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Three Intuitions about Human Intelligence

People who reflect on their own cognitive capacities often share three
intuitions. First, human thinking appears to be qualitatively different
from the thinking of other animals. Second, human thinking appears
to change quahitatively over development. Third, human thinking ap-
pears to depend in some way on language: our unique system for ex-
I.'II‘L‘H-.‘;i.]'Ig llll:lng]'lL‘i .‘:'U[l!i.‘j]”“" SEEITS tO |]'|:-i]'iL' rh[il-hﬂ ['l'll':lll]-_';l'l[h T"UHGil‘.‘ll\.

In contemporary cognitive science, these intuitions have fallen on
hard times. Behavioral biologists, comparative psychologists, and neu-
roscientists have found homologies between the representational sys-
tems of humans and other animals in numerous domains, including
vision, ohject recognition, attention and working memory, and action
planning. These homologies challenge those who believe any gulf di-
vides human from nonhuman cognition. Studies of children have re-
vealed striking continuities over human development: constant, core
capacities to represent space and number, reason about objects and
people, and engage in coordinated, goal-directed acts. These findings
suggest that developmental changes in children’s thinking stem more
from the elaboration of core knowledge systems than from the emer-
gence of new systems, Finally, studies of people with language impair-
ments 'I't“n-"'.‘:il I"i[.'l'l :-'IT'Id i.‘]:;'.ll'.‘{,flri'ln' T{']}T"..‘.‘ﬂ.‘]'lt:-iti(}l'.l.‘i {:I:" Thﬁ.' un\'ir:mn'lt‘nt._,
indicating that the capacity to think does not depend on the capacity
to express one’s thoughts with words.
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Conceptual challenges also tace those who embrace the three intu-
itions, raising doubts about the possibility that human cognition co
differ fundamentally from nonhuman cognition, change qualitativel
over development, or depend on language. The evolution of h

was a recent event, and evolutionary change works by modifying &x@“

isting structures, not by creating new ones from whole cloth. How ;.
then, could humans have evolved wholly new ways of thinking?
Learning plays a large role in the development of human knowledge,
and it is constrained by the learner’s preexisting representational c .

pacities. How, then, could children’s conceptions undergo radi

change? One can only come to understand the words and expressions
of a specific language if one can relate each word or expression to prn- 4
existing conceptual representations. How, then, could language learn-

ing result in an increase in the learner’s conceptual resources?

Despite the evidence and arguments to the contrary, I suggest that
there is something right about all three of the initial intuitions: human
cognition does have unique properties, those properties emerge over
the course of human development, and they relate to the acquisition
of language. In this chapter, I defend these intuitions by presentinga
case study in comparative, developmental cognitive science. The case

lies in the domain of spatial memory and concerns the process by

which one reorients oneself after losing one’s sense of position and

heading. We will see that human reorientation depends in part on
processes that are homologous to those in other animals, constant
over much of human development, and independent of language—just
as those skeptical of the three intuitions would expect. Nevertheless,
human navigation also depends on spatial representations that are
unique to humans, emergent over development, and related to the ac-
quisition of a specific natural language. The case study provides a per-
spective on the development of thought and language that may meet
the conceprual challenges facing the three intuitions. In closing, I sug-
gest other aspects of human cognition that might usefully be ap-
proached from the same perspective.

Comparative Studies of Reorientation

Mobile animals who return to fixed places within the environment
have mechanisms for representing their changing position in relation

* to those places. One set of mechanisms, found in animals from ants to
- humans, accomplishes this task through a process of “dead reckon-
2 ing” or “path integration”: a moving animal continuously updates a
- representation of its position relative to its starting point by combin-
 ing information about its position at the start of the updating step and

its velocity over that step. Dead reckoning is subject to cumulative er-
; rors, however, and animals from ants to humans have mechanisms for
. correcting them. When an animal finds itself in a familiar environ-
‘ment, it draws on its memory for the positions and directions of fea-
~ tures of that environment to correct errors in its current reckoned po-
~ sition and heading. My case study focuses on this process of error
~ correction, or reorientation,

