the village of TaT, just outside the 
differs, van Schaik says. The key difference, tool-using hominids "didn't have a much park where Boesch works, three chim- 
he and his colleagues found, is that whereas bigger brain yet, so we shouldn't look for panzee heads were stashed in the game 
most orangs are solitary, the Sumatran tool- major cognitive advances," van ScbaiB says. w&rdm's office, dd Erom poachers. 
using animals travel and feed close topether, ''I hypothesize that there was a social If Boesch and his colleagues are correct, 
perhaps because there is plenty of food to change that made them talerate each &w," says Whiten, such sights mean "we're not 
go around. In most environments, food is which led to immased -ties to learn just losing chimpanzees; we're losing lots 
thtnly distributed and the animals "can't af- aM1 build on each other's iwentions, of different chimpaozee cultures." That, he 
ford" to forage together, says van Schaik. The fossil m r d  might support such a says, would be a major loss for humans. "If 
The extra interaction in Sumatra allows an theory, says adtropologist John Fleagle of we want to understand how humans came 

The pattern also holds for ch@mgms, teeth and lots of tools compared to other about that by looking fir similar character- 
. as van Schaik and his colleagues report in apes, he notes, and "when you look at the istics in our close relatives"-close rela- 

this month's h i w  of the Journal of Human fossil record, you see reduction of canines tives who are fast disappearing. 
Ewlution. In a survey of the behaviors re- early and tools later." He thinks smaller -GR~CHENVOG~ 

Are Our Primate 
Cousins 'Conscious'? 

ple. How do they think? of philosophy and into empirical science. 
Are they self-aware? They seek to create a scientific foundation continuum of intelligent beings chimps and 

Might they even be con- for understandug just what it is that makes monkeys fall. Less advanced primates are 
scious beings-and if the human mind so different fiom those of turning out to be capable of sophisticated ao 
so, how could we tell? our hairier cousins. tivities such as tool use (see sidebar on p. 

Hauser admits that Researchers are designing clever new 2075), while other primates appear to be clos- 
even appmching such ways to test primates for some of the con- er to humans than has often been assumed 

questions can be Crete abilities long considered to be pre- For example, some monkeys can over- 
maddening. It's al- requisites for consciousness, such as over- come instinctive behavior to solve a prob- 

theytell you, fants and comparing d t s  among primates niches and show different levels of con- 
so how can and children of various ages, these scientists scious behavior depending on the situation," 
scientists are beginning to understand where on the says ethologist Irene Pepperberg of the Uni- 
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versity of Ariwna, lbcson. 
But other scientists find these experi- 

ments unconvincing, no matter how cleverly 
they are desgned. Given that animals can't 
talk, says Celia Heyes, a psychologist at 
University College London, "I'm just mysti- 
fied how anybody thinks you can find out 
about consciousness in other creatms." 

Even some animd-qpition mearchers 
caution that inteqmthg states of mind fiom 
an animal's behavior is always problematic. 
They heed a warning by the 19th century 
psychologist Llayd Morgan, who argued that 
one should always look for a simple, mecha- 
nistic explanation for even the most complex 
animal behaviors, because complex behav- 

unique human skill--but then in the 1970s, 
primates were found to have symbolic rep 
resentations for objects, although they do 
not f U y  master syntax. Now the distinction 
chiefly rests on what is called conscious- 
ness, and in psychological circles the tenn 
has come to include an ever-expanding 
range of cognitive abilities, says evolution- 
ary psychologist Richard Byrne of the Uni- 
versity of St. Andrews. 

On the simplest level, &m is be- 
ing aware of oneself and others; some re- 
searchers also say that it is correlated 
with &ty, lauguage, and some f m  of 
empathy-putting oneself into another's 
shoes. Clearly* other primates lack this full 
p a c k a s e o f ~ t i e s . B u t i n t h e p a s t 5 ~ ,  
xesearchershmdevisednewteststhat~. 
consciousness more finely. For example, 
Hauserbasdecidedtotacklewbtmanythink 
iSaninrqrot tants tepontheroadto~0~~- 
n e 3 s : ~ ~ ~ ~ f i m c t i o n t h a t  

ing that human infants can't always vary 
their instinctive response, whereas other pri- 
mates sometimes can. 

