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we compare the sensory and motor capacirics of humans 10 those
primates, we discover extrnsive similantes. Human wisnal and
¥ capacities closely resemble those of rhesus monkeys, for exam-
do the nevral mechanisms that subserve these capacites (65,
0 and van Fssen 1991), Human locomution and other actions
lepend on systems shared hy many animals (e, Thelen T984).
imilarities strongly suggest that the psychology of humans 1
wous with that of nonhuman animals and depends on a commaon
schariisms.
compare the cognitive achicvements of humans to those of
man primates, however, we sce suriking differences (1able 10.1).
have to find and recognize food, for example, but omly
velop the art and science of cooking. Many juvenile animals
lay fighting, but oaly humins arganize their competitive play
red games with elaborate rules. All animals need o under-
hing about the behavior of the marerial woshl in arder w
g off liffs or stumbling into obstacles, but only humans sys-
their knowledaoe as science and extend it o encompass the be-
Of entitics that are 1o far away or too small tu perceive or act
S 3 final example, all socal animals need 0 orpanize their soc-
nly humans create systems of laws and political inssitstions to
band enforce them.
It abour human copnidon that makes us capable of these
s chapter, T consider two possible answers 1o this queston.
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Table 10.1

Some unique feas of human cognidon

Cooking Theater Sosncs
Muszic Archirecture Palinis
Spurts Tood manufacmre [ aw
(rames Mathemarics Religion

The fiest answer guided my research for 20 vears, but | now believe thar
it is wrong. The secoml answer is just beginning to emerge from cescarch
conductezl over the last decade, and I think it has 3 chance of being mghe,
Both answers center un the concept of core knowledge, which I can beg
introduce by mrming ro the first answer.

10.2 What Makes Us Smart? Uniquely Human, Core Knowledye
Syitems

Accordimg o the first answer, the cngnitive capadnes of any animsl Je-
pend on early develaping, domain-specific sysrems of knowledge, |ust as
infant animals have specialized perceptual systems for detecting partcu-
lar kinds of senaory information and specialized motor systems guiding
particular kinds of actions, infant animals have specialized, task-specific
Cogmitive systoms: systems for representing material objects, navigating
through the spatial Liyout, recognizing and inleracting with ather ani-
mals, and the like. These specialized systems provide the core of all
matuse cognitive abilities, and so whatever is unique o human cagnition
depends on umique features of our early-developing, core kmowledge
systems. At the rovt of owr capacities to conscruct and learn physics,
for example, may he a distinctive core system for representing material
objects and their motdons; at the roor of human mathemarics may b
uniguely human core systems for representing space and numbser; and at
the root of human paolirics, law, and pames may be distincgve gj.'stn.-:l'rlif'l'-'l'
repredenting people and their social arranpements,

This thesis supports a partcular ressarch agenda: to understand what
is apecial abour human cognition, we should study core knowledge sy8
tems as they emerge in infants and young children. Such studies have
been condwcted over the lase 30 WEATH, anad ﬂ:u:_l,r ndeed SUBRCST that his-
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man infants are equipped with core knowledge systems. Mevertheless,
the systems found in young infants do aot appear o distinguish us from

em for perceiving objects and their motions, for Alling in the surfaces
d boundaries of an object that is partly hidden, and fur representing,
continued existence of an objece thar moves fully ouc of view. Evi-
dence for :hqu ;b:']il:iﬂ comes from studies uting both rmhinp, methads

pment by Wynn (1992a) serves as an n:mmp[f: ok rJ:u:: [:m:r
g (1 '5"?1: figpare 10.1) prﬁafmﬁl S-month-nld infants with a | pup-

'- ed, concealing the puppet, and a r-l.-cnnd puppet appearcd from the
side of the display and disappeared behind the screen. Finally, the scoeen
Wats lowesed to reveal one or two puppets on the stage, and infanes”
dooking, time at these displays was measured and compared. If infants
ililed e0 represent the existence and the distinctness of the rwo puppets
gefind the screen, then the outcome display presenting one pupper
hould have looked more familiar 1o them, becanse chey had only ever
EN 2 single puppet on the stage at a time. Because infants tend o look
omiger at displays thar are more novel, infants therefore should have
Bked longer ar the display of rwo puppets. In conerass, if infants rep-
Esented the contnued existence of the firse puppet behind the scroen, the
Bigtinet identity of the second puppet when it was introduced from the
e, and the continued existence of the second puppet behind the screen,
ien the outcome display presenting only a single puppet should have
ke more novel to them, hecause it suggested that ane of e puppets
d mysterionsly disappeared. Infancs indeed lovked longer ar the one-
Pet outcone, providing evidence thar ehey perceived and represented
#0 puppets in this evenr,

L Wynn's expeniment has enjoyed many replications and extensions (see
fmn 1998, for review), Notably, it has been replicated in studies that
fhtrol for infants’ representations of the fearures and spadal locarions
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Frgure 10.1
Schernatic depiction of diplays for a study
siating, momericilly distiner ehjecs wing & pee

Wymm 1992a.)

of infanms” represcoations of P
Feecntial leoking method. (Al
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depicrion of displays fos studses of ubjecr represenration using seach-

g and locomotor chuice methnds. [Afrer Feigenson, Carey. and Hauser 2002
dl‘.‘wnllr Carey, and Prevar 2001,

= objects (respectively, Simon, Hespos, and Rochar 1995; Koechlin,
Racie, and Mchler 1998); infanes look longer ac arrays presenting the
ong nuimber of objeces, cven when the shapes, colors, and sparial
anions of the objects in buth displays are new. Wynn's findings also
¥ been replicated with older infanes in experimenss using rwo dil-
nt methods, vach focusing an 4 different response syseem: manual
= '-""‘" in a simgle, opagque bux containing onc or twa objects, and lxco.
®or choice between two such boxes (Feigenson, Carey, and Hauser
Van de Walle, Carey, and Prevor 20013 figure 10.2). In studies
- ﬂ:: laner method, for example, infants who have just begun to
'-' e independently are shown twa cookies placed in succession into
: 'u=- que box and one cookic placed into 3 second box, and then they
' etl wo crawl poward one or the other box. Infanes were found
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Figure 10,3
F:Enpplns of abject represcatation in human infancy. (Afcr Spelike 1950

10 crawl preferentially ta the bux with the greater aumber of conkies
[Feigenson, Carey, and Flauser 2002, These converging findings from
three paradigms seggest thar infants have robust abilities to represent the
persistence and the disnnctness of hidden objects,

