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INTRODUCTION

Experts in the fields of human speech and birdsong
have often commented on the paratlels between the
two in rms of communication and its development
(Marler, 1970a; Kuhl, 1989). Does the acquisition
of sang in birds provide inxights regarding learning
of specch in humans? Thig review provides a critical
assexsinent of the hypothesis, examining whether the
simikaritics be(ween the 1wo lields go beyond super(icial
analogy. The ofen cited commonalities provide the
topics of comparison that structure this review.

First, lcarning is critical 10 both birdsong and
speech. Birds do nor learn to sing pormally, nor
infants to speak, if they are not exposed to the vom-
manicative signals of adults of the species. This is an
exveption among species: most animals do not have 10
Ie exposed to the communicative signals of their xpe-
¢ciex 1o be able ta reproduce them. The fact that babies
and songhirds share this requirement hay intrigued
ACICNLINTE,

Sevond, vowal laming reguires bath perception of
~wnd aad the capacity 1o produce sound, At birth,
sty human infants and ongbirds have been hypothe-
wzed o have inmate perceptual predispositions for the
vsaal behavior of their own species. We review the
natnre ol the predispositions in the two cases and
1he e of whether they are similar. Given that inpate
predlispunitions exist, another important guestion is
Liow ~nhaequent experience alters perception and pro-
b vnn in each cse. Moreover, vowl perceplion and
guealan tion are tightly interwoven in the vocal learn-
wip pracess, We examine what is known about the

P ode \dapied and reprinted, with pormiscion from the
wiliwrs aad Wwonn the . fuwl Revier of Newrotriente, Valumse 22,
CEr by Ao Reviews wasw annualreviewseorg. The sections
speendcl neurul cubsirtes for sang and speech learning

te Y ao CLaerahyation® (pp. 806—609) z2nd on *poxsible

relationship between perecption and pruduction anc
wherher in these different vaaal leasmers it is simifar.
In addition, neueal substrates of vocal communica
tion in humans and birds have often been compared
Human brains are asymmetric and language tend
to be organized in the left hemisphere as opposed t
the right. Birds are also often axsumed 10 show simila
hemispheric specialization (or song. What are the rea
paralfels between the neuml subsirates io the two cases
Finally, critical (sensitive) periods are evideneed 1
both species. Neither birds nor babicx uppear 1o lean
their communicative signals cqually well atall phases o
the Jfe cvele. This raises the guesions ol whar canse
the change i the ability to learn nver time and war
expenence, and whether the wiuses are the same v
human infants and sangbirds, And i the plastcity ¢
the brain is altered over the hife cyele, what neurs
mechanisms control this chanpng ability to leamn?
The research reviewed here relates to ongoin
work in devclopmenial binlngy, cthology, linguistic
cognitive psvchology, und computer scicnee, ias we
ax in neurascience, and should be of ingerese ta indivy
duals in manyv of these fietds. What vur review reveal
is that although 1the comparivonx between birdson
and speech arc not ximple, there is a surprisingl
large number of arcas where it is fruitful 16 compay
the two. Going beyond the superficial analogy, how
ever, requires xome vaveals about what may be compai
able and what cleasty ix not. In the end, understandin
both the similaritiex and differences wi)l provide
broadee spectrum in which 1o view the acquisition ¢
communicaton in animals and humans.

ncural mvechanixms underlyang the <ensitive perad and itk ck
sure” (pp. 618-619) have been omirted. The reader is referred

rclevant chapeers in rthis volume {or ceviews of mure recent wao
on neoral mechanisms.
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language ean be amalyzed from the siandpoim of
semantics (conceplual representation), synlax (word
aeder), prusody (1he pitch, rhythm, and tempa ol an
vitesance), the lexicon (words), or phonology {the
elementary buslding blocks, phonemes, that are com-
bined ta make up words).

Speech, and especially it development, has been
iniensively studied a1 the phonological level Phanetic
vnits are the smallest clemenis that @ aler the mean-
ing of 3 word n any Janguage. for example the differ-
cnce between /r/ and /17 in the words “rid™ and “id™
in Amerian Englich. Phonemex refer to the phonetic
uniix crivicat for meaning in 2 particolar language. ‘1'he
phoneiic dilference berween /r/ and /17 s phonemic
in English, {or example, but not in Japanese. Each
phonctic unit zan be deseribed as 2 bundle of phonctic
lfeatures that indicate the manner in which the sound
was produced and the plce in the modth where the
armiculators (tongue, lips, teeth) were placed o create
the sound (Jakobson ¢4 1., 1969). The acoustic cues
thet signal phnnciic units have been well documented
and include both spearral and cerpona) féatures of
sound (Figure 2.1) (Stevens, 1994). For instance, the
distinction boiween /d/ und /g/ depends pomarily an
the frequency content of the inieal burkt in energy st
the beginning of the sound and the direction of formant
Irancitian change {Figure 2.1A, B). An example of a
1eoyporal acoustic dimension of speech is volce-nnset
time (VOT), which refers 1o the Uming of periodic
laryngeal vibraiien (vowcing) in relation to the begin-
ning of the syltable (Figure 2.1A, D). This timing
difference provides the enitiaal ¢ue used 1 identily
wherher a speech sound is voiced or voiceless (e.g.
/b/ versus /p/, Jdo/ veraus Jro/) and w a classie
distiretion used in many specch studies.

Which aspects of birdsong can be usefully com-
parcd with gpeech? Rirdsongs are distinet from bird
cAlls {which ave bricl and gencrally not learned), last
ivom a few seconds 16 many eas of seconds, and, like
speech, consist of ordered sirings ol sounds separated
by briclxilent intervals {Figure 2.2), The smallest level
of song uxually idemtificd is the note or clement,
dehined s 2 continuous marking on a seund speciro-
gram; (hese may by anslogous to the smallest units of
speech, or phoncuc unitx. Notes ean be grouped
tagether to form sylablex, which are onies of sovnd
separaicd by silent intervaly. When singing birds are
interrupied by an abropi bight flash ar sound, they

complete the syllable before stopping (Cynx. 1990);
thus, syllables may represent a basic processing unit
in birdsong, 3s posited (or speech.

Another (cature that birdsang and language share
is the conspicunus timing and ordering ul components
on a limescale longer than that of the ryllable. Seng
syllables are usually grouped together 1o form phrases
or motifs (Figure 2.2), which an be a yeries of iden-
ncal or dilerent syitables. Many songbirds sing seveeal
phrases in a fixed order as 2 unit, which constistes the
song, whercas other species such as mockinghirds and
warbless produce groups of svllables in lixed or vari-
able sequences. The timing and sequencing ol svilables
and phrases are ravely random bt instead fmllow a eot
of rules panicular © a species. In the songbird liten-
ture, the ordering of syllables and phrasex in song ic
oficn alled song syntax. The same word applied 10
human speech, however, implies grammar. L.e. rules of
ordering words from vanous grammaliesl classes to
convey meaning Therefore, in thi review, we avold
uxing the word evntax for song and ximply usc
“order.” Thus, language 9nd song share » dependence
on sming on several nmescale a <horter timescabe
(on the order of tens of milliseconds), ac in phonemes
and syllables, and a longer once, vp 10 many hundreds
ol mithseconds (as in xvllable, phrase, and word
urdering).

Languagu is also characrerized by 1 boundless and
flenible eapacily 1o convey meaning, bul thix property
is not shared with birdsang. "The whale set of different
songs of a bird ic known as its song reperinire and &an
cary from one (in speciex such as the zebea finch nr whire-
crowncd sparrow) 16 several hundreds {for revew sec
Konishi, 1955). Numerous behavioral @indiex, wsually
using 1he receiver’s response, cugzest that songy commu-
nicace specic and individhal ideanity (including “neigh-
bor™ and “stranger™), an adverlisement for maung,
ownerstop of terriony, and fitness. Some bisds with
muliiple cong 1ypes use difitrent songs for terrimrial
advectisement and for mate atraction {Catchpole, 1983;
Sarey ang Nnwicki, 1998). Nonctheless, large song
repertaires du not xcom t convey many differem mean-
ings, nor deres gong have the complex semantics of human
sprech. The dehnitions above fuggest that 1he phonology
{sound soucture), the rules for vrdering sounds and
perhaps the prosod v (in the sense that it invelves control
of {rcquency, nming. and amplitude) are the Jevels at
which birdsong can be most uscfully compared with
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language., and more specifically with spoken sprech, and
are thus the focus of this review.