For example, in experiments Hauser de- 
scribed in January in Denver at the annual 
meeting of the Society for Integrative and 
Comparative Biology, he and Bruce Hood 
of the University of Bristol in the U.K. 
their colleagues tested whether primate 
and children could overcome their 
tive anticipation of where a b 
pellet would drog. They used 
three chimneys at the top an 
lined up under the 
falling straight to the 
ball was sometimes 
ferent box through 
transparent shunt; th 
predict where a ball 
ney woyld land. 

Children avep age 3 could 
theball'scoursebasdan 

iors don't always require complex thought. 
Childm use carrect grammar, fm example, 
long before they understand what nouns and 
verbs are. 'When we engage incmainbehav- 
ion, we're convinced that it'sthought that 
ompted the behavior," says Danid FWhe111, 
a cognitive scien- 
tist at the Univer- 
sity of South; 
western Louisiana 
in Lafayette. "But 
theexactsamebe- 
havimcanbegen-: 
erated by other 
~ ~ ' S 1 # ; h s k e p ~  
tics argue t h a t  
although animals 
may be smart, in 
the ser~se dfqrvlng 
eircellent infitmna- 

w a v e  limits of both species. 

tion-processing 
capabilities, t h 3  
lack the subjective 
experiences that are 
the essence of hu- 

a f& pellet if it fel 
straight down but no 
if it was shunted to an- xnanccwlsci- enables individuals d 

Thus,opinionsonhowwideacbasmsep 
ara tesus fnnnother~divesgewi ld ly .  
yet researchers on all sides agree l&at finding 
just what abilities lie in the gap will help 
us learn more about both primates and 
ourselv-d Pernaps our ancient homirdd 
ancestors to boot. What we learn about 
chimps, our closest living relaths, ''dl help 
us reconstruct the evolution of the human 
mind," predicts Andrew Whiten, an evolu- 
tionary psychologist at the University of St. 
Andrews in Fife, Scotland 

to override instinct 
and solve a pblem 
in a new way. Wple 
do this all the time, 
for example, every 
time they see a m k -  
ie in a bakery window and walk away fnnn 

other landing spot i 
so opaque shunt. B u b  
when tbe researchers 
putfheapparatusonits 9 
side so that the objects 2 
were moving horizon- 3 

fauy-threby avoiding any gravity-related P 
~ m m h y s d i d m u f h b e t t e r t h a u  11 
the younger chiMren in anticipating where $ 
t h e b a l l o r p e l l e t u r o u l d ~ , s a y s ~ .  
Nooneis~thatcot tontoptamarins  
are conscious, but the work shows a contin- 
uum of abilities in primates and humans, 
rather than a single cutoff. 

And because 2-year-olds make many of 
the same mistakes as the monkeys and QXI 
some tasks do worse, even thqugh they 
have language, the experiments also a- 

ll 9 

to do with language. For mmple, bngmge 's 
can't help children predict where the ball 3 
will fall. 'We think of ourselves as thhking. ff 

thewhdowanduptotheamtmtobuyone, 
rather than succumbing to the impulse to 
reachthroughtheglassandgrabit. 

Traditionally, behaviorists had assumed 
that animals behaved imtktively and could 
not restrain a particular reqome to a prob- 
lem even when it failed repeatedly. The ten- 
dency to do what's routine is called perse- 
veration, ahd neurobiological stdies have 
locatedthe~tytoowrcomeitinthepre- 
frontal cortex, a part of the brain that is 
much enlarged in humans (Science, 15 Au- 
gust 1997, pp. 900,953). Human adults are 
able to judge immediately h they need 
to do something differently. But new results 
blur the animal-human distinction by show- 

homtodstompathy 
Back in the 1950s, anthropologists drew the 
line between human and ape at the use of 
tools; thus any ancient horninid associated 
with stone tools was automatically assigned 
to our genus, Homo. But then in the 1%0s 
primatologists fomd that chirkp- can 
use tools, and now researchers know that 
many other primates can too. Next it was 
language that was held to be the truly in language, and thus it's easy to concl "$I 



that language is doing all the work," Hauser 
explains, but it's not. William Kirnler, a his- 
torian of science at North Carolina State 
University in Raleigh, agrees: "It's not 
about language; it's about planning." 