Because reorientation requires some form of spatial memory, com-

. parative cognitive scientists can investigate the nature of the informa-

tion that enters this representation and the processes that operate
upon it. Cheng and Gallistel (Cheng, 1986; Margules and Gallistel,
1988) studied reorientation in rats in a rectangular chamber with a
rich array of visual and olfactory landmarks. Hungry rats were shown
the location of partially buried food, they were taken from the envi-
ronment and disoriented, and then they were returned to the environ-
ment and allowed to search for the food. To the investigators'
surprise, rats searched the two geometrically appropriate locations
within the room with equal frequency, despite the fact that the loca-
tions bore different relations to the nongeometric features of the envi-
ronment (Figure 15.1). This search pattern was obtained only when
rats were disoriented; rats readily used nongeometric landmarks in
other spatial memory tasks.

Cheng and Gallistel concluded that rats reorient by comparing the
shape of their current surroundings to a geocentric representation of
the shape of the environment they had previously encountered when
oriented, Because this comparison is task-specific (it is invoked only for
purposes of reorientation) and informationally encapsulated (it oper-
ates only on information about the shape of the environment), Cheng
and Gallistel concluded that reorientation in rats is accomplished by
a “geometric module.” Although their claim for modularity is contro-
versial, research from other laboratories has confirmed Cheng and
Gallistel’s central findings of a task-specific reliance on geometric infor-
mation (Biegler and Morris, 1993; Dudchenko et al., 1997).
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Figure 15.1. Tesrin_g environments and search patterns in two studies of reorientation ;
and spatial memory in rats (Cheng, 1986). Rats searched at high levels at both geomet-

rically appropriate corners of each chamber, Although they appeared to search the cor-
ner with appropriate nongeometric properties more than the opposite corner, this ten-
dFruq_r was not significant (Cheng, 1986) and may be an artifact of incomplete
disorientation (Margules and Gallistel, 1988).

The “Geometric Module” in Humans

Do humans have a homologous reorientation mechanism? Linda
Hermer-Vazquez, Ranxiao Frances Wang, and I attempted to answer
this question by adapting Cheng and Gallistel’s experiments for young
children (Hermer and Spelke, 1994, 1996, Wang, Hermer-Vazquez
and Spelke, 1999). In our studies, 1.5- to 2-year-old children were
brought individually into an experimental chamber by a parent, who
hid a toy in one of the chamber’s corners. Then the children were
lifted and turned slowly with their eyes covered to induce a state of

F

Figrere 15,2, Testing environments used in studies of reorientation and spatial mem-
ory in young children (Hermer and Spelke, 1994, 1996; Wang, Hermer-Vazquez, and
Spelke, 1999}, Children searched with high and equal frequency at the two geomerri-
cally appropriate corners of the rectangular chamber, the four corners of the square
chamber, and the single correct corner of the square chamber with the protuberance.
The children's search did not accord with the colors of walls, or the presence or identi-
ties of movable objects.

disorientation (but not dizziness). Finally, they were released in a
standing position facing one of the walls of the chamber, their eyes
were uncovered, and they were encouraged to find the toy. In different
experiments and conditions, we varied the properties of the chamber
s0 as to determine the information children used to guide their search
for the object (Figure 15.2).




In one condition, children were tested in a rectangular room with
entirely white walls and no distinctive landmarks. These children

searched the two geometrically appropriate corners equally, indicating
that they were truly disoriented and that no inadvertent cues in the en-

vironment served to guide them to the object. Moreover, the children
searched those two corners markedly more than the other two, geo-
metrically inappropriate corners, indicating that they were sensitive to
the geometric information used by rats. In a second condition, chil-
dren were tested in the same room with a single, distinctively colored
wall. Like rats, children continued to search the two geometrically ap-
propriate corners with high and equal frequency, indicating that they
failed to use the colored wall to relocate the object. In further experi-
ments, we presented distinctive toys as symmetry-breaking landmarks,
drew children’s attention to the landmarks in various ways, allowed
children to play in the chamber for several hours so that nongeometric
landmarks became highly familiar, and reduced the informativeness of
room geometry by testing children in a square or circular environment
(Wang, Hermer-Vazquez, and Spelke, 1999; Gouteux and Spelke,
2001; see also Stedron, Munakata, and O'Reilly, 2000). None of
these manipulations affected the findings: like rats, children searched
for the hidden toy in correct relation to the shape of the room and
without regard for the room’s nongeometric landmarks.’