Summarizing these and other smidies, | have proposed chat h@m
infants represent objects in accord with three spatiotemparal consrraintt
on ohject motion (Agare 10.3). Infants represent objects as cohesve
bodies that maincain both their connectedness and their boundanes
they maove, as continuous bodies that mave only on connected, '-l-ﬂﬁh'
strucred paths, and as bodies thar ineerace if and only if they come _IEH-‘
contact, Despite some controversy in the ficld, T believe these conclusions
are well supported (Spellee 1958). Nevertheless, there is no eisud e
think that the core system for representing objects, centering on the co87
straints of cohesion, confinuicy, and eoNTACE, 15 unique to homans. Repr
recencational abiliries that equal or cxceed those of human infants have
heen found in a varety of nonhuman animaly, including both adult
monkeys and newly hawhesd chicks,
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, Hauser has presented Wyon's sk o adult free-ranging rhesus
monkeys, using all three methods used wich infants: preferential Inoking,
manual search, and locomoter cheice (Haunser, Carey, and Hauser 2000;
‘Hauser, MacNeilage, and Ware 1996). With all three methods, the per-
formance of adelt monkeyvs equaled or exceeded thar of human infancs.
Humans evidently arc nat the only creatures to represent objecrs as
spatotemporally conmauous bodies.

- The monkeys in Hauser's experiments were adules, but cipacicies o
represent objects have been found in infant animals as well. Indeed, dhey
hawe been faund in chicks who are only 1 day old. Investigators in reo
laboratories have used an imprinting method in order to present newly
haoched chicks with some of che objocr representation tasks wsed wich
human infants (c.g., Lea, Slater, and Ryan 1994, Regalin, Vallorigara,
and Lanforlin 19935}, As iz well kaown, chicks who spend their firss day
of life in solaiion with a single moving inanimare abject will rend w
approach that object in preference to vther objects in any stressful sins-
tion. In a variery of studies, this approach pattern has been used to assess
chicks’ representations of the hidden object. In anc ot of studies, fur
example, chicks who spent their first day of life with a center-occluded
nbject were pliced on their second day of life in an enfamiliar cage (2
maodezately stressful situation) with two versions of the abject ar appasire
in which the previously visible ends of the object either were con-
Becisd or were separated by a visble gap. Chickes sclectively approached
the connected object, providing evidence thar they, like human infanes,
: perceived the imprinted object to continue behind its oceluder (Lea,
» and Ryan 1996; see alsy Regoln and Vallomigare 1995; figure
In further studics, chicks were presented with events in which the
mprinted ohject became fully occduded. Even after an extended oodu-

08 period, the chicks selectively searched for the occluded abjece, pro-
Viding evidence that they represcnred its continued existence (Regolin
INd Vallorogara 19495),

these findings swygest thar a wide range of vertebrates have carly-
Beveloping capacities w represent objocs. The core system for repre-
fating objccts found in human infants dues not appear to be vrique o
$° A0 20 cannot in iself aceount for lawer-developing, uniquely human
lites eo reason about the physical world,

il
10
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Figiere 104
Schematic depiction of an experiment on object neprescoaton in 2-day-old
ehivks using an impontng rtasl, [Adver Regolin and Vallortigara 15835,)

101L2.2  Number Sense
Perhaps studies of abject representations fail 10 eeveal uniquely human
capacities, hocanse object representations are so closs to perception and
2 fundamensal tu many animals. Cur human capacities for soicnce
and technology, hewever, depend greatly on the development and wie
of mathematics, Moreover, formal mathemanes is a uniguely human ac-
complishment, Perhaps 2 core sysmem for representing number distin-
guishes hueman cogninon from that of noabuman ammals and serves 23
the hasis for the development of machematics, technology, and science.

Research on nermal human adules and on neurological pademis pro-
vides evidence that representations of numhber and operations of arith
metic depend in part on “number semse™: a sense of approximate
nuenericnl values and reladonships (Dehaene 1997; Galliseel and Gielman
1992). ‘The performance of this system is characterized by Weber's laws
as numerosity mereases, the vanance in subjecis’ representations of
sumerosity increases proportivnately, and therefore discriminabality be
rween distinct numerosities depends on their difference rano, Docs this
number sense derive from 2 core cugnitive system that s present @
innfznrs?

Recently, Fei Xu, Jennifer Lipean, and [ have addressed this quesnodt
through studics of 6-month-old infans® abilides wo diseriminate berwoed
larpe numerosities. In our firse stadies (Xu and Spelke 2000b), in fanis
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g for discriminacion of % from 18 or 12 dos. * indicares a sipnificany dif-
ce. (AMer Xou and Spelke 20000

wene presented wich wvisoal arravs of dos on g seccession of rials, On
different mials, the dos appeared m different sizes 2nd ar different posi-
ligns, but there were alwiys 8 duts in the array for half the infants and
"_ dots for the others. 'I'o contal for display brighmess and sizc, the
dises in the more numerous arrays were half the size, on average, of those
in the less numcrous array and appeared ar twice the density. Dot areays

Vere pressared wnnl mfans’ spontancows looking ome o the arrays
'P.-.' i I'j <] ]'I:'I“ ils :illiliall l:w]- Tllr.l:l i ANEs were P‘I’E.“T.“EIJ w:il:];l FE4
irrays of 8 and 14 dogs in alernarion, cquated for density and doc size. IF
Mants responded to any continuous properties of the dot arrays, they
should have looked equally ar the two test numerosities, because those
Arables were cquared either across the familiarizadion serics or across
e fest series, In contrast, i infants responded to numervsity and dis

Comingred the arravs with § verses 16 elements, they were expected o
' longer at the areay with the nuvel aumerosity, That looking prefer-
ENCE was obrained, providing evidence for numerosity discrimination at
S months of age (figure 10.5),
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In sulsequent studies using this method, infants failed to discriminge
berween arrays of 8§ versus 12 dots (Ku and Spelke 20000, providing
evidence thar their sense of number is imprecise, Maorsenver, mbants see-
essfully discriminated 16 from 32 dots and failed to discriminaze 16
from 24 dos (Xu and Spelke 2000a), providing evidence that dis.
criminabilicy acvords with Weber's law for infants, as it dees for adules,
and that the crirical Weber fracton for infants les between 1.5 and 2,
Finally, infants successlully discriminated between sequences of 8 versus
16 1oncs, presented with the same controls for the copmnwous variahles
of the duration and guantity of sound, and they failed 1o discriminate
between sequenies of B versus 12 toncs (Lipton and Spelke in pres).
These fndings provide evidence thar numerosity repressnlations are not
lirmated 1o & particular sentnry modality (visual or auditory) or feprisiar
(sparial vs, temporall, and that the same Weber fracton characiorines
discriminability across very different types of arrays, The sense of num-
ber Found in adults therefore appears to be present and functional in
g-month-old infans.