Beyond mirrors 
Almost everyone agrees that self-aware- 
ness, or being cognizant of one's body and 
thoughts, is another crucial element of con- 
: sciousness, and many researchers think 
2 that chimps possess it. Alone among pri- 
2 2 mates, chimps can recognize themselves in 

a mirror. But Robert Seyfarth and Dorothy 
9 Cheney at the University of Pennsylvania, 
$ Philadelphia, who have studied vervet 

monkeys and baboons in the field in Africa 
;I for 20 years, wondered if these primates 
$ might have self-awareness, too. Seyfarth 
2 and Cheney contend that the mirror test 

isn't relevant for species that in the wild 
would never have the opportunity to look 

5 in one. Because primates live together in 
tight hierarchies, they argued that a better 

5 test would involve "social self-awareness" 
-whether individuals understand them- 
selves and their relations to other group 

? members. "If you divide self-awareness 

into its components, then here's an aspect 
where we may be able to make progress," 
Seyfarth says. 

For example, in one recent study, he and 
Cheney studied how pairs of female ba- 
boons reacted to recorded sounds .of other 
adults in a fight. If the adults were not their 
own kin, the females didn't react. If the cries 
came from one female's relatives, the other 
female would look at her, and if both the fe- 
males were related to the rabble-rousers, 
then the two females looked at each other 
and, eventually, the dominant one came and 
sat down in the place of the subordinate one, 
reasserting her place in the hierarchy. 

"This suggests they know the individuals 
[and their calls] and also the family relation- 
ships of each individual," Seyfarth reported 
at this year's integrative biology meeting. 
The work "nails down the fact that these an- 
imals show an awareness of their own posi- 
tion in society and their position with re- 
spect to others," says Care1 van Schaik, a bi- 
ological anthropologist at Duke University 
in Durham, North Carolina. That sophisti- 
cated knowledge of their social selves, says 
Seyfarth, "raises the possibility that they 
have a sophisticated sense of self." 

The mind problem 
If self-awareness is part of consciousness, 
perhaps the next significant step is the ability 
to attribute mental states to others. In 1978, a 
hand-raised chimp named Sarah seemed to 
be able to understand what a human tester in 
a video should do to solve problems such as 
reaching food on a high shelf. To some, this 
suggested that chimps had a "theory of 
mind''-that they understood that other indi- 
viduals had thoughts and mental states, too. 

Critics argued that the experiment was 
very contrived, however, and it took re- 
searchers years to come up with better tests. 
Now several groups are doing such experi- 
ments on primates. And the primate work 
fired the imaginations of child development 
researchers, so that there are now hundreds of 
papers on children's development of theory 
of mind. That work shows that children be- 
come sensitive to what others are thinking at 
an early age, but are unable to attribute false 
beliefs to others until around age 5. 

For chimps, however, the results are 
conflicting. For example, as part of a major 
program tracking cognitive development of 
both chimps and children for the past 8 
years, Southwestern Louisiana's Povinelli 
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had his subjects gesture to one of two people Leipzig, Germany, sought to design a sce- 
-one with a blindfold and another with nario more relevant to chimps' lives than 
a gag over the previous tests were. Because chimps 
mouth-in order forage in groups and have an elaborate 
to ask for a treat. 
Children of age 2 

set of rules about who gets to eat food 
first, Hare devised a test that looked at 

understood that whether one chimp could tell what an- 
the blindfolded other chimp, rather than a human 
person could not tester, was seeing-and presumably, 
see their gesture thinking. Their setup involved three 
and asked the opaque cages in a row, with a chimp in 
gagged person, the first and third cages and two pieces 
but chimps were of food in the middle cage. 
just as likely to 
gesture to either person. "They are not rea- 
soning about seeing," says Povinelli. He 
concludes: "Humans have a whole system 
that we call theory of mind that chimps 
don't have." 

Work by Josef Call, a psychologist at the 
University of Liverpool in the United King- 
dom, agrees in part with this conclusion. In 
the March-April issue of Child Develop- 
ment, Call's team reports that they could 
find no evidence that five chimps and two 
orangutans could figure out where a tester 
should find a hidden piece of food whose 
position has been switched without the 
tester's knowledge, although the animals 
themselves observed the switch. They were 
not sophisticated enough to realize that the 
tester had the wrong knowledge of the 
food's location, presumably because they 
couldn't fathom that the tester had knowl- 
edge different from their own. 