VOCAL LEARNING IN HUMANS
AND SONGBIRDS

Which animals are vocal learners?

Many animals priduce  complex  communication
eouads but few of them can and must leam these
vocal signals. Humang are consummate vocal tearmers.
Afthough there i emerging evidence that sovial faciors
can influence ncauslic vanabibily among nonhuman
primates {Sugiur, 1Y98), no other primates have yer
been shown 10 learn their vomaliations. Among the
mammals, cetuceans are well known 1o acquire their
voral repertoire and 1o show vocal mimteey (MeCoawan
and Reciss, 1997); there are alsu some hats whase voca-
lizadons may be learned (Boughman, 1998). Among
avimy species, soaghirds, the parrat family, and ome
hummingbirds meet 1he enteria for vocal learning, bul
the term hivdsong is wsually reserved for the voaliza-
tons of passerine (perehing) songbirds and thac is the
focus of 1his review. The many thousands of songbird
species, a8 well us the purrots and huromingbirds, stand
in striking contrast to the paaeity of mammalian vace!
lewrners.

Nonbuman primaics @n, however, make mean-
inglul use of voulizanons for instance. vervets usce
diferen calls o imdiente different categories of preda-
tars. Production of these callx is relatively noymal even
in young vervels dad does nar appear 0 go through a
period of pradual voual develspment, but these animals
must develnp the correct axcoviutions of calls to pre-
darorx during carly omaogeny (Sevfarth and Cheney,
1997). What songhinds anad humans share is not this
develspment uf associations ol vocalizirions with
objects or actions, but the basie experience-dependent
aremnorizatnon of sensory inputs and the shaping of
voecil olpuly.

Fvidence for vocal learning

"I'he basic phenomenology vf learning of song or speech
is styikingly simiksr in songhirds and humans [nilial
voalizations are immarure and unlike these of adulis:
ixibics babble, producing vonxsnaat-vowe! syilables
ihat are sorung tagether (e.g. hababa or mamuma), and

young songbirds produce suhsong, sofl and ramhbling
sirings of sound. Early sounds are then gradually
molded 1o restmbie adult vovalvarions. The result of
this vocal development s that adults produce a slereo-
1yped zepenioire of aveusie elements: these are rela-
vvely fixed for a given individual, but they vary
berween individoals und groups (as in languages and
dinlects, and the individoally distinet songs and dialects
of songhirds within 1 pacticular species). This variabil-
sty 15 a reflection of the fact that voaal production by
individuals i himired 10 a subset of all sounds that can
be produced by that specics. Layered on op of rthe
developing capacily 14 produce parficular scousdic ele-
menis is the development of cequencing of thesa ele-
menis: (or homans this means ordering sounds 1o creaic
wurds and, at 2 higher level, sentences and grammar; in
birds this means sequencing of clements and phrases of
sony in 1he appropriate arder. An impariant ddlerence
16 rermember when muking comparisons s that the
numcrous [nnguages of humans urc not equivaleni 1o
the songs of differcnt species, but rather to the indivi-
dual and geographica) variations of songs within a

specics.

LEARNED DIFFERENCES
IN VOCAL BEHAVIOR

Thar the development of 3 mature vocal repertoire
refleets leaming cather than simply rhe expression of
innate programs is apparent (rom 2 number of observa-
tiony. Mast important, for buth hirds and hurnans, there
exist group differences in vocal production that clearly
depend on expericnee. Obviously, people lcam the lan-
guage 1a which (hey ure exposcel. Moreover, even within
a specific laogoage, dialects can identify 1he specific
region of the counrry in which 3 pearson wat raiscd.
Likewise, songbirds 1eam 1he songs sung by adulx o
which they are exposed during developmeni: this can he
ciearly demonserated by showing that birds aken from
1he wild as egps or nesdings and exposed 10 ancelared
conspectfic aduirs, or even simply 0 ape recordings of
the song of these aduhs, uhimately produce normol
sangs that match those 1hat were heard (Marles, 1970b;
Thorpe, 1958, 1961). Even more compelling are crose-
fostering experimends, in which birds of one xprcies
being ruiscd by another will learn the sang, or aspetis
thereof, af the (nwiering spedex (Tmmelmunn, 10469).
In uddition, many soagbirds have song “dialecrs,”
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partacder comarellarony of someta Eeateres this s sl
defined and resereted 1o ksl prographic ars Jus s
with husnan dshects, these amy dimlecn are cultirally
trpmmmbtiod (Marler and Tamurs, 19625,

YOCALIZATIONS IN THE ABSENCE
OF EXFOSURE TO OTHERS

Anorher lne of gvsdencs spporimg oacal learmms
the develupment of shoormal viealizarions when
harmanyg op ks wirh normel hesrng are molly (s
Lated amd thwivline e cuposed i the socalmatoms ol
athers. The nerd fro suditory eupirmno of sther n
beisns. o fusdesi o the (Femmaiely rore) sbimlers ol
chuddren ruises erther mm dbmsermul sl sttmes, 6 0
it wasy af the Califerm gisl, Genw, sho was ralsed
with almast i soctal contaet (Frombkin & of, 1974), o
in comes i whiedy abarmdoned chilidren were radsed guie
Titerally bn the wild [Lame, 1978). These and ather
dcomerand maanos o stich st el sormal
hesmmy wern Aol coposed 0 harmsn apoech. previde
sirarmanie evidores i i the sheenas of hearing speech
from others, speich dues not devibsp normally.
Simitarly, swghirdy coblecved o neerlings und rabosd
iy bsnilarmm. Gt adili song priiducg very shooomal
g (oalied *waslesr” soogsh (Marler, M0 Tharpe,
1958, This meed b el mudibry utoring b boes
ermomsirtad w i sk verery of saghids (e eoces
wer Caichpole snd Slaner, 1953, Womestona aml Sille,
1wy, Serikinggly, alibough solate songs are simplifie)
wimmprared whil miel, lesrmed sg, ey stlll shos
same festwey of specics-speofic song [Marler and
Shwrrean, 13

Dom caivent shonst winddees ol bobiicd somghands o
hipmnana mthat many sapeers of developmemt e shered
i ddelayed im owich shoormal rearing  oondition.
Monethelem, the pemilin of wabithin m o and
sarighieds ire in selking comrae in those seen with
s il Choaldy melaied g, simh s nonbuman
pramires snd nomsnghinds seth i ohcbme m wlom
vocafirstmms develop relarvels mormally corn when
pimuks ary pabsid o gomplets sk ol
(Rongshe, 1908, Roroodsms, 1985 Beviorib amd
Chimex, 1%7) Lo comlbinsions with the potent effects.
if purtocislus Sontic igun o Ty of vocal etpa
prosbscesd, shew roushiy demosurae bow crnzieally b
biridsaing and speech leernmg dopend i e midirry
vuperrence pruvidel by bessing sthiery vecaliss

THE IMPORTANCE OF AUDITION
IN SFEECH AND SONG

The importance of hearing we's twn
wiscalizatinns

Voual tesrming, shared wath few sther sndmals. is sl
evsdens m b Gt that both hsmans sl sonpiwrds s
scwtels depesdont or the alnlrn o beer themzive m
srder s develep narmal vocahaaties. |Human infanis
fwerny comgeninally deaf do mon scquars spoben langoags,
although they will, of eourse, bowrn o ttuml sgn -
uage if exposed v i (Perirm, 19%3), Deal indants shaw
dhmermalities very sarly in habbling which s an impus
wi iy o carhy by acgaidien Al sboas T
b of sge. rvpeally develspeng inhenis s ol
inirares will proslsc this form el ipevch. The habbling
il desil milfnitn, howerer, bs snaturatinmslly dedeyed ond
lacks the temporal sructure and the full range ol con-
womnant soamds of aermal-honng infen (Ol ol
Filers, 1988 Sissl-Ciammon and Choms, 1956) The
wromg dependeniy wl speech oe besrng el m b
ennprmes withi thar ol homans sh beomibe deal 5=
adulvd; thew apeech shows gradual derersramim br s
will proserved robidive i dhat ol deal’ dhilldeen [ Cowie
i Dol Ciwin, 1992, Woalitwrain, |9