Dhses a1 cone sense of number account for our uniyvely human capacity
1o develop formal mathemantes? If it did, then no comparable evidence
far number sense should be found in any nonhuman animals, In facs,
however, capacities to discriminate berween numerosities have been
found in nearly every snimal tested, from fish to pigeons to rats to pri-
mates (see Dehacne 1397 and Gallistel 1990 for reviews, and figure 'l'lln_‘.i
for evidence from a representative experiment), Like human infancs, ank-
mals are able 1o discriminate berween different numerosities cven when
all pommially confounding contnuous variables ars conmolled, they
diseriminare Berween numerosities for hoth spatial arrays and temporal
sequences in a variety of sensory modalities, and their discriminati-fﬂl
depends on the ratio difference berween the numerositics in accord with
Webers law, Humans' carly-developing number sense therefare fails @
account, in iself, for our wniquely buman ralens for mathematics, me
sugement, and science.

10.2.3 Namral Geometry -
Refore abandoning my first aseount of what makes humans smaft. I
consider one last version of this account, inspired by Descartes (1647}
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matches approsimately the regquirm] number, and sesponees beoome increavingly
wariable as the numbers ger larser, (Admer Mechaer 1958

5 famously proposcd thar hamans are the only animals who are
pwed] with reason and thar human reason 15 the source of all our
stinctive cognitive achievements. Many of Descariess examples of the
s of reason come from the domain of geomerry. Descartes invieed os
I.i:‘ mnaidtr [h# [ k1] t.:lf i |.!l|i||d H{HE} wl!u..r ||.1.r]|.l} Wi :Ii.‘!h I|1.:|I ciass &l A
d from himself {figure 1007, top). Becanse the man is blind, he
ks any distal sensc for apprehending the distance of the stivks’ cross-
. point (c). Mevertheless, Descartes suggested, the man can use “naru-
il peowmerry’ to infer the location of dhis crossing point from knowledge
0l the distance and angular relation between his two hands at the points
At which they prasp the sticks (2 and b). Systemartic wse of Foclidean
Beumetric pringiples not only allows the blind man to perceive objects at




ke the one Landau, Spelke, and Gleirman [1984) presenced o young
hildren. In every case, the performance of aonhueman animals has
aqualed or exceeded the performance of young children.

mnst dramatic evidence for natural geometry in 8 nonhoman
mmal comes from smudies of navizatng deserr ancs (Wiehner and Ssini-
1981; figure 10.8), These ants leave their nest in the nearly fea-
ureless Tunisian desert in search of animals thar may have died and can
as foedd, wending a long and rortwous path from the nest unril food

Y
/ \ —  Irmning
g ¢ nprediceably mcnunttrrcd.. At chat poing, the ams make a straight-line
—+ Teat path for home: a path that differs from their outgoing joumey and rhar is
\‘ / guided by no heacons or landmarks, 17 the ant is displaced to novel ter-
ricory o that all potential landmarks are remowved, is path continees to
pe highly accurate: within 2 degrees of the correct direction and 10 per-
et of the correct distance. This path s derermined solely by the peo-
memic relationships between the nest locanon and the dismance and
firection traveled during cach step of the gutgoing journey, Ants there-
fore bave 2 “namral geomerry™ char appears o he ar least equal o, if oot
uperior to, thar ol homms.
:3 0 summarize, humans indeed have earlv-developing core knowledze
rseens, and these systems permir a range of highly intelligent behaviors
and cojrnitive capacities including the capacity to represent hidden ob-
0T, [ estimate numerosioes, and o navigate through the sparial lay-
aut. In cach case, however, nunhuman animals have been found to have
Capacities that equal or exceed those of homan fants, The core knowl-
ge systenis that have been studied in human infants 8o far therefore do
account for uniquely human cognitive achievements, It remsins pos-
of course, thae ather core knawledge systems are unique to humans
account for unigue aspects of our intelligence. In the absence of
Mawsible candidare systems, however, 1 will tum instead ww a different
ot of uniquely buman cognitive capacitics.

a S— b

I

Figure LT

Togr: shemarc representation of the blind msn’s problem, (Afrer Descarnss
1647.) Borsom: schemate depaction of 2tk prescated o sl and w blics-
folebed pesung children., (Afwer Landan, Spelie, and Gleitnan L985)

Almost 20 years ago, Barbara Landau, Henary Cleitman, and 1
arrempted to test Descartes's conjecture by presennng a version of his
triangulation problem to young blind and blindfulded children :I_-,ulu:]au,
Spelke, and Gleitman 1984; figure 1.7, bottom). Children were intro-
dueed inte 2 eoom containing abjecty at four stable locarions, amul they
were walked bewetn the objects on specific paths. For example, 2 child
might be walked from hee mother seated in chair flocation A] o a 1able
(location B, a box of toys (lacation ), and a mat (locarion L¥), Then the
child was asked 10 move independently from one abject w anather 02 0
path she had nos previously saken (eg., she might be asked oo take a 10F
from the box and put it on the table, iraversing the novel path frem (210
B Note that the same principles of Euclidean geometry thar allow su_t'ﬂ-'
tiom of the hlind man’s stick problem should, in principle, sllow solynen
of this triangle problem. Both blind and blindfolded children solved the ;
problem reliably, providing evidence for Descartes's thesis thas humans b
are emlowed with nawral geomerry.