Was the children’s search guided by a task-specific mechanism for
reorientation? To investigate whether children truly reoriented by the
shape of the room, Hermer-Vazquez (Hermer, 1997) investigated dis-
oriented children’s search for multiple landmarks (two hidden toys
and the concealed chamber door) in a rectangular room with a single
blue wall. When asked to point to each hidden object and to the door,
children pointed with high and equal frequency to the correct location
and to the geometrically equivalent, opposite location: once again,
their search was guided by the shape of the room and not by the non-
geometric landmark. Most important, however, children who pointed
at the correct location for one of the objects pointed correctly for all
of them, whereas children who pointed to the opposite location for
one object showed the same reversal for the others. These findings
provide evidence that children did not use local properties of the
shape of the room to specify directly the individual locations of the

Sobjects. Instead, chuldren evidently used the shape ot the room to re-

orient themselves and, once oriented, searched for the objects in their

= fam:l Spelke, 1996; see also Wang, Hermer-Vazquez, and Spelke,
- 1999), we compared children’s search for a toy hidden in a corner of a
~ rectangular environment under two sorts of conditions: in one condi-

tion, the toy remained in an apparently stable position and children
were disoriented. In the other condition, the child remained oriented,

~ with eyes closed, while the hiding places in the room were moved.

Even when children viewed exactly the same environment in these two
conditions, their search patterns were different: oriented children’s
search was guided by the nongeometric properties of the hidden ob-

~ ject’s container, but disoriented children’s search was guided by the

shape of the room (Figure 15.3). Search guided by geometry therefore
appears to be specific to the task of reorientation. Like rats, children
have a rask-specific, encapsulated system for reorientation.

All these findings provide evidence for a close homology between

- the spatial representations and navigation processes of humans and

rats: contrary to the first intuition with which I began, human naviga-
tion so far does not appear to depend on cognitive processes unique to
humans. The plot thickens, however, when we turn from young chil-
dren to older children and adults.

Developmental Changes in Spatial Representations

Adults were given the same reorientation task as young children in
some of the same environments (Hermer and Spelke, 1994). When
they were tested in a rectangular room with no distinctive landmarks,
adults performed like young children and rats, searching the two geo-
metrically correct locations with high and equal frequency. This find-



suggests that the geometric reorientation system found in rats and
dren is present and functional in adults, a suggestion supported by
‘new research using functional brain imaging (Epstein and Kanwisher,
98). When a nongeometric landmark (a blue wall) was present in
* the rectangular environment, in contrast, adults outperformed young
-~ children and rats and confined their search to the single, correct cor-
- ner of the environment, Sometime between two and twenty years of

Disoriented condition Orientation intact conditdon
(N=18) (N=16)

Search (% trials)

G V G
NG A NG

Search trial 1 (# subjects)

N A

i

N 4
é

NG 1 A NG

Figuere 15,3, Testing environment and search patterns in a study of reorientation and
object search by young children (Hermer and Spelke, 1996}, For all children, an object
was hidden in one of two distinctly colored and patterned boxes in adjacent corners,
children's eves were covered, and the boxes were moved to new locations that dissoci-
ated their geometric and nongeometric properties. Children who remained oriented
during the boxes® displacement searched the box with the appropriate color and pat-
terning, whereas those who were disariented did not. Different search patterns were
observed even on the first trial, before the children could know whether their rask
wonld be to locate a displaced object or to reorient themselves, Children evidently per-
ceived and remembered both geometric and nongeometric properties of the hiding lo-
cations and used different properties selectively in different tasks.