Sarpbarih. are il okl dependens om bhearag
wirdy in Ty For ool vool keming. Althomgh
bt orber than wngtords, c.2 cheker, pradoce -
il vocahzstapin vin when deafened @ juvenies,
wnnghirds s be ahle m heor themmelvs in order
i develop mormdl song  (Kondshs, 1961, 1965h;
MNuirshohm, |%68) Soyhirds sill mag when desfonest
vimpeeg. bwa e purosdeace o vers sl ondestones
weries ol moondi thid afe mech jes snglie than o
kit abigre, afthogh b vares o epecies s apecis,
often anly o few fonturm of normal sngs are mans-
puipiil, primaiily thelf apprecaaig dyssibi (Mariee
il Sherman, [9ET} Ay sith humand, anos adil vocs-
decrimed drpendenig o bearng | Koniki, 1965, b
ww bk )

The effecs of deafruws in erly By do no difer-
aitbiis beywarn (b newd Tor Boering wibiers and a
evipuiremeni Tor hearing onssell while lesrnving to vocs-
fise In birds, howyver, thoe W aften & separation
berweea the peril o besring sdubi sng ond the
ot i vy boransens and ihis provided the opperm-
mity e demanstrze that wmg i bl s een
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Figure 2.5 Timclines of speevh and sony fcaming. (A) During the first vear of lile, infant perception and preduction of specch
sounds gn srough marked changes. (A, top) T'he develapmenta) milestones sssuscinted with listening to speech: (A, hottom) the 1ype
of soundx pmidaced throughout an mlant's finst yeas, lcading up to the meaningful proaduction of wordx. In both aspects of
develnpmient, infants change from being language-genceral in the carlicst months 1o fanguage-spectfic 10ward the end of the fissa year.
(B) Similar vmclines show the carly perceptual learning of xeasonal sangbirds (approximacch 2-1 monthy), followed by sensarimotor
learning in the fall and expecyally Yhe next sprini. In zebra (inches Lhis entire lcarniag akes place over 3— months, with the croical
period ending around 60 days of age, and much mare pverlap botween xensoury and sensorimotor phases (with ingiog beginnimg

arnund 30 davs ol age).
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communieation). “Thus, although auditory feedback is
mi as essentinl for ongoing vocal production in adult
Isirds and homans as in their vouny, it clarly has access
1 the adult vocal system, and can have damaric effects
an vocl behavior if it is oot well matchedt with vocal
osuput,

INNATE PREDISPOSITIONS AND
PERCEPTUAL LEARNING

Kev features of vocal dearning are the perception of
wounds, the preduction of sounds, and the (crucial)
Abjliay 1o redote the two. s the next xection, (wh Gues-
Guns, which roughly parallel the course ol vocal devel-
apment and have prepecupivd both speech and song
Wicntises, are sddressed. What are the pereepiial cap-
idities and innate predispositions of voa) Jearners at
she star ol learning® And what dows subsequent expen-
unee do tn pereeption?

Speech wd sung pereeprion and
production: innate predispoxitions

Lxperience Cerrly affeers voeal produciion in humans
and songbirds, bul there s compelling evidence thae
lcarning in both ¥pecies does not sceoc an a tubulo risu.
Rather, there is evideace of conxiraints and predisposi-
1ions that Hisx the organism in ways that assist vocal
learning.

Ar the most fundamental lesef, the physical uppa-
suus Ior vacalization constraing the vange of vocalizm-
aong (hat can be prodduced (Podus, 1990). What is
sarposing, however, ix thar mwr consimainix do nul
provide the strangext limitations on learning. Both bird
and human voes) orging are versatile, and althnugh
some xounds are pot pissible ty produce, the repertmire
ol humun and songbird soundx is large.

Looling bevend  these periphern) molor con-
strainis, there are centrally controlied perceptual abil-
ities thar grapel babivs and birds 1oward their eventus)
¢l the production of species-typieal sound. In
humanx, poreeptual srtudiex have been extensively
uned 1o cxamine the intial capacitics und hiases of
infants regarding speech, and they have provided a
wealth of daca on e innate peeparation of infants (or
language. Ar the phanctic level, classic experiments
xhow 1hat carly in posinaial hie, infhats respond (o
the differences between phonenic bnils used in all af

1he world's languayes, even those of languages they
have necer heard (Eimvas, 19733, b; Sirecter, 1976; for
review see Kuhl, 1987). [n these studies, infans are
tested using procedures that indicaie their ability
discriminate one sound from snother. Thesy include
the high-amplitude sucking paradigm (in which
changes in sucking rare indicwe novelty), as well as
1ex1s in which a conditioned head tum is used 1o signal
inlant discrimination. Thee sty demonsteate the
cxquisite sensitivity of infunts to the acoustic cucs
that dgnal a change in the phonetic units of speech,
such as the VO'T differences that distinguish /b/ from
1/ or the formant diflerences that xeparate /b/ Trom
/w/ or /t/ from /\/.

Moreover, a& with adalts, inlants show categorical
perception of xounds, a phenomenan initally demon-
strated in adults during the 19305 (Liberman ¢/ wl..
1967). Tesis of categorical pereeptinn use a computec-
generated scriex ol souads that continunpsly vary in
small steps, ranging from one syllable (¢.g. /ba/) 1o
another (/pa/), along 3 particular weouslic dimension
(in the case of /ba/ and /pa/. the VOT). Adult Iisten~
¢rs tend not to respand o the acoustic differences
between adjocent stimuli in rhe serics bul perceive an
abrupt change in the aitegany — the change from /ba/
to /pa/ - at a pardcular VOT (hence the name cotego-
rical pereeption). In adelts, categorica) pereeption gen-
erwlly accurs only oy sovunds in the sduht’s natve
languaee (Mivawaki ¢f af, 1975). Very voung infants
not snly perceive xounds categorically (Evmas e al.,
$071, Eimas, 1973a), but alko demonstrare the phenom-
enon Tor sounds lrom havgruages they have never heard
as well as ior sounds (romy their native languoage
(Strecter, 1976 Tasky er 2l 1973). These studies pro-
vided the (st evitdence that infants, ot birth, have rhe
apacity t disirminate any and all of ¢he phonetic
conirasts used in the languages of the world, a fetuse
of auditniry pereeption that greatly cahances theie
readiness {0r language learning.

Ler studies reecabed thar ponhurnan mammals
(¢hinchiflas and mankeys) respond 16 the xame discon-
tinuities i specch that humsan intanes da (Kuhl and
Milter, 1975; Kuhl and Padden, 1983). which sug-
gested (e human speech evalved o ke advanrage
of the exisung audirory apacitics of punhuman pri-
mates (Kuhl, 1986). Data alss showed thas human
inlant sensitivitiex exrended o nonspeech shuoeds that
vonnained seoustic Jimensions eritieul 10 speech bur
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that were noi identifiable ag speech (Juscavk e wl,
1977). These data @used a shilt in what was theorized
to be innate (Kuhl, 1986, 1994 Jusczyk, 1981} Initial
theories had atgued that humans were eadowed at birth
with “phonctic featuve derectiors™ that dehned al) pos-
sibic phonetic unin across languages (Eimae, 1075b).
These detectors were thought ta specily the universal
sct of phonetic units. When date revealed that the
Qitegnrical perceprion of speech was not resericied
humans nor to specch, theories were revised 10 suggest
that what was innate in humans wax an initin) digerimi-
narive capacily for xpeech sounds, rather chan a speu-
fication  of specch  sounds  themselves.  Infamts’
discriminative  @pacitiess are  currently as
“basic cuts” in auditory pereeprion. Thoweh nay pre-
aisc. they allow infanis o diseriminace the sounds of all
languages (Kuhl, 1944). Evidence supporiing this
comes [rom sivdies showing that, with txposure to

viewed

language, the securacy of diceriminanon increascs sub-
stunvally for native-language sounds (Kuhl o u/,
1997b; Burnham o 4/.. 1987). Thronsis noted that

(hT<e IRASIT percepriml abiiiries ~althnogh-nol vaigue
to humans, provided infanix with a capacyty 1 respond
to and agquire the phonology of any language.