Pace this endowment account for uniguely human reasening ahi]ﬁkﬂl?
OInce again, smdies of navigation i other animals are pertinent 1o thit
¢laim, and they provide resounding evidence against it An excecdingly
wids range of animals have been abserved and tested In naviganon rasks

B3 What Makes Us Smart? Uniquely Human Combinatorial

..'._hl-.. 'E

'|: supgestion | now explore beginsg with the thesis thas humans and
HBEr animals are endowed with carly-developing, core systems of knowl-
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[ TT1 1. ] e ge but that these systems are limited in four respects. First, the syscema
Ll L 15 domiain specific: cach seTves to represent only a subset of the enmties
| . :-'___ hild's surroundings. Second, the syseems are task spedfic the repre-
; 3 ﬁ"l ,; .-i[_ —_ ons fmg:ru:tcd hn- cach 51..'5.r:m wuicle 1}_1!1]-' a t?.thﬁtt of the actions
"QEE T “L 1 4 od cognitive processes in the child’s repertoire. Third, the systems are
T 1 P " mvely emcapsulatnd: the internal workings of each system arce largely
| | .} e 13 servious [ odher representations and cognidve processes. Fourth, the

| | i { | 1. L reseniations delivered by these eystems are relatively folsted from one

| FIIILL LT e ons tha ed by dis 4

T T = '2-'-"‘:;:!“ | _:i_. her r-:p-rlr:'btnmnnns t are constrected by disdnct svstems do oot
_ 1 il 1 y combine tegether. :

I '\E:"“‘r B '_ 1 [he core knowledge systems found in human infants cxist throughout

i Krad i L b uman life, and they serve 1o construce domain-specific, task-specific,

| R ] L capsulated, and isolated representations for adules as they do for ia-

. | i | _ B 11 ns. With development, howewver, there emerges a new capacity to (om-

: J|'r'1_'|_ = — pine topether disting, ¢ore representations, This capacity depends on

i : i Y 1 gpstem that has none of the limits of the core knowledge systems: it

' ! 11 \. p peither domain nor task specifie, for it allows representations o be

e . | ! I phined across any conceptual domains that humans can represent and

- T o . . | P"‘?w""-l? : i be naed for any tasks that we can underseand and undertake. Is rep-

e ! i EERE 'ﬁ"[‘—‘ entations are neither encapsulated nor isolated, for they are available

ekt LN T T . plany cxplicic cognitive process, This system is a specific acquirss] natu-

HELER, 1.0 . ' \ t L language, and the cognitive endowment that gives rise o it is indeed

L pe : : i ] Ly hique to humans: the human language faculty. Namral languages pro-

— e h:mum with a unigue sysem for combining Hlexibly the repre-

Figure 10.8 Entations they share with other animals. The resulting combinations are

Path taken by a desert ant during it onrward (thin ling) and homeward (thick
line) jawrmey in familiar ferogsry, (ARer Wehner and Senivasan 1981} Wity
sirmilar behawior was observed after a displacement rhar removed all local spanal

CUCE,

Blone 10 humans and account for unique aspects of human imelligence.

To illustrate this suggestion, | will briefly describe the owo lines of
esearch thar led o s emergence. First, [ prosent a senes of stdies on
hildren's developing navigation and sparial memory, conducred in eal-
ation with Linda [lermer-Vazquez, Ranxian Frances Wang, amd
phane Gouteux, Then, 1 discuss a barger body of research on chil-
developing concepts of number undertaken by Susan Carey and
elt, wath numerous collaborators and sudents.

Space
animals are endowed with rich and exquisitely precise mecha-
Bms for representng and navigating through the spatal layour, the
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Figors 109 )
Schemaric and smplificd depieman of theer tasks preseoved o rars. (A Bighs

and Murris 1993, 1996.)

navigation af nonhuman animals sometimes shows intercsting Lmits. I
experiments by Biegler and Morris (1993, 1996; figure 10.3), for exam.
(e, rats learned quite readily oo locate fuod by searching in 2 particular
pevcentric posinon (e.g., the norheastern commer of the wese chamber) or
by scarching near a particular landmark {eg., in the vianity of a white
cyhinder), bur they had more dificulty learming o search In a particular
geocentric relationship to a particular landmark {c.g., northeast of the
white cvlimler). Although rats evidenty vould represent that food was
located “northeast of the room™ or “at the cylinder,” they could ot
readily combine these represeniations so as to represent that fond was
locared “northeast of the cylindes.”

A& similar limit has appeared in experiments by Cheng and (;al.li:i'tfl
{Cheng 1986; Galliszel 1990; Marpules and Callistel 1955 In their
studies, rars were shown the location of fiond, then were disoriented, and
fimally were allowed o reotient themaclves and search for the food. Rars
readily reoriented themselves in accord with the shape of the wom, but
nut in accord with the brightness of it walls, even rhough experiments
dating back to Lashley show thar rats can kearn 1o respond aclectively W
white versuz hlack walls direcely. Although the rats’ reonentation syseem
evidently represented that food was located “ar a corner with a fong wall
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Figare 10.10

F aks and performance of young children tested in a version of Cheng's (1986
peorienizion Lask o wheels 2 oy was landden and scarching wes mezsured =t L
oot kocatinn [, the geometrically equivalens locatan (R, and dhe nesr and
far, poometrically disumet lecatons (N and F). (e Heoower and Spelke 1984}

on the lefr,” it did not readily represent char food was locared “ar a
comer with a sdite wall on the left.” Like Biegler and Morns's studies,
these smdics suggest a limit o the combinarnrial capacities of ras in
navigation Lasks.

- Hermer-Vargquer and T sought 10 determing whether the same limit
Exisls in children; to our surprise, we found that ir did. In our studies, 1.3
.-IF}rﬁf-ﬂ1Li children were tested in g situation similar 1o {'.hl,‘:r'lg’ﬁ, i
which they saw an abjecr hidden in a cormer of a receangunlar room, they
Were disoriented, and then they searched for the object (Herener and
Spelke 1994 1996; figure 10.10). Like {heng®s rars, children reorienocd
themsclves in relation to the shape of the room bue not in relaton w che
wlorimg of i walls, In subsegquent expenments, children fGiled w re-
Ofient in accord with wall eoloring even when irwas made highly famil-
BE (through experience over several sessivns), when it was highly stable,
When it was 2 successful divect cue for children in 2 sk noc involving
feorientation, and when the distinctive wall coloring was presented in a
trlindrical room with no geomerrically disdnerive shape (Goutenx and
Spelke 2001; Wang, [lermer-Vazquesz, and Spelke 1999),
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Research in other labaratories confirms thae children aze highly pee.
disposed to reorient in accord with the shape of their surroundings, and
that mnder many circumstances chibiren fail 1o reorient aceord with
nusgeometric infurmation (Learmonth, Madel, and Newcom he, in press:
1.earmonth, Mewenmbe, and Humenlocher, in press; Stedron, Munakars,
and O'Reilly 20000, Roth rams and childsen do show scrsatavicy @ nen-
geomerric mfurmation in some CircUmMstENces, herwvever (eg., Cheng and
Sperch 1998; Dudchenke eral. 1997; Lewrmenth, Meweombe, and Hue-
senilocher, in press; Stedron, Munakata, and OFReilly 20001, possibly by
means of 2 mechanism that circumyvents geocentric navigaton altogether
and logates food by matching specific views of the environment 10 stored
“mapshos™ (eg, Carowright and Collers 1983; see Collem and 2zl
1998, for discussion),

In hricf, both children and rats can leamn w search to the lefr or right
of 2 geometrically defined landmark, and they can learn o scarch di-
roctly a1 a nongevmetrically defined landmark, bur chey do not readily
cn::-m‘lni.nn: thess two sources of informaten so as to search lefe or nght
of 3 nungeometrically defined landmark. In comtrast human adulis
cested wnder similar circumstancss show this abilioe quize readily {Gou-
tewx and Spelke 2001; Hermer and Spelke 1994), What accounts fiar this
differene?