- age, humans evidently come to locate objects under circumstances
- that defeat adult rats.

Further studies by Hermer-Vazquez, Moffer, and Munkholm
(2001) investigated the development of this ability by testing children

- of various ages in the same environment, Children began to perform

like adults, confining their search to the single correct location, at
about six years of age. Those who succeeded at the task, moreover,
often used spatial language to comment on their success.

To focus more directly on the transition from reorientation by pure
geometry to the use of nongeometric landmarks, Hermer-Vazquez,
Moffet, and Munkholm {2001) conducted a further study of six-year-
old children, asking what other cognitive changes accompany the
transition. In one session, children were given the reorientation task.
In that session and a second session, a different investigator gave the
children a battery of tests of spatial and verbal working memory, I(,
vocabulary size, comprehension of spatial expressions using the terms
“above,” “below,” “front,” “back,” “left,” and “right,” and produc-
tion of spatial expressions using the same terms. About half the chil-
dren were found to reorient as adults do, using a colored wall to
break the room’s symmetry and specify the object’s location. Stepwise
regressions, with chronological age, sex, and performance on each of
the other tests as predictor variables, revealed that the only factor as-
sociated with success on the reorientation task was performance on
the language production task with expressions involving “left” and
“right.” Successful use of the nongeometric landmark was associated
with successful production of spatial language.

These studies suggest that humans form spatial representations not
found in other animals, and that these representations emerge over the
course of human development. Do the representations depend on lan-
guage? For familiar reasons, correlational research cannot answer this




causal question, and so our last studies have taken a different a
proach. If uniquely human patterns of navigation depend on hw
language, then those patterns should disappear in any situation

prevents the normal exercise of the language faculty. We have tested
this prediction in studies with normal human adults, using a dual-task

method (Hermer-Vazquez, Spelke, and Katsnelson, 1999).

Turning Humans into Rats: Dual-task Studies

In these studies, disoriented adults again searched for an object hidden

in a square or rectangular environment with a single distinctively cal-

ored wall. In one condition, subjects searched with no interference, as 3
in our previous studies. In a second condition, subjects engaged ina

simultaneous task of verbal shadowing: throughout the reorientation
test, they listened to and repeated a continuous prose passage. This
demanding task was designed to occupy the language faculty through-
out the study and to prevent adults from using language to encode

properties of the environment. Unfortunately, verbal shadowing is

also quite demanding of attention and working memory, and so a fur-
ther condition was included in the experiments. In that condition,
subjects engaged in a nonverbal, rhythm-shadowing task: throughout
the reorientation test, they listened to a changing succession of rhyth-
mic drumbeats and continuously reproduced the rhythms by clapping.
In a separate experiment, the verbal and rhythm-shadowing tasks
each were performed with the same output system, concurrently with
an attention-demanding visual search task. As judged from perfor-
mance on the visual search task, the rhythm-shadowing task was at
least as demanding of attention and effort as verbal shadowing. Un-
like verbal shadowing, however, rhythm shadowing placed no de-
mands on the language faculty,

The findings of our experiments are simply summarized: adults who
engaged in rhythmic shadowing performed like adults in our original
studies and searched in the correct relation to the nongeometric land-
mark. In contrast, adults who engaged in verbal shadowing performed
like young children and rats and searched equally in the two geo-
metrically appropriate locations (Figure 15.4). Geometrically appropri-
ate search was as high as it is for children and rats in both shadowing

Experiment 1

All white control Blue wall control Verbal shadowing
C i
] 39 2 81 B 44
50 5 11 ] 38 13
R R R
Experiment 2
Control Verbal shadowing
C C
5 83 17 36
5 ] 33 14
R R
Control Rhythm shadowing
C Q
2 93 [ 73
] 3 11 9
R R