A¢ with humans, voung songbirds hegin life
endowed with the capaciy for responding to the
sounds of their own species, belore they have done
any siaging themselves, Srudies of changes in heart
rate in young birds in response ta song playhack inini-
ally demanstrared thal hath male and female sparrows
innately discrimimate conspecific from heterospeaific
song (Dooling and Swarey, 108D). Meakurement of
whitc~crowned sparrow  nestling begging alls in
response 1o tape-revorded song wiso revealed the
much greater vocal behavior of voung hirds in respunse
o Meir own specie’ song than s alien song, providing
further evidence of inburn sensory recognition of con-
spexific xong (Nekson ond Marler, 1993). This assay
alka used simplified versions of these songs contaiming
single phrases or mndified songs with altered order, (0
begin to define the minimal acoustical coes eritian! for
this rccognition (Whaling ¢7 2/, Y397,

There is a subre but imporant dilference berween
most studias of innace predispositions in songbirds and
in humans, however. 1n birds, what hax been examined
is not diserimination of sounds within 2 set of possible
songs from a particular speaies, which woold be anslo-
gous 1o swdies of phonemes from difierent human
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languages. Rather, most studics have looked 2t Jearning
and listening preferences between songs of different
songhird specivs, This is nol posuble in humans
because one cannot isalate humans in order to ¢xposc
themn o the sounds of sther specics (to macague mon-
key alls, for example) to dowrmine whether they
would dom such calls. [n birds with whom these
experiments have been done, bath innaie conspeaific
song recogmition and peeference are evident in the
choice of models for learning sonp. A variely ol experi-
ments, ising tape plashack of tutar sang., showed rhat
songhirds prefer 1their own gpecies’ song over alien
songs as furar models (Marler and Peters. 1977,
14824). Songbirds arc capable of iminting alicn songs,
or a1 Jeast producing madified versiony of them, expe-
cinlly in sinimtions in which these are 1he only song
they hear. When given a choice of conspeific and
heterospecific song, however, they preferentially copy
the song of thuir vws species. They afeo usually make
much more complete arut accurate copses of the can-
xpecific model than of the alien song snd may ke
—langer—ta_lpaen_hesceagpecific_sone_(Konishi, 1983,

Marler, 1997; Marler and Peters, 1977). The ability to
compare different species has provided evidence that
there existy xame rudimentary model ol species-typicl
song cven in the absence of experience. In humans,
there 8 ne convinging experimental evidence tha
infants have an innate deseription of speech, but valv
a few preference tests analogous w 1hose in birds have
examined the sweue (c.z Tluee o al, 196G8), and the
results are pot canclusive. Maoreover, because infanis
hear their mothers® voices both through the abilominal
wall and through boanc conduction and have been
shown 10 Jearn agpects of spoech (prosodic cues) while
still in the womb (c.¢. DeCaxper and $pence, 1986;
Maoon ¢ nl, 1993) (see badow), ot will be difficult w
dewrmine whetber infanix are endowed with an innate
description of sprech priar 1o experience,

In birds, where there is an experimentally venfied
mnate cong preference, one ean then ask what aspect of
the cong 15 required for recognition. Marler and Perers
(1989) created svnthetic tutor songs with syllables from
two different species (the clasely related swamp spar-
rowy and song sparrows), arranged in (emporal pattcrns
characierisne of onc or the other specres. Using these
songy to tulor the 1two typex of sparrows, they demon-
sirated 1hat predispositions vary across spocies. For
insrence, swamp sparrows copied syllables from theice
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van apegics’ song, regardleig ol the (empanal arrange-
went of syllables in the synthetic tutor song. In con-
st song sparrows could copy svamp  sparrow
nutes, Bt onfy when these were ordered in the usual
wiultipart patern of song sparrow song Chu, for the
amp sparrow - critical cue (presumably innately
pedified) appears to be sylable structuee, whereas for
~ang sparrows it is syllable ordering ax well as sy [lible
srrugenre, Cortain aconstic cucs may also sepve asatien-
vonal {lags thar permit the aequisition ol haierospeetic
wotes. For instance, when the calls ol ground syuirrels
were incorparied IDlo Tutor soney that began with the
Loy whisthe unisersally tound in winie-crowned spar-
ron song, these sparrows could be shown to leam dhese
quirrel soundds. which they wauld normaly never
acquire (Suha, 1993).

In addition 1o the faer Outt most stadiex s birds
ampare specics, asother difference between the shu-
dies of inpate predigpositions for song and those (or
Linguage ledrning is (hat inomany cises e assay in
birds s the cang that the bird evemally prodaces.
\ny deduction of initisl percepnaal capacities (tosm
the $inal vocal oulput condnunds inthial capacitics wich
Aubsequent seinsory leasning and motor praduction.
Nonethelesx, the stddies of sensory capacines in birdx
wWilh heart mite or beeping calt meadaces provide direct
atpport $or the wea that birds innately yecogmize thar
awn xpeciest song. TIhis recogmition is presunicd o
underlie much ol the innate predisposition 1o learn
vouspenific song cvident in the Tartoring cxperimencs.
Thus, beatch humains and birds start sar perceptuslly
prepired for specitic vend Jearning. Tr may be thar
~ongbicus alva have more comples smte speciiicitions
ihan da hunans, or simply that the analogeus experi-
ments (pitling speech asiingl nonspeech soonds) have
ol been vr Gainnoel he done with hamans.

\nather way of csamining innare neasal Bisses is to
lissk e vocal praduction that eoverses prior 1o, or in the
awenve of, extemal acoustie miluenees. For ahvious
vaasong, relitvelt fese duteare available Teom humans,
Deaf babiex do babble, bur their produciions mpidly
beenme unlike thase of heanng infanis. 1 oa higher
tevel of kinguage anadssis, there is some evidence That
childien exposed snly 1o simple “pidgn® languages, and
eal children exposed (v no acoustic or sim linguagee,
develop some clemenis (words nr gestires, respectisely )
nul order them in o way 1hat is consistent with a rudi-
mennes [EURY IRJIIN

rrammar  (Peritia, Bickerion,

-

Goklin-Meadow vnd Milander, 1998). ft remains Jis-
puted, however, whether thix reflects an innste model
spetilic 1o lnguage (Chomsky, 1980 Fador, [983) or a
mure generl innate humian capacity o lear o segrnenl
and grosp comples xensory japuts (Elman o7 ol 196;
Batex, 1092),

Songbirds again pravide an opportunity 1o shudy
this issuc bewause analvsdz of the sope of birds ceared in
A variety ol conditinns can provide exeensive dat rele-
vant o the issue of what mav be innate in o vacal
learner. o normally reared sooagbicds, the song of
avery andividual bird within a species differs, but
there are enough shared characteristics within a species
That songs can also be vsed Tor spevics identification.
The wongs af birds raised in conplete ssolation vary
hetween idwvidinls bt ahway contam some of the
spracs-specific sructure, #lthawgh these songs are
much less complex than those of nroced birds: the
songs of & hile—crmened sparcow isolie< tend o con-
lain one or more sustalacd whivles, swamp sparrow
isolates xing a willed vertes of downsweeping (requen-
vien, and ooz sparros solaex proaduce o series ol note
sidered 16 wevertd separate sections. Faen when white-
erowned sparrows have eopicd nlien soag phrases, they
ofien add an “ianare™ whistle ahead of these (Konixhi,
1985 Mavler, 1997, 199%). Thas, theee i inmae inlor-
nation that procides rough constraints on the song
vien inhe ahvence nf eucoring experience. Sirtkigly,
almoxt il these fearures reyuive suditory feedback w he
prodaced. Beaawse hese ferures must be mrinakated
inlo veeal ootpu via cenvormotor learning, they can-
nol be complewchy prespecified mator prayoamx: 1hes
must isvohe xome sensary recoxnition and fecdback.
Thux. the inaaze mechanivms that diveet isolare snng
might beae xame reladonship ka the veural mechanisms
thar allow snate sensory cecopmition of s Recend
behavioraf evidence, however, sugests thar rthere i noe
cnmpiere overhhp between isolate song and the testares
lisund 10 be critical Tor innate conspecic recognition
(Whaling 7 «f.. 1997).