Developmental rescarch by Hermer-Vazgues, Makert, and Munkholm
12001} suggested that the transition te more flexible navigation is closely
related 1o the emergence of spatial language. In cross-sectional rescarch,
the transition was found to occur at about & years of age, around the
time that children's language production shows mastery of sparial ex
pressions involving left and right, Further studies of children at this
transitional age revealed thar performance on a productive language task
with items involving the rerms keft and right was the best ;n.:llu:-:u_' af
suocess on the reoricntation task. Spatal language and flexible naviga-
tion therefore are correlated, hut are they causally related?

In wn initial attempt to address this question, Hermer-Varquez, Spelke;
and Karselson (1999 figure 10.11) rerurned 1o stedies of human an:lnll.E,
psing a dual-task method. If spatial language is cousally involved 1n
fexible navigation, we reasoned, then any task chat interferes with sub-
jeces' productive use of language should interfere with their navigaton
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_r g5 and performonee of adults ieted in the reorieneanon sk meed wirh chal-
ren, under conditions of no incecference (left) o of verbal or nonverbal iorer-
ference (nght), (After Hermer-Wongues, Apelle, and Kasneluws 1999

as well, Accordingly, adulis were tesed in Henner's reorientation task
while performing one of two simultanenus interforence casks: a verhal
shadowing task thar interferes specifically with lanpuage prodoction, or
anverbal, echythm shadawing task that is equally demanding of aten-
tiopal and memory resources but does not involve lanpuage. Althouph
rhythim shadowing caused a general impairment in performance, subjects
in that condition continued tn show a flexible pamern of reoricneation in
accord with both peomemic and nonpromemic informaton. In contrast,
jects in the verbal shadowing condition performed like young chil-
dren and rats, reonienting in accord with the shape of the room bur not
'_:' accord with its nongeometric propertivs. These findings provide pre-
iminary evidence thar language production is causally involved in fexi-
ble performance in this reorientanion sk,
Why might language make humans more flexible navigarors? One
le angwer relies on the combinatarial properties of languape. Per-
BApa the most remarkable property of natural language is ity composi-
honality: onoe 2 speaker knows the meanings of a ser of words and the
Mles for combining those words topether, she can represent the mean-
25 of new combinadons of those waords the wvery first dme thar she
Aears them. The composinonality of natural languages explains how it is
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possible for peapls to understand whar they hear or read, when viriually
every sentence they encounier is now to them. Chice a f"*]""l:'-’il'-'fr knows the
synractic rules of her natve language and the meanings of a set of term,
she will understand the meanings of any well formed exprostions using
thoss terms the first dme that she hears them, and she will be able 1o
produce new expressions appropriarcly without any further learning.

Although the compesitional semantics of a namral language is ine-
cate and not fully understoud, ene thing is clear: the rules for combining
words in a sentence apply irrespective of the core knewwledge system that
constructs the represencations o which each word refers. Once a speaker
has learned the expression Lyt of X and a set of terms lor people, placey,
numbers, events, abjocs, collsodons, emonions, and other eonties. she
can replace X with expressions thar refer to entities leom any and all of
these domains (e-g., [t of the bowse where the happy old man cooked 2
14-ponnd turkey for bis fanely List Thanksgiving), Natwral language
therefore can serve as a medium for forming represcnrations that an-
scend the limis of domain-specific, ¢ore knowledge systems.

More specifically, the naviganon experiments of Cheng and Hermer
suggest thar humans and other animals have a core system for repre-
senting geometric properties of the spatial lavout (mn the werme of Cheng
and Gallistel, a “geometric module™). Lefi-right relanonships are dis-
tinguished in this systean: a rat or 3 child who has seen an obiect hidden
left wf & long wall scarches reliably to the left of thac wall rather than to
it right. Children therefore may learn the meaning of the wrem lefr by
relating expresions involving that term to purely geometric representas
tons of the environmens, Studiss of the visual syszem suggest further thar
children also have relatively modular systems for representing informa-
fion about colors and other properties of objects, and these systerns may
permit children to learn the meanings of werms for colors such as bl
and for environmental frarores such as wwll, Onee they have learned
these rerms, the combinarorial machinery of namral language allows
children to formulate and understand expressions such as left of the
bl pall with no further learning, This expression cannot be formulated
readily outside of language, because it eroascuts the childs encapsalated
core Jomains. Thanks to the language faculty, however, this expression
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g 0 Tepresent this conjunction of informanon guickly and Oexibly.
Guch use may underlie adules’ flexible spatial performance.

10.3.2 MNumbhor

& far, | have suggested that natural language allows humans, and only
humans, to represent combinations of information such as “left of the
Bhue wall.” Docs langnage alse allow humans 1o construct new systems
of knowledge? Research an children’s changing concepts of number i
peginning 1o suggest thar it may,

| have already described two lines of rescarch providing evidence thar
Buman infams and other animals represent numerical mformarion. Firse,
experiments by Wynn and others reveal that infants and nonhuman po-
mares can represent the numerical identity of cach object in a svene, the
samercal distincmess of disaner objects, and the effects of adding or
subtracting one object. Second, experiments by Xu and others reveal tha
infants and many nonhuman animals can represent the approximace
numenasity of a ser of objects or events. These rwo capacioes, however,
appear to depend on disting systems: human infants and adult non-
heman primares do not sponznesusly combine them into a syseem of
edpe of natural nusilier.