Figure 15.4. Testing environment and search patterns in a study of reorientation and
spatial memory in adults (Hermer-Vazquez, Spelke, and Katsnelson, 1999). Aduls
searched in accord with both geomerric and nongeomerric information when they
searched without distraction or performed a nonverbal distractor task. When engaged
in a verbal distractor task, in contrast, adults searched in accord with geometric infor-
mation alone.
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conditions, suggesting that verbal shadowing did not interfere wit
memory for the object’s location or with the geometric reorientat
process. This finding provides evidence that Cheng’s “geometric mod
is alive and functioning in human adults. In contrast, adults’ abilic
search in the correct relation to the nongeometric landmark evidently
pended on the use of language, for it was abolished by verbal shado

at rats and young children appear not to do is to combine these
of information flexibly, Although rats and children represent
nse relations among walls of different lengths, they do not ap-
ar to represent the sense relations among walls of different colors.
, blue, and wall are concepts available to the rat and the young
, but left of the blue wall is not.
his small example raises a larger possibility. Humans and other
imals may share a common collection of innate, domain-specific
ive systems, each of which gives rise to a set of core concepts.
ively human, developmentally emergent cognitive achieve-

Core Systems and New Combinations

This case study provides evidence both for and against the three
itions with which we began, Contrary to claims that human may stem in part from our unique ability to form new combina-
i5 unique, emergent over development, and dependent on la s of these concepts, and that ability in turn may depend on the ac-
we have found evidence for a system of representation—Ch ' quisition of a natural language.

“geometric module”—that is shared by humans and rats, con w can a natural language be learned in the first place, if the con-
over development, and impervious to verbal interference. This s it expresses are not yet available to the child? Children may
allows both children and adults to reorient themselves and locate n the words and expressions of a natural language by drawing on
den objects. In accord with the initial intuitions, however, we concepts that their core, language-independent systems of repre-
found evidence for a further system of representation that ion make available. For example, the term “left™ could be
been observed in rats or other animals, that emerges over huma d by relating the language-independent spatial representations
velopment, whose emergence coincides in time with the acquis for navigation or object localization to expressions such as “turn
spatial language, and whose functioning is suppressed by verbal ‘or “look on the left.” Terms for nongeometric landmarks and
ference. What is the nature of the latter system, and in wha properties could be learned by relating language-independent
might it depend on language? tations of objects or scenes to expressions such as “the blue

To approach these questions, consider first what the | or “the blue sky.”

dependent system does not do. Humans do not need language i Jnce these terms are learned, natural languages may make new
to notice, remember, or act on nongeometric information, | ssentations available, because of two of their most remarkable
both infants and rats have all these abilities, Humans also do ies. First, a natural language is a combinatorial system: once
language in order to notice, remember, or act on the sense have been learned in the context of one set of expressions, they
ships encoded in language by the terms “left” and “right. used and understood in other sets of expressions with no fur-
Cheng’s rats and Hermer-Vazquez's toddlers showed high s ing, Second, a natural language is a domain-general system
to sense relationships, for only those relationships disting entation: its combinatorial rules concatenate entities only in
geometrically appropriate corners of the rectangular room (for d with the syntactic properties of those entities and irrespective
ple, the corners with a long wall on the left) from the inapp ir domain-specific content. Although nonverbal animals and pre-
corners (those with a long wall on the right). Colors, patterns, al children also have combinatorial representational systems,
and sense relations are all detectable and memorable independe systems operate in restricted domains. The present case study,
language, and all serve to guide the actions of nonverbal anim: mple, concerns a language-independent system that combines
preverbal children. -and distance relations (allowing rats and preverbal children to
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“mation into unitary object representations may be one source of the
distinctively human propensity to surround ourselves with things of
own making.

hat accounts for this ability? Human infants and nonhuman pri-
may be sensitive to many of the kinds of information that enter
3 mature representations of artifacts. Only verbal children and
may combine these representations, however, so as to form
pts of objects with both physical properties and conventional
ons, and natural language may provide the medium in which
combination of information is represented. The first steps of this
ss may occur when children learn their first words for kinds of
ts (see Xu and Carey, 1996, for evidence and discussion).

represent corners with a short wall on the left) but not se:
relations. A speaker of English, in contrast, can combine
tions not only with geometric properties but with nongeo
erties such as color (“the corner with the blue wall on the
ber (“left of the first seven houses”), arbitrary associa
the tunnel where Diana died”), or any other properties w
to express.