Innaie sensary recounition and leening prefer-
enves i borh hunrns and srngbinds suguest
there must be uadesdy ing genetic mechanisms. perhaps
specilying auditory civeuiiny specializa) for processing
complex sounds in special wvs. Ao advantage of xong-
birds ix that, unlike humans, theve are many ditferem,
but closely relared, speeies and cven subspecies of vocal
leorners tlur xhow tariation in their capacity 1o larn
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(Kroodsma and Canady, 1983; Nelson ¢f 2/, 1996). An
intriguing example 35 the recent result of Mundinger
(1993), who showed that the roller and border stexins of
camanies, which differ in note types, simply do nat learn
or retain in their songs the nole types most specific of
the other strain, However, hvdrid offspring of the two
breeds readily leaen both types. and analysis of the
patterns of inheritance of this capacity in these birds
and in back-crosses hax even begun to peint to chromo-
some linkage (Mundinger, 1998). Comparisong ol per-
ceprual and motor learming and heir neural subsirotes
in birds like these may facilitste eventua) understanding
ol the neural mechanisms contributing to innare biaxe
for vocal learning,

Pcreeptual tearning and the effects of expericnee

Although neither human nor songbird brain starts vut
perceptually naive, abundant evidenee in bath fields
suggests that snnate predispositions are subsequently
modificd by experience. In addinon, both specch and
song scientists are grappling with the guestion ol how
expericace alters the brain. In purely selective models
of learning. sensory experience simply sclects the
sounds 10 be used to guitle voal learning from an
extensive sel of pre-encoded possibilities. In puraly
instructive models, there is no innate information
aboul what is 10 be learned, and experience simply
ingcructs 3 wide vpen brain abour what Lo memarize.
In fact, studics of both song =nd speech arv convergng
on the idea that the mechanismk underlying kearning
are not described by either of these extseme models but
cumbing aspecis of ewch.

PERCEPTUAL LEARNING IN
HUMANS MODIFIES INNATE
PREDISPOSITIONS

Ax deseribed, a1 the phonetic level of language, infanes
initially diseriminate phanelic usits fram 21l languages
tested, showing that they perceive and atiend to the
relevant acoustic leatures that distinguish speech
wunds. By 6 months of age, however, infants have
heen affecred by linguistic experience and show recog-
nition of the specific phonclic uniss used in their native
language. At this age, they respond differendy to pho-
netic prototypes (best instances of phonetic cxegories)
from the native as oppused 1o 3 foreign language (Kuhl,

1991; Kuhl o 2f 1992). By 9 months, they have
tamed the stress paticrns of aave-language words,
and the rules for combining phonetic vnies (Juseayk
e1al., 1993), phrasal units Jusezyk ef ol 1992), and the
statistical probabilities of putential word candidaies
(Salfran #1 af.. 1996). Finally, by 12 months ol age,
native-language leaming is evident in the dramatic
changes seen in perceptual speech abilitien (Werker
and Tees, 1992) (Figure 2.3A). Infanis no longer
respond to speech contrasts dwat are aot used in theie
nalive language, even the ones rhat they did dixerimi-
nate at varhier ages (Werker and ‘Tees, 1084; Kuhl ¢/ #/..
1997b), Instead, vne-vear-ald infiaes show the pattern
typical of adule native-fanguage hsteners wherein dis-
crimination of foreign-language comrasts hax boen
shawn 1o be difficult: adult English speakers il o
discrimimate  Hindi  consonant-voact  combimtions
(Werker and Tees, 1984, 1992), Ameriaan speakers
fail on Spanish /b/ and /p/ {Abramson and 1isker,
1970}, and speakers of Japanese (ail 1o discriminate
Americon English /r/ and /17 (Masswaki o1 al.,
1975). The decline in the language-universal percep-
tion of nfants has been Jirectly demonstimated for
Canadian infants seted sequendially over time with
Findi contrasts (Werker and T'ees. 1984) and., moxt
recently, for Japanese infantx lisicning 1o American
Englich /1/ and /1/ (Kubl ¢f al., 1997h).

In humaas, there is evidence that perceptual learn-
ing of the more glotnl, prasndic aspects of language
acrually commences prior 1o birth. Scudivs using the
sucking and heact rate pacadigms show that exposure o
cnound in viero has resulied ia 2 preferenee of newhorn
infants for naave-language over Toragn-taingusge
utterances (Moon o af.. 1993), {ar the modher's voice
aver anather femak's voice (DeCasper and  Fifer,
1980y, and for simple swories the mother read during
the last tnimester over unfamilar staries (DeCaxper and
Spence 1946). This indicates that the prosodic aspects
nl burnan speech, inclading vaice piteh and the siresx
and intonation chasacteristics ol a particalac language
and speaker, awe iransmined 0 the ferus and are
learnable.

Alf these studiex on tearning in the first vear of bife
indicate that prioe to the time tha infants learn the
meanings of individual words or phrases, they laam o
recognize  general  percepual  characieristics  Uhat
deseribe phanemes, words, and phrasés thar npif
their native larguage. Thus, a5 a first siep toward
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woal larning. infants avidle agquire information about
the perceptual regularities that deseribe their native
bnvgtagee and commit them 0 memory in some form.
Understanding the natare of this early phonedic learn-
g und the mechanisms underlving i ts one of the key
scues in haman binguage development.

PERCLPTUAL LEARNING IN
SONGBIRDS

\ varien of eyperimenes provide evidence thar whar
orcurs in the Brse, oy senxory, phase ol sang learning s
the momaorization al’ the seasory template, Which s a
wbset ol Al passible vocalizations of the species
(Marler. 1970h). This phase is thus 1 many ways
anaognus tu the cirly pereeplual leirning of hunvan
infaors, The study of peccepruad learing in songhirds
shacix most xmiilar 1o <udies of bumans measures vocal
behavior of 10- 10 40-dav-old white-vrownel sparriws
in responxe 1o plasback of wrorad and novel umes
(Nelson 7wl 1997), Afier 10y perods of 1ape
uitoring with yairx of songs, mile whiterowned spas-
rows not only wve signihamrly more alls 1o tulre
songs Than aoonvovel sonps, they aba called ssEnificantly
maore to the sanz ol the par they would subsequemly
praduce than 1o the nonimirced ot of thar pair, This
suggests that the wocal asay rellected sunsany learning
that wisuld ultimately be used for vowal pecduction,

Mast studies of the <ensory karning penod in
songbirds, howeter, have aasessed what is learned by
uningg adull wong production s an assay, afier roring
birds cithur Jor shire blocks of 1ine beginning a4~
lerent agex or with changing scis of sangs for 2 long
pericdd  af 1ime  (Marler,  1970b; Nelson,  1907),
\feasuring kasming using song proaduciion may ander-
estimate whar g pereepiually femmed. Tn many of these
tatorg cxperiments, however, ithe sy ullimarely
prothuced retlecied expenences that had oceurred hing
Iefore the hirds hat hegun ta produce vocslizalioms;
there  studies, 1herefore, provide strong  evidence
thal the Grst phase of learning invalves ihe memoriza-
s of wng,

(i coniraxt (o the emerging datt on in ugero learning
in huntons, preharch or cven immediniely posthaich
experience has ne det been shown du have much inlu-
ence un song learamg. Rather, in ibe woll-stidied white-
crowned sparrows, the sensary period beging around day
20 and peaks in the nexe 30 days, with some acquisition

possible up to 100 ar 150 days (Baptista and Petrinavich,
1986; Marler, 1470b) (Figure 2.3). T'he iming of sensory
lsyming may be similar far many other saasonal speces
(Kroodsma angd Miller, 1996; Cachpole and Stater,
1993). Studies of zcbn finches in which birds were
separmed rom their vusors ar different ages sugypest
rthar dilterent aspects of the tutar xong sre memorized
in sequence, with the individual component sounds
being Jeamed firsst and the overall osder and temparal
pattern acyuired later (Immcdnvann, 1969). Careful com-
parisons of related white cromnad sparmow subxpeaies
arler jdentical learning conditions show thay genetics
also plavs a role 1n 1he exact viming of laming, hecause
subapecies of sparraws from harsh ciimues with shorv
breeding seasons bearn casdicr vl more 1han thar coastal
couxion (Nelwon 77 af.. 1U93). Such dillerences heeween
birds prvide an apportoniy 1o idennly the faciors
governing sensary Joarning.

HOW DOES EXPERIENCE ALTER
PERCEPTUAL ABILITIES (N
JITUNMANS!