" Evidence for the distinemess of core represenations of small aumhbers
of objects, on one hand, and of approximate numerical magnitudes, on
the other haml, comes from four ypes of experimental findings. Firsr,
tations of numerically disonct objects show a ser size limur of
about 3 for mnfants {4 for adult hemans and for noshuman pramates),
mhereas representations of approvimare numerosities are independent of
sige: infanes and nonhuman primates con disgriminaes egqually well
between sers of 8 wversus 16 and 16 versus 32, for example (Xu and
Spelke 2000a,b). Sccond, represenrations of large approximate numes-
o&itics show a Weber fraction limit berween 1.5 and 2 for §-month-old
Mdants, heoween 1.2 and 1.5 for $-month-old infants, and abour 1.15
bor adult humans le.g., Lipton and Spelke, in press; van Ocfielen and Vos
1382), whereas representations of aumcrically disonct objects do not:
Minnm con discriminate 2 from 3 objects, even though the Weber frac-
Bon iz below their chreshold. These contrasong limics create 3 doubles
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Table 102 . o _
Dissociations berween human infams’ pepresentations of individuals and their
mumerical dispncencas, and of sets and thesr cardinal values

e Tedividuals Sotr

o Limite de discriminaiig

Ve sig Dienir of 3—4 ! -
Weber bmitof L3-2 - 4
b Rubwstress over stimmlies variamons

Variation in visibility + .
Wariation in elemst iz +

disspciation herween representations of small numbers of objects and
representanions of sors (rable 10.21a) _

4 thicd fnding that differentiates hetween representations of objects
and sets concerns the cffects of occlusion; representations of |1u||'|-:ri|:a|!1_r_
distinet objecs are eubust over occlusion, whercas representations of
ApproxImATe UMeTOSites are nat Although human infans and -
kevs who wimess the ssccessive introduction of individual objects into
:n-npaqur b can represent that a box with 3 abjects has more ubjects
than 2 box with 2, they fail o represent that a box with § chjecs has
mare objects than a bux with 4, even though the ratio difference between
thess numerosities is above their Weber limit (Feigenson, Carey, and
Hanser 2002: Hauser, Carey, and Hauser 20000

A fourth differsmee concerns the effects of variations in properscs of
the items to be enumerated such as their size and spacing: sepresentas
tions of large approximate numernsities are robust over such v:arl.:lljuns-:
whereas representations of objects are not. Human infanrs dj:u:r-mmatf: 8
from 16 items on the basis of numerosity when item size, iem densifF.
Glled arca, and torl arca are varied— findings thar provide evidence Iha.!
they repesent large numbers of items as forming a set with an appros-
ate cardinal value. In contrast, infanes fail to discriminage 1 ieem from
3 ar 2 items from 3 on the basis of numerosity under these conditions
(Clearfield and Mix 1999; Feigenson, Carey, and Spelke 2002; Xu :I.I:IliI
Spellee 2000a). This larer finding suggests that infans represent smal
numbers of objects as distinet individuals but not as forming & sct, whose
cardinal value can be compared to the cardinal values of sets composed
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of oher, numerscally distiner objeces. The third and fourth Andings con-
etiture 3 =cond double dissociation berween representations of small
‘purnbers of abjects and representations of large approsamace numero-
gigies (cable 10.26).
- Comsiderable cvidenoe therefore suggests thar human infants are
dowed wach two dotingt systems for representng numerosity, Chae
gretem represents small numbers of persisring, numerically distiner indi-
ridmals exactly and rakes account of the operation of adding or removing
one individual from the scene. Tt fails o represent the individuals as a e,
powever, and therefore does not permirt infanes o discriminate between
different sets of individuals with revpect to ther candinal values, A e
and system represents large numbers of objects or evenss as sers witch
dimal walues, and it allows For numencal companson acruss sety, Thiy
syseem, however, fails w mepresent sets exactly, it fails 1w represent the
members of these sets a3 persiating, numerically disaner individuals, and
therefore it fails w capture the numerical vperations of adding or sub-
tractng one. Infams therefore represent both “individuals™ and *sers,”
bt they fail to combine these representations into cepresentations of
“gete of individuals,”
! The concepr “awe of individunle®™ ix central e counting, simple anth-
mienc, and all nateral number concepis, If infants lack this concept, they
should have troukle understanding natral number erms such as rwa.
Moreover, young children should miss the point of the verbal counting
_'-- ring, even if they learn o mimic this routine, A rich body of research
_i!'ﬂrHr.'n evidence thar preschoal children have both these problems
Aruson 1988, Gnfhn and Case 1986, Wynn 1390, 1332b).
" Most children begin verbal counting in their second or third year of
life. For months or years thereafter, however, they fail to underssand the
meaning of the rounne or of the words that comprise it Ressarch by
-":""' (199, 1992b) provides evidence thar children’s understanding
develops in four steps (table 10.3). Ar stape 1, when they frst begin
sounting, children understand that one refers o “an abject™; if they arc
'T"' 0 a pacture of one fish and a picmure of thres fish and are asked
for ong fieh, they poine to the correct picture; if they are allowed o
LOURE an array of toy hsh and then are asked o gve the experimenter
e fish, they offer exactly one object. Ar this sape, children also
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Tablc 103

The development of children’s understanding of numiber words and e counting

rovutioe, |Afu Wynn 13390, 1992h.]

Age

Underseanding «of aumber words and counting routme

2a2.5 yeis

2,5 125 year

3.15-1.5 years

3. 5=adule

O designares “an individual.” .

Tawss, three, .., SEx, ... deuguate "0 st

Cnr designase: “an individual.” .

T:rrr.'r dt.sl.i:ml.tﬁ vz ser composed of an wdivideal snd

annther indiadwal.”™ i
Thred, oo o o 505, .. deilERatE vy ger nthee thnm Bed,

desipnates “an individual ™
%:E ﬂi:i o set composed of i adivadusl asd
another indroadual.” L
Three desipnates "2 o1 compeoted of un_m_-:h-:d.tal.
another individwal, and stll anuther imdividoal.
EONF, ... $i%, . designate “a see nthics than deo of
H:irm“ 5. - -
Encls anmiscr word deignates ™a st of inchvaluals,
The =t desismancd by each numbe voord coaraims
“yae more individsal” than the ser designated by the
previous word s the cmming rodine.

understand chat "
one object. They never polnt 10 2 priure of one ob

puint te fawo fish wr six fish,

all ather number words apply ta arrays with more than
jecr when asked o

asked for more than one.