The explosive, domain-independent combinatorial pow
ural language may give human thinking its unique flexibili
acquisition of a natural language may underlie the emerg
concepts and conceptual resources in children. Neverthel
is too powerful a combinatorial system, for it allows spea
bizarre and senseless combinations as well as useful and
ones. Because nothing in the language faculty serves to dis
tentially significant combinations from senseless ones, oth
processes are needed to guide children and adults toward
binations. Instruction, observation, and trial-and-error
may play this role (see Chapter 23).

Humman Action
A wealth of research over the last two decades has investigated the
ergence, in ontogeny and phylogeny, of a “theory of mind™: a dis-
ctive way of viewing, predicting, and explaining the actions of peo-
d other animals as guided by their intentions, tempered by their
oms, and planned in accord with their perceptions and represen-
ons of their surroundings. Although early observations suggested
this intentional view might be common to humans and other pri-
(Premack and Woodruff, 1978; Whiten and Byrne, 1988), sub-
t studies have provided very limited evidence for theory of
reasoning in any nonhuman primate (Premack, 1988; Cheney
Seyfarth, 1990; Povinelli and Eddy, 1996; compare Hare et al.,
(J0). Similar research with children provides evidence for marked
elopmental changes in reasoning about human action. Very young
dren appear to represent human actions as directed to goals
ergely et al., 1995; Woodward, 1998), as responsive to events per-
ved at a distance (Spelke, Phillips, and Woodward, 1995; Hood,
Willen, and Driver, 1998), and as guided by desires (Wellman, 1990).
In ‘contrast, two-year-old children fail to reason about actions as
ded by states of knowledge, and three-year-old children consis-
tly fail to predict a person’s actions from knowledge of her beliefs
‘when the beliefs are false (for example, Perner, 1991). These findings
suggest that an understanding of actions as guided by mental states
develops slowly over the preschool years.

Surveying the Landscape

These sweeping claims are a heavy burden for a small cas
bear; might they apply in other domains? Research on chi
veloping concepts of objects, of persons and their action
number suggests other cases where uniquely human thin
emerge through the acquisition of language. I sketch each case

Objects
Human infants and other primares have elaborate, and similar
ties to perceive and represent objects. Young children new
take a major step beyond the smartest nonhuman primates w
begin to learn abour artifacts. On a single exposure, toddl
view an adult using a rool develop new and enduring k
about the functional properties of that object. Human kno
about objects comes to include a complex mix of informatio
an object’s composition, parts, affordances, history, and cul
sanctioned functions. The ability to combine diverse sources of
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[f “theory of mind” reasoning is distinctively human and e
over development, what are its origins? The research described a
suggests that young children understand desires and though
rected to simple objects and actions. For example, young childre:
represent a given individual as wanting an apple, wanting to ju
thinking about Fred. These language-independent representa
may allow children to learn the meanings of verbs such as *y
and “think™ when they appear in corresponding expressions.
of young children’s spontaneous use of the verbs “want™ and "t
are consistent with this possibility (Bartsch and Wellman, 1997)
ther language-independent representations of states of affairs (
ample, Fred is late or John cut the apple) would allow childe
learn simple expressions describing those states of affairs. Once
dren have learned these expressions, the syntactic rules of their
guage allow for the construction of more complex expressions
embedded complements: for example, “I want John to cut
apple,” “I think Fred is late.” The syntax of embedding may prov
the combinatorial machinery needed to represent propositional att:
tudes, which in turn may allow for the development of a l']lEﬂiT of
mind. 1A
Recent research by de Villiers and de Villiers (1999) is consistent
with this hypothesis. Their studies of normal and language-delayeq %
children provide evidence that the emergence of the ability to exp
and understand sentences with embedded complements—sente
such as “John said that it’s raining” or “Mary thinks we're crazy”—
precedes and predicts success on false belief tasks. The acquisition of a
natural language therefore might play a role in the development of an
understanding of false beliefs and other propositional attitudes. '