The nioal stadies demonstrating cuegorniaal pereep-
tion of <peech sounds in infanis and ils narrowing with
Languige exposure led many speech thenrisis 10 1ake a
strongly nativist oy selective view ol speech leaming.
By this hypothesis, infanis were thawghi to be bisloyi-
ally endowed with either phonciic Tere detectors
that specined al the phonetic unitn oxcd across hin-
zuages (v Finnas, 1973b), or with knowledyge of al)
Linguiziically  signsficant speedh gestoves (Liberman
and  Matmngdy, 1985). The subxequent decline in
speech diserindination was seun as u process ol atrophy
of the prespecilied phonetic representations in the
absence of experience, Recent studics af langauges
and ol experience-dependent pereeptual maps ase
changing Wheories of language fearming and the rote of
innate and learned faciom in the acyuisition process.
Rarhee than geperience only zclecting from prespeci-
ficd categorices, expericnce 35 thaught o extablish mem-
ory representanons for speech thar specity ehe phonelic
units used in that language and that alter the pereeprual
svxtem of the infant (Kuhl, 1994), On thix vicw, experi-
enge is instructive as well ag selective,

Scveral lines of cvidence support this changing
view. For ane, cross-linguistiv studics show that acrass
tanguages. even asiensibly similar vowels (soch ax ahe
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vswel /1/) shaw a great deal of varisvion (Ladefoped.,
1994). ‘This suggesix that presworing all passible pho-
netic uniis of the world's kmguages would not b an
etficient process. A second Jine ol coidence agaist @
simple atrophy of phopetiv reprexentations {rany ek of
exposure is that, often, listeners are exposed 1o the
categontal varnlions that they eventunlly fud 1o par-
caive, For inzanee, approximations of both Englsh /r/
and /17 are produced interchangabl by Japanaw

adults, although they do not change the meaning of

words (Yamada and Tobkur, 1992) Japavesc infanis
are therefore expused Glbieit randomly)  carianis of
both /¢/ and 2/ sinnlarly, American infanix v
exposed o vanaus of Spanish /67 and Sp/l Ve,
both groaps will evestuatly il o respond to 1hose
distinctions, Finally, more detailed stubien on the
¢hanges in infant phonctic prreeptions brought abaut
by eaperieace suggest 1hat perceptual Jearning is nol in
{1 a simple senary memory of the seund patterns off
Janguzge. Inxceud, it seems 1o be a comples napping in
which pereeption of the underlying acouxtiv imen-
siomy of specch is warped o ereate 3 recomtion net-
work  that Appropeiale
diNerences amd mininuzes those that are not used in
the language (Kuhi, 1994, 1998, Kuhl and Mehzot€
1097). This warping of the onderliing dinensions i
language specfic such 1thay no adult speakens ul” any
fanguage perceive speech xounds veridically. Raer, i

emphasizex rhe phonctic

coch language group, perception isdistorred to enhance
rereeption of that fainguage: thix hax been called the
perceprual magnet eftect (PME).

This laxt bne of cvidence resalis from stodyving
pereeplion ol soundx m more delsil than simphye iden-
uiving estegony boundaries. Kuhl (199%) used laege
ands of sywienaicalh varving consonant= pwel sylla-
e een
American Enghsh /7 and /1 o west Americin and
Japancse adulin. “Uhuy mbed leners 1a mire the pee-

blex  spanming  the  phonetic boandan

ceptial similarine ol al) possible pain of stimuh and
used mulindimenxivnal scaling rechniques 1o crene a
mags of the perccived phavical distinees between sti-
mdi. The maps for Amcrican and Japanese spaken
wdicated that ahhough the real phasical distances
betwern aach simalus in the grid were eqoal,
Amencan and Japanese aduls perceived the sounds,
Aand the distances between tham, verv diferently.
Americans identified the sounds ax belonging o (wn
clearfy  different catezories, /v/ and 71/ whereas

Japanexe idestified all stimali bat e as Japanese /r/
(the ondy phoneme of this aype namaally osed i
Japanese). Moreover, Americm  lisieners perecived
many saunds as il they were closer o the best. mast
protalvpical examples ol /r/ and 71/ (@dled prooe
types) than they really were, Thic s the ongn of the
wrn pereeptual magner eflecr, meant 1o deseribe how
proivpes seen Lo ack as magects for surrounding
waumds. Americans also perecived o larger than actual
sepsgration hetween the 1wa categovies. fapanese haien-
e shawed ne magnel effeciy, and o separation
Letween the twa cateeorics, Thus, neither of the 1w
wroups pereete the real phasiait differences hetween
the saunds Insiead, Tanguage expericner has warped
the underlving physical gpace so thar if cenain eates
goriex of xounds are axed in a bmguage, diflerences

Cwithin o caiegory sire pereepluadly shronk, whereas

dilferences  herneens  categnries are pereeptaali
strerched. The PMIET may aid in pereeption by redocing
the «ffeais of the varmbilinn that enises in physical
speceh simuli,

Critically for thearies of specch lenming, further
studies xuggest 1hat thexe meatal npx for xpeech are
being forimed or wiered carly v life ax a function of
Jingingiiv experienee, At 6 maonths ol age, infanis being
miscd in ifferemt aadtuces fistening o different fan-
ruages xhow the PMIT only fur the sounds at'thetr avon
naove binguage (Nabl 77 4/, 1992). Mosenver, when
American and Japancw nfangs were tested at 0-8
months of age, bath graaps showed the ability 10 dic
ceiminate Americm aglish Ze/ and 717, as expeeted
iTom previous studies, By 10-12 months, howeer, min
only did Japanese infams show a0 dramatic dechine in
perfornuinee, bur Amecican infapix had also inereased
therr accuracy of diserimination. "Thix suggesis tha
experience is nat ximply peeventing mrophy (Kuhl
er ol 1997h). Finally, monhets du not show rthe PAYEL
indicating thar, vibke ancgoriaal pereeption, it s not
an effect that iy inhevent in the audilon procasing ol
speeeh stimuly in o many wimaks (Kubl, 199)). The
implicattion ix thar magner efieers explain 1he eventoad
1aslure ol mfaniz o diserimimag forcien-Lingus e con-
tragin, Japanese infants, Tor example. would (orm o
phoneae protaype for Japanese /r/ 1yt is Jocaed
berween Amsericimn /r/ and /L. The magmed effeat
furmed by expenence with Japanewe would eventually
cause a failure o diseriminate the American xonads.
Although the stidiex show thal maget effecss are
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ahiered by experience, it is nat vet knowm whether
magnet effects initially exist for all sounds of all lan-
uages and arc then modified by experience, or whether
they do not exist injuially and are formed as a funcuion
of experience (Kuhl, 1994).

The spetia) kind of speech that adults use when
They speak 1o infants (*parentese™) may play a role in
ihe normal infant decelopment of these phonemic
paps, Tt has fong been known that adults spek to
infants using a unigue tone aof voive, and that when
gven 3 cheice, infamis prefer this kind of speech
(Fermald, 1985, Fernald and Kubl, 1987; Grieser and
Kubl, 1988). Farly work on parentese emphasized the
prosodic differences (the inercased fundamental {re-
quency or pitch of 1he voice, its animated intopation
contours, and its slower rate). Recent daca show, bow-
ever, tha infany-directed xpeech also provides infants
with greatly exageerated instances (hyperarticulated
protoiypex) ol the phonctic unirs of language {Kuhl
et al.. 1997h). \When spaking 10 inlants, humans may
intuitively produoe 2 signal that emphasizes che rele-
want distinations and increases the conteast berween
phanctic instanoex.

“The studies described above all lend support to the
newely emerging vicw that the imtial sbilities of infants
to discrintinuee the auditory dimensions ecmplaved tn
sprech contrasts are deamatically aticred simply by
Istening ta ambicnt language, resulting in a new and
more complex map of the relevant linguistic apace. The
pereeprion af speech in infans x thus both highly
structured at birth, pramoting attenoion to the redevane
acoustic dixtinctions signaling phonctic differences,
and highlv nralleable, allnwing the bran 1o lay tdown
new inflormation, instructed by experience.

HOW DOES EXPERIENCFE ACT ON
THE SONGBIRD BRAIN?