Mevertheless, stage 1 children hav

picoures of owo fish and of

with treo fish, they point a random. sorenver, when they are 4

10 count an arzay of objects and then are asked o mve the
e of the numbers of abjects dest
ing routine, they grab a handtul o
19920}, Ar this srage, childeen da o
bility of specific number w:;rﬂds v:.hanp;?- 1:
clanged by addition or subtraction: 1 CRUGH YN,
pile of cight fish and then :hr:[t:-.: :—:: E:; Tﬁim:mfg:lﬂm oy

will cominme to MEmLGEIn

and they never produce just one abject when

¢ wery limized understandings of the
eneanings of the words in their countng rouine, When they are El-'lm"'l'l
three fish and are asked to poing to the picise

experunente
griated by a word in their own count-
f objoces ar random [Wynn H:‘J“:
¢ even understand that the ;npplﬂs_*
hen the numernsity of a st 5
ddren are allowed to count 3
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-T-'é- pved (Condry, Spelke, and Xu 2000), For stage 1 children, ome ap-
pears to refer to “an individual™ and all ather number words appear o
pefer 1o “some individuals™ (in the informal sense of “more than one™).
er about nine months of counting experience, on average, Wynn's
children work out the meaning of the word neo. Ar this stape; childeen
earrectly point o or produce two alyjects when asked for two, and they
2oint to or produce zrrays of more than two objecs when asked for any
arper number, Theee further months sulfice for children o learn the
meaning of three. Finally, children show comprehension of all the words
n their counting routine, and they use countng when they are asked for
't er numhbers of abjects. On average, it 1akes childeen about 1 1.3
years of expericnce with counting before they achieve chis understanding.
does it take childees 20 long 1w learn the toeaninegs of wosds hke
faie0? | suggest that frvo is difficuls oo leam hecanse it refers to a ser of
ndividuals,” and such a concepr can oaly be represented by combining
information across distiner core knowledge sysiems. Children readily
lea: m part of the meaning of one by relaong this word to represencarions
gonatriscted by their core sysiem for representing objects: they learn
that o#e applies just in case the array concaing an ohjecr. Children also
teadily bearn part ol the meanings of the other number words by relanng
Each word o represenmations of sers comstructed by their core system of
number sense: they learn thae (ep) sy applies juse in case the areay
0ftains a scr with an approximate wndinal value, To learn the full
ning of teo, however, children must comhine their representations
ndividuals and sess: they must learn that oo applics just in case the
comeains 2 set compased of an individual, of anvther, numerilly
ginee individual, and of no further individuals {Agare 10.12). The lexi-
M tzo is bessrmed slowly, on this view, becanse it must be mapped
P _hnﬁ:usl}' B PEPERRnIAiong Fremm pwes disting core domains,
Children cventually are able to learn the meanings of fwo and three,
IeeaLse the sets of individuals 1o which these terms refer are within both
IE det size limit of their system for representing objects and the Weher
limit of cheir system for represendng sers. Larger numbers,
i £, exceedl both ehese limits, How da children Prigness froaen
BEFRN'S staye 3 o stage 4 and work out the meanings of the wrms for
E Brper numbers within their counning rounne?

~
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ceptual comhbinations, Those combinations, i turn, may depend on
Step lmE g’ v dags = e 03 pamral language of number words and of the counting routine.

_ grpdies of children’s learning of number words and counting there
ﬂ{rﬂtm‘-“—l “F'-F'“Il_’::_'m e arc consistent with the thesis that language serves as a medium for
ﬂ B {"::J i ynbining core representations of numerosity and constrecung nareral

- sber concepts. To test this thesis, huowever, we must go beyond the

Swep “Two dogs” correlational evidence with children. One way to do this s o

m;mm"""--- e ™ Hﬂmlu_ whether the counting words of a specific natural language are cavs-

| [dhng +dop) fmiber rEps. by involved in number representations in adulis. Ressarch with Sanna

[ et jwkin and Gail ('Kane suggesrs that they are (O'Kane and Spelke
Step 3 {001 ; Spelke and Tsivkin 2001; fijgure 10.13),

e dogs” This research used a bilingual training merhod. Adols who were pro-

[objec Mﬂ_—.-"# -----m'”ﬂ“ hcient in two languages [Russian and English or Spanish amd English]

 idog = dog + dog) ruaiiber T, re taught different sers of number facts. In some swdics, the faces

I — | e8] 1 re 0 the domain of arithmetic: for example, adults mighe be taught

Figare 10.12 o memorize the cxact answer w a two-dige addition problem. In ather

Hypothesized linkapges between nusber wurds and core systems ol fepresenta-
tiom at the Brse theee soeps in children®s developmg understznding of couaring,
number words, and the nanral members

pdies, the faces appearcd in stories and concerned the ape of a charac-
e, the number of peaple or objects in a scene, the date at which some-
thing occurred, or some measured dimension of an objece. In each smdy,
_ ajects learned some facts in one of their languages and some facts in
The sbove analysis sugeewis 2 possible answer. Once children have Frin cach la a piven fact could N

- P " nguage, 2 given could conéern a large exacr
mapped frue and three both o l:!lr:r q-'ﬁl:v.-::iﬂf rc_pt:nﬂllfl;ﬂl:f:‘;ﬂ;i;: me iy, a larwe approximate numerasity, or a small exact number of
and o their system for representing scts, Ihey are i A post _ sbjecis. Smudy marerials were presented unml subjects could retrieve all
ywo things. Fiest, relating the counting routine 1o the system ol .nijct _‘ o0 corvectly and easily.
representation rﬂ:":'a!ﬁ thar the F""-‘H“fﬁi'-"“ from tuo 0 "TEE ll:; ﬁ After learning each fact in just onc language, subjects were tested on
counting routine is marked by the addition of ome individual 1o the st QR oh their Langmagrs, and the smounts of fime needed ro
Second, relating the counting routine to the system of number sens

Is that th ccsion from fwo to thres is marked by an increase '-11 in the trained and untrained language were compared. Tor
reveals that the progo ¥ ficts - i . b
i the cardinal value of the sct. Children may come to understand hath approximate numerosities or small numbers of wbjects, there

the workings of the counting routine and the meanings of all the words i " mﬁaﬁeﬂm:;; :ht mlti El];:é:ﬂ‘::' “:h:
sis by peneralizing these discoveries 1o all ather steps i the = SOERCE : F[w.
-:uﬂ:cu:;::b:nﬁumw . ,hTh:Lt . children may achieve stage 4 when they realize and small cxace number facts were sepresented independently of

b ; = for aduls, a5 they must be for infanis and nonhuman animals.
. , e di- 3
that every step in the coUNTnE rounine i miarked by the suetessive 3 R niract, for facrs abeut | hers. ther o
Gion of one individual 5o as 1o increment the cardinal value of the sct of s for about large exace numbers, there was a disting