Still, this was a test of one of the most 
sophisticated aspects of the theory of mind, 
says Call. "The theory of mind is not just 
one skill; it's a series of skills," he says, and 
he thinks that primates might still under- 
stand something of others' thoughts. 

Indeed, some positive results are now 
appearing. For example, Harvard graduate 
student Brian Hare, who works with Call in 
the lab of developmental psychologist 
Michael Tomasello, now at the Max Planck 
Institute for Evolutionary Anthropology in 

the other chimp 
was eyeing it too. 
When the door was 
opened fully, only 
the dominant chimp 
of the pair retrieved 
the food, as would 
have been the case 
in the wild. 

The researchers 
then placed a barri- 

The doors 
from the out- 
er cages to 
the middle 
one were first 
opened just 
enough that 
each c h i m p  
could peek 
at the food 
and see that 

says Matsuzawa. In addition, the witness 
sometimes misled the bystander by leading 
it to an empty box, the team reported in 
June 1998 at the Napoli Social Learning 
Conference in Italy. 

In both sets of experiments, chimps are 
behaving as if they have a rudimentary 
awareness of their fellows' desire to find 
food-the first stirrings of mind-reading, 
says Matsuzawa. A few other experiments 
show similar abilities. One provocative 
study by psychologists Charles Menzel, Sue 
Savage Rumbaugh, and Duane Rumbaugh 
of Georgia State University in Atlanta and 
their colleagues involved a chimp named 
Panzee, who learned to communicate with a 
special computer keyboard outfitted with 
symbols. When seeking objects hidden out- 
side her habitat, Panzee apparently under- 
stood that certain human keepers did not 
know what was hidden and where, and she 
told them both what the object was and what 
they needed to know to help her find it, ac- 
cording to a paper in press in the Journal of 

er in such a way that the aominant cnimp 
could see only one piece of food, but the sub- 
ordinate could see both and could also see 
that only one piece of food was in view of the 
dominant chimp. This time, the subordinate 
took the piece of food that the dominant 
couldn't see, suggesting that it knew the 
dominant was unaware of this food's exis- 
tence. And when the dominant chimp was re- 
placed with a chimp even lower on the hierar- 
chy, the newly dominant chimp first went af- 
ter the food both chimps could see-grab- 

bing the more contesteditem 
first-and then retrieved the second 
piece. Thus the chimp's response varied 
depending on its fellow's identity and 
what it could see, suggesting an under- 
standing of another's visual perspective. 

Similar hints that chimps know 
what is going on in each other's heads 
come from Tetsuro Matsuzawa and his 
team at Kyoto University in Japan. 
They also looked at food retrieval, this 
time by pairs of chimps-a "witness" 
chimp who had seen where food was 
hidden and a "bystander" who hadn't. 
In a variety of experimental protocols, 
the "bystander" tended to follow the 

Primate literacy? Adept at using symbols, this chimp "witness" around and so appeared to 
seems more humanlike than most of her species. understand the witness's knowledge, 

I tive and are bound to elicit tough 
scrutiny by both supporters and skep- 
tics. Researchers like Tomasello, for 

I 
example, don't think that chimps have 
a full theory of mind. "Seeing and per- 
ceiving is not the same thing as know- 
ing and believing," he says. Tomasello 
adds that the conflicting evidence I 
about chimp consciousness may reflect 

the difference 2 
between ani- $ 
mals raised in 
the wild and 
in captivity. $ 
He suggests 
that chimps ; 
raised by hu- 
mans, such as $ 
Panzee, may B 
be more likely $ 
to develop a Z! 

sense of self and possibly an awareness of 
others. Human babies, he speculates, learn to 
recognize how others react to them and be- 
come self-aware because of the attention they 
get from adults. Thus, a human raised in iso- 
lation might not have the same "conscious- 
ness" as the rest of us, whereas chimps raised 
by people do uncharacteristically well in 
theory-of-mind experiments. 

Researchers admit that they expect to 
puzzle over the theory of mind for a while. $ 
But as thev desim cleverer and cleverer ex- J 

2 " L 

periments, they are optimistic about begin- a 
ning to chart the still-unknown territory that 6 
divides the human and animal minds. g 
"These are exciting times,'' says Harvard's & 
Hauser. "I predict we will make immense $ 
progress." -ELIZABETH PENNISI ? 
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