Swdixs of perceptual larping in humans suggest that
imitial bacic divisions nf sound spaccarc gradually atrered
by experience with the manve hinguage. "The same ques-
lions about how this oecurs that have been mixed in
honmuns cin be asked about the effecis of sensory experi-
ence in birds. The two extreme models {instroctive und
selecrive) Uiscussed in the case of human speeeh have
also been rased in the case of birdsany (Marler, 1997).
A purely instructive model would suggest that
birds have lude foreknowledge abaat the song of their

species and are eyually ready and able to learn virnaally
any song to which they are exposed. This is not con-
sistent with innate preferences for learning conspecific
song (Marler, 1997: Marler and Peters, 19824). [ also
cannot explain isolate songs. These songs vary a great
deal benween individoals, however, which suggests that
the innate 1emplate onfy voarscly defines the spocies
song. The insiructive model does account for the fact
that prior to the production of the final fearned songs,
many birds produce copies of syllable types that are not
used fater in their final songs (Marler and Peters,
19822). Evea the svilahles of alien spectey to which a
bird was cxposed cn be reproduced in this way
(Thorpe, 1961: Konishi, 1985). This phemenonon of
overproduction of syllables suggesis that birds are
instructed by expericnoe 10 memorize and cven pro-
duce mubtiple songs, including songs ul other specics.
The instnuctive model hax difliculry, hawever, explain-
ing the usual attrition later in sony kaming of syllables
not appropriate {or the spectes. A more realistic view of
the inseructive model would posit that during the
impressionable phase, birds memorize 2 vanety of
sangs, perhaps memorizing mare eisily or more vom-
pletely songs that match their prespecificd preferences
Jater, during sensorimotor deaming, birds listen 1o
their voalizations and use the memorized songs as
remplates o assexs how well their visaal aurput matches
them. They then uhimately clect 10 produce as adults a
subsct of those songs; the selection of this subset may be
uided by a vcombination of genetic hjases and experi-
ence (Nelson and Marcler, 1994). “[hus, even the sim-
plest instructive model containg some clements of
sclecnion, hoth a1 the early (sensory) and at the lare
(sensurimotor) learning stages.

Alernatively, a sinctly selective model of song
lesrning can be proposed, in which the songbicd brain
hug extensive innate knowledge about its specics song,
and this knowledge is then simply activated by experi-
eace. Evideace in favor of thiy includes innate sang
learning preferences and the xurprising hick of varia-
bility scen in nature when che song patterns of an enrire
speiex are analyzed (Marter and Nelsan, 1992; Marle,
1997). In contrast to the dri(t that might ke oxpected in
a cubturally transmitted behavior operating by instruc-
tion aloae, there are 2 number of features ol song that
arc always shared, so-called species universals. None of
these universals develop {ully in birds raised in ixala-
tion, however. According (v Lhe pure sclection mudel,
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therefure, all possible universals are pre—encoded in the
hrain, but mogt of them musi he activated by the
sensory expericnce of matched sounds in order 10 be
awailable for later guidance of moror develapment,
whereax the species universals that are not heard atro-
phy. Consistent with this idea, although not conelusive,
is the surprisingly small pumber of sensnry exposures
necessary for learning, For example, white—crawnad
spacrows can learn from as few as 30 repetitions of a
song, and nighnngales have been shown o learn xongs
presenicd only twice a day far § days (Peters ¢ al.,
1992; Hulisch and Todt, 198Ya).

As wirh the strict inglructive model, however, cven
highly seleetive madels seem likely 10 have some ele-
ments of instruction, far insance to allow che signifi-
aint coltumally cransmitied vananosnr seen within each
caregory of universals (much like the varistions in the
voveel Zi/ in human languages), and the cupying of
complen seguenees, withaur requiring a mutitude of
wmpley. Moteover, because snme features of song are
produced in isolaed birds, there must be two sorts of

— pre-cncaded tgmplates, ones that requre oo auditory

selection and instroction act both in geries and in par-
alle! in song learning. In many wavs this is strikingly
simitar 10 the issues in 1he speceh ficld, where purely
innate and selection-baxed models are pow making way
far the idea that jninal capacities are revised by instruc-
tive effects af experience.

Better undersianding of 1he neurml mechanisms
undeelying learning might also help revolve this issue.
For instance, pre-existing cireuitey and inpate auditory
predispositions might be revealed st the neural Jevel,
both in humuns (using imaging) and in songbirds.
‘I'he brain of songbirds contains a svstemy af arais
devared o song learning and produciion and in aduh
birds these contain numergus neusons that respand
selectively w the sound of the bird's own song and
poosly (o the songs of other canspecifics or to emporal
alieravions of the bird's own song (Margoliash, 1983,
1986; Margoliaxh and Fortune, 1992). [n voung hirds
just )n the process of learning 1o sing, however, these
wme neurons are broadly selective for any conspucific
songx, aod they only gradvally develon sedectivity for
their own song during leaming (Doupe, 1997 Solis and

experience of athers to be active and 2 much larger sct
that do reguire avditory espenence (Mader, 1997). In
addition, and perhaps moxt importany, 2 purehy selec-
tive and specics-hased mechanixm does not cxphain swhy
birds can learn songs of heterospecifics, when birds are
raised with those songs alone or even sometimes in the
presence of congpecific songs ax well (Baptsta and
AMorton, 198]; Immelmann, 1969). Onc must therefone
pustulale two dillerent learning mechanisms, anc for
conspecific song and a differenc one (perhaps a more
geberal sensord learming) when other songs are leamed.
Although thix is possibly consistent with data suggesr-
sng 1har birds take mare 1ime 1o learn alien song, it also
necessitates a multiplication of tearning substrates and
makes it harder 1o explain why birds may incorparaie
both coaspecific and helernsperific syllables into a sin-
gle xapg. Fimallyv, some of the lack of variability in the
final crystallized song of many birds could be due non ta
sclecnion at 1he early memorization stage, but rather in
part  the highly vocially conirolled selection procesc
active during late plasuic song and crystallization, in
which birds choose to crysiallize the songs most similar
ta their neighbors (Nelsan and Marer, 1994). Clearly,
more studies are necessary to resolve the question of
how sensory experience actx on the beain, Already 1t
seems likely, however, that some combination of

R

Doupe, 1997; Volman, TO0Y), TR suggs & thatstiaase

this pan of the song system coning newrons that are
initially nonselective, i.c. withoot specific forcknnw-
ledge of the song the hird will sing. and that are subse-
quently instruered by experience.

SOCIALEFFECTS ON SENSORY
LEARNING

Buth sangbirds and humans demonsiraie that learning
i¥ not solcly dependent on innate predisposirions and
acoustic cues. Social factors can dramatically alter
learning. Songhirds have been shown ta learm alien
songs from live weors when they would reject the
samne songs presenied dy tape playvhack (Bapusia and
Petrinavich, 1986). and zchra finches will averside their
innate preference for conspecific song and Jeaen rom
the Bengalase finch (oster father feeding them, even
when adult zcbra finch males are heard nearby
(Tmmelmann, 1969). Zebra finches, a morce highly
social and less territorial species than many xongbirds,
are particularly dependent on <ocial faciors even for
selection of a particular conspegific tutor, as demon-
srraled in a series of experimenis from the labonatory of
Slarer and colleagues. These experiments showed that
2ebre finches, which do noy leam well from 1apes,
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rajuired visval interacrion with the tutor in a neighbor-
ing cage in order o Copy it, cven il they could heur it
Itakes, 1989: Slarer o7 2., 1988). Zebra finch Medglings
prevented by eve patches from seeing, however, would
Gl Yearn from a rutor if it was in the same cage,
lowing the usual local social intcractions (pecking,
wrooming, ctc.) seen between zebra finch twlors and
wuny. Finally, Adret (1993) showed that replacing
the social interacijon with a taped recording that the
voung zebra finch had to activaie with a key press
resulted in the zebra Dneh actively key pressing and
ihen learing from that eape. “Thus, the sucial factors

required by zebra (inches can come in a vanety of

modalities, all ol which may serve o open snme atten-
nonal ar arovsal gate, which then permits sensory
learming. Such aaceational mechanixms  may  also
esplain birds™ preferential seleevon of 2 conspecific
tutor durmg scnsary leaming and their chaice of a
prrticular song for crystallization.

Social interaction huis been suggesied to play 4
critical role in language leaming as well (Locke and
Sinow, 1997: Kuhl and MelzolT, 1996, 1997), althourh
clearly studies of bumans caanot withdraw social inter-
aetion (o study the ¢lTects on viral learming. Consistens
with the importance of xocial cves are the speech pat-
terns of adults in language addressed to infams, These
patterns are greatly modified in ways that may aid
linguage learning. In addition, neglected infanis are
developmenially delayed in Llinguage (Benoit 21 of..
1996), and much of carly word leaming is deeply
embedded in vhared social activities. [t is not cleor
whether a tape recorded or televised spaker would
permit language leaming in infants, although this
vould be nddressed in studies of second language learn-
ing. [nfants engaged in soaal interaction appear o be
highly aroused and attentive, which may play a role in
their abilily to react 1o and learn sociadly vignificant
stimuli. As in birds, such arousal mechanisms might
help ra store and remember stimuli and to change their
pereepiual mapping {(Kilgard and Merzenich, 1993).

VOCAL PRODUCTION ANDITS
INTERACTION WITH PERCEPTION

in vocal learning by humany and songbirds, both per-
ception and production of sound arc crucial. One must
perecive both the vocal models of others and one's own
wunds, and one musi learn the mapping from ane's

own motor commands 10 the 1ppropriate acbustic pro-
duction. 1t has been clear for a long time that these (wo
aspects of vocalizarion mteract strongly, 9nd in fact carly
speech theonists suggested thar sound decoding requires
crestion of a mode) of the moror commands necessary to
zenerate those sounds (Liberman e o)., 1967). In song-
birds, however, memorization of sounds clearly precedes
their genemtion. Recently, studics showing that human
perception of speech is highty sophisticated at birth and
then rapidly sculpted by experience, prior o the emer-
genee of 1 sophisticited capacity for sound production,
have led to 2 new view in studies of speech that s
strikingly simitar 1o that in birdsang. By this hypothesis,
seoustic targets that are a subset of all possible species’
vocalizations are perceprually Jearned by the young indi-
vidual (bird or human) by listening to nthers. This
perceprual laming then pawerfully constraing and
guides what ix ¢(and can be) praduced. Subsequent pro-
duction then 2ids (n creating auditorv-articulatory maps;
the relarionship between peotuction and perception
continues to be highly interactive but s derived, at
least instially, fram perceptual maps.

Production and perception tn humans

In humank, the interaction between perception and
production has been studied in twa ways, by examining
the infnnt’s owm production of sound ;d by cxamining
the infant’s reactians 1o the sight of others producing
sound, Both assess what infants know about gpeech
production and its celation to pereepling,

Onc strategy is to tlescribe the progression of
sounds praduced by infants across cultures as they
mature, examining how exposure to fanguage afters
speech production patrerns. Charcteristic changes in
speech production occur s a child learns 10 malk,
regardiess of culture (for revicw see Stael-Gammon,
1992). All infants progress thraugh 4 set of universal
stages ol speech praduction during their fiest vear: early
in life, infamy produce nonspeech gurgles and cries; ot
3 mondhys, infants wo, preduciag simple vowel-hike
sounds; by 7 months infank begin w babble: und by
1 vear first words appear (Figure 2.3A) The crass-
cultural studies also revea), however, that by (0-12
months ol age, the spontanenus vocalizarions ot infants
from different language environments begin to difter,
reflecting the influence of ambient language (de
Boysson-Bardies, 1993). ‘Fhus, by the end of the first
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vear of life, infantx diverge from the culturally universal
speceh pavesn thet initidly exhibit 16 one that is spe-
cific 1o their culture, indicating that vocat fearning has
mken place,

It is not the aise, hamever, that the remarkable
abilits of sfnis s imitale the speech patterns they
hear others pmduce begins only 1oward 1he end of
their fiest yar. Revent b snidie indicae
that safants have he capaciiy (o imitale speeeh at a
much carlicy age. Inlane listening o simple vowels in
the labimtory alter their vocalizations in an aitempl to
approvimale the sounds they hear, and this abiliny
eowrges wround 20 weeks of age (Kuhd aned Melizof,
196). The wpabiline for voeal motor learning i
thud svailable sevy carly in Ble, Tn ndults, che soforma-
ton speaifviog audivors —articulators relations is exyui-
civeh demiled  and allows  almost  instantancous
reaction W changes in Jowl or position of the articuly-
s in ordee stll o prduee the appropriaie sound
(Perkell &1 nd., 3997, Although speech production skills
improve throgghout childhaod, xhowing that auditory~
articuliesry maps continue to evalve over a long peend,
the early varal imitation capacitics of infants indicate
thal these maps must slxo be saBicienthy furnied by 20
weeks of age ta alow infants 1 appraidmete saunds
prattuced by orher.,

A wompaason of (bt decelopmenial  timelines
reluting speceh pereeption and sprech praducoon suge-
gests that wrly pereeptual mapping precedes und
guides xpeceh production  developryent (Kuhl and
Mclizoff, 1990, 1997). Support for (his idea comes
from a comparison of changing pereeptual abilities
and production in the inlant studies just desenbed: »
Janrwage-specific patern emenges inspeceh perception
poor 16 ils enwvgence W speech production. For
instaoce, althvugh intant vocslizitions produced spon-
uncously ip natural setings do not becomee languaze-
specilic undl 10-12 munths of age, the pereepiual
ssrtem shows specificity much earlier (Mehler ¢ ol
J988: Kuhl # a/., 1992), In addition, at an age when
they are nise vet producing /r/- or /1/-like soomly,
infants in Aserica and fapan already chow languane-
apevilic pateerny of perception ol thexe sounds, " |hese
daut suggest 1hat stored representations ol gpeech in
infants alter perception Ninxt and then later aler pro-
duction as wel), serving as awditory paterns that e
miblor producton, This paeen of learning and sell
arganration, in wlich perceptual patterns siored i

memory serve as gides tor prodecrinng s sirikingly
amilir 1o that seen in birdsong, as well as in visval-
motar learning, such as gestura) imilation (Melzott
and Moore, 1977, 1997),

A stcond experimenad stmtegy reveals the bnk
between pereeption and production for speech. In this
caxe, studics demonstrte that watehing another talk-
¢r's mouth movements inDugnces what subjeees think
they hesr. indicading that representational mups (o
speveh contain pot only auditory but visual information
ax well, Somv of the mast compelling examples of the
polvmodal nare of speeeh are the it ~visual
illusions thar vesuJt when discrepant information s
sent o two separaie maodatities. One such Allusion
accurs when auditory information (or /b/ ix comsbined
with  viswal informativn  for  /7g/  (MeGurk  and
MuacDaonald, 1975 Massaro, 1987, Kuhl o/ af. 1994).
Pereiveys report the strong impression nf an inter-
micdine articylation (/da/ nr Ztha/y, despite the fact
that thix mformation was not delivered s vither sense
modality, "I'his (endenes of hunvan pereeptaal systems
to combine the muttimodal inlsrmation (auditory and
visual) 1o give a unificd  pereept
phenomenan,

Intanrs 18-20 weeks okl also recognize auditory-
visuad correspondences o gpeech, akm o whac adulis
Ao when (hey Jip-reail. [n (hese studies, infants looked
longer al a face pronouncing a vowe) that macched the
vourl sound they heard than at s mikmawehed fhice
(Kubl and Mclizoff, 1982). Younyg infanty therelure
demonstrate knowledge abiout both the audiwry and
the visual informutian ¢contained in speeeh. This sup-
ports the nogen that the stored speech represeneations
ot infants eontain information of hoth kinds.

i a  robusl

Thux, early pereeptual §earning — prisarvily audi-
tory bw perhaps also visual ~ may underpia and guide
speech  production  development and  secount  for
inlintx" development of language-specific potterns by
the end of the first year. Linguistic exposure is pre-
sumubly the comman cause ol changes in bao systemss
ovemory represcmntions that form initially in response
to pecception of the ambicn! Lvguage inpur then al ag
guides for motor owput (Kuhl and MeleofY, 1997).

Productivon and perception in birdsong

“The vbseecation that pereeptual learning ol speech may
precede and guide production in humans makes it
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-arikingly Similar to birdsong, which clearly dees not
rn'uirc- immediate motor imiaton while the voung
bird is «ill in 1he presence of Oie 1wtor. Many sessonal
spueies of hirds begin the sensorimotor learning phase,
i which they vacally rehearse, only many months after
ihe tutor song has been heard and stored (Figure 2.3B)
“['hus, birds can remember complex acoustical pattermns
(that 1hey haard at a young age) for 2 long rime and usc
them mich Jater to guide their vosal sutput.

The tack of overlap betweca the sensiry and sen-
wonmotor phasex of sang Jearning is et as complete 18
often supposed, however, and in this sense xome song-
mrds are alss more like hwmans thon previously
ihgught. This ix most sbyious in the zebm finch
(lmmelmann. 1949 Arpold, 1975), which 8 pot a
wasonal