; T vantage to performance in the language in which a fact was trained.
individuals. Because these representations excesd che limis of all the B i e e i o
child's core knowledge sysiems, these realizations depend on claborat 7 SRS drew pecific namaral languag
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arning, Faces about large, exact numbers: the language in which thuse
£ s were presented.

| These Andings aml others (wee expecially Dehsene e al. 1999} begin o
aiest that human number representations have ar least three compa-
I.“. % [see Dehaene 1957 and Spelke 20000 for more discussion). For very
,-,,,. Il numbers, these representations depend in part o whar it often

shyn 1994): a system for representing small numbers of objects (up 10
ur). For large approsmamate numerosities, number representations de-
pend in parr on 2 system lur reprEenting approximare numerical mag-
' iDehaene 1997; Galliseel and Gelman 1932). For large exact
merusitcs, number representations depend in part on each of thess
and inn part onoa spesific natural language.

1 have considered two possible answers o the queston, Whar makes
ans smart? According o che first answer, human inrelligence de-
pends on 2 biological endowment of species-specific, core knowledge
svstems, According to the second answer, human mntelligence depends
on cure knowledge syszems that are shared by other 2nimals and on
0 umiquely human combinarorial capacity that serves to conjuin these
TEpresentations to create new sysems of knowledge. The later capaary,

fur combining the representations delivered by core knowlodge
Om the second view, therefore, buman intelligence depends both
3 st of core knowledpe svstesns and on the human language bcaly,
ent research on human infans, nonhuman primates, and human
Adulis now seems te me o favor this view.

*In closing, T attempt to situate this view in the context of debates over
& relation of language and thought. Does chis view imply thar many ot
Ir concepts are learned? Dues leamning a namral language change the
2L ol conceprs thar we can enrerrzin? Do people who learn different
Mnguages have different conceptual reperioires? Ta approach these
estions, | begin with once & prior objectdon that s commonly raised
inge all these possibilinies,
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104.1 The Narivist's Objection: Learnability of Natural Languages
Natural languages are learned by childeen who hear people talk abow
the things and evens around them, In order for chis learning o be pos.
sible, however, children must be able to conceptualize the things and
events around them in the righs ways: children won't, for example, learg
the meaning of coww unless they can relate the utterance of the word
the presence of an object in the extension of rthe kind “cow.” The later
representation is only possible if the child already has a workable con-
cept of cows and a workable procedure for idenrifying instances of thar
concept. Thass, it would seem that language gives us a vehicle for ex-
pressing nur concepts but docsn’t provide a means 1o expand our con-
copts: we don’t learn new concepts by leaming 2 naroral language.

My response to this argument is to geant i, Childeen learn many of the
wards of their language by reladng those words 1o preexistong concepss:
the voncepts that are made explivit by their core knowledge systems, In
particular, children learn the rerm leff in relation to the preexisting con-
cept “left" that is pravided by their geometric system of representation.
This conceps, which is shared by rars, is surcly independent of language,
as are the child's congepts “hlue” and “thing,” which allow her oo leam
the words Mue and thing. Moreover, children cannot learn, through
language or any other means, any concepts that they cannot already
represent. 1f childeen cannor represemt the concepr “lefr of the hlue
thing.” as Hermer's researvh suggests, then they cannot learn o pepro-
sCnt IL

Matral languages, howeves, have a magical property, Once a speaker
has learned the terms of a langeapge and dhe rules by which those terms
combine, she can represent the meanings of all grammatcal combina:
tions of those terms without further learning. The compositional seman-
tics of narural languages allows speakers o know the meanings of new
wholes from the meanings of their parts. Although a child lacking the
concept “left of the blue thing” cannot learn ir, she does not need 10
Having learned the meanings of left, blue, and thing, she knows the
meaning of the expression left of the hlue thing. Thanks to their compe
sitinnal semantics, noiural lanpuages can expand the child’s canceptual
repertoire 1o include not just the preexistng core knowledge concepts
hut also any new well-formed combination of those convepts.
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0.4.2 A Whorfian Research Program

¢ the compositionality of narural language semantics gives ise to
-_-,. flexible human copnidon, then the thesis that language pro-
Juces new concepts cannot be ruled our on Iegical grounds, and both
his thesis and the possibilities that follow from it become open 10 -
pieal pest. One much-discussed possibility thar can be pursued in this
text 15 Whorf's thesis thar the members of different culturss amd
language proups have different repertoires of concepis. Mate that no evi-
or arguments in this chapter support Whor's thesis. If the combs-
parorizl properties of language that produce new coneepls are universal
) human ];]n;;u:u;ﬁ., then u|:|.'i:|:|l|::|}' hwman cnnv.‘cptu-:l capacities
e _ be universal as well. Questions abour che extstence of culiral dif-
ferences in human conceprual capacities therelore hinge in part on gues.
dons about the orgins and natwre of compositional semantics. How does
positional semantics work? Is theee a single, universal compositional
emantics that applies to all languages, or do languages vary m ther
eombinatorial properties? How dn children develop the ability (o use the
compositional semantics of natural languages?

Althouph | cannot answer any of these questons, I close with a final
juggestion. Studies of cognition in nonhuman animals and in human
mfanms, and smudics of cognigve development in human children, may
thed light both on our remarkable capaciey for combining word mean-
mgs into complex expressions and on vur corresponding capacty to
enmbine known concepts into new ones. Tweo dificule quesnons faced by
Bnguists and other cognitive scientists are (1) what are the pomitive
building hlocks of complex ssmantic representations? and (2) what ars
he basic combinatorial processes by which these building blocks are
asgembled? Research from the fields discussed here suggests a general
ipproach o these questions. The building blacks af all cur complex
1=k tations are the representations that are constructed from indi-
¥idual core knowledge systems. And the basic processes thar combine
them are the processes that chililren use in constructing their first new
Conceprs. Smdies of cognition in nonhumsn ammals, in human infanes,
and in developing children therefore may shed light on central aspects
Both of our uniquely human capadty for language and of our oniqucly
furmnan capacity for bulding new systems of knowledge.
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