A view of human cognition as founded on core systems, linked by
age to form new combinations, suggests an approach to these
estions (Spelke and Tsivkin, 2001). A language-independent num-
senise may arise from core systems for representing discrete, small
bers of objects and for representing approximate quantities: sys-
found in human infants and other animals (Dehaene, 1997;
oll and Leslie, 1999), Children may learn the meanings of the first
words in the counting sequence by mapping the words both to object
esentations (for example, “two apples” refers to an apple and an-
er apple) and to magnitude representations (for example, “two ap-
s” refers to a very small quantity of apples or the next-to-smallest
antity of apples). Because all the counting words follow a single se-
~quence, children who have learned the meanings of “one,” “two,”
“and “three” may come to realize that each word in the sequence de-
‘notes both a distinct, discrete set of entities and a distinct magnitude
(Wynn, 1992). Number words, on this view, serve as links for com-
bining representations that exist independently of language but that
‘have no privileged relation to one another.

This view predicts that mature representations of large, exact nu-
~merical magnitudes will show language dependence, whereas mature
representations of small sets and of approximate numerical magni-
tudes will not. Studies of bilingual arithmetic and of numerical pro-
- cessing in language-impaired neurological patients provide some sup-
port for these predictions (Dehaene, 1997; O’Kane and Spelke, 2001;
~ Spelke and Tsivkin, 2001).

Languages of the Brain

My case study in comparative, developmental cognitive science sug-
gests a set of tasks for cognitive neuroscientists. We need, first, to
- chart the homologies between human and nonhuman cognition: to
find and decipher the languages of the brain that are common to hu-
mans and other primates, and even to more distant animals. There are
likely to be many such languages, in my view, embodied in distinct
brain systems. If that hunch is correct, then cognitive neuroscientists
can use the increasing array of tools at our disposal to study these sys-
tems at multiple levels and in multiple species.

Number

Although many have proposed that knowledge of number is depew :
dent on language, this claim remains problematic (see Chomsky,
1986; Bloom, 1994; Gallistel and Gelman, 1992; Dehaene, 1997},
How could language be the source of our “number sense”? If it were,
then how could knowledge of counting and arithmetic ever develop in
children? Could abstract properties of the language faculty (recursion;
discrete infinity) be harnessed for other domains?
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The task of cognitive neuroscience will not end, however, with the =
charting of these homologous systems, for we need also to explore the
distinctive ways in which humans combine their systems to form new
concepts and new solutions to problems. I am speculating that
monolingual person may have just one language of the brain for com
ing expressions for his or her diverse mental languages. When h
solve problems that only we can solve, or think thoughts that only
can entertain, the multiple languages of the brain may communies
with one another by means of a single language that we also use to ca
municate our thoughts to one another. Discovering how this interr
communication takes place in the fluent adult, and how it emerges in-
developing child, could challenge cognitive neuroscientists for some tin

Note

I thank Linda Hermer-Vazquez and Raoxiao Frances Wang for their collab '*
ration and the participants of the Harvard/IPSEN conference for bracing dis-
cussion, Supported by a grant from NIH (HD23103), j

1. Young children do reorient by a nongeometric landmark, such as a wall of
a distinctive color, when they are tested in a much larger environment such
that the landmark appears at a considerable distance (Learmonth, New-
combe, and Hurttenlocher, in press). Room size appears to be the cntml
variable, for such children fail to reorient by the same nongeometric land- i
mark when tested in an otherwise identical environment of the size of the
room used by Hermer and Spelke (Learmonth and Nadel, personal com-
munication, 2000). In a large room, it is possible that a distant, asymmet-
rically placed surface that contrasts with its surroundings in brightness will
serve as a compass signal for humans and for other animals (Mitrelstedr,
personal communication, 1996; Wang and Spelke, 2000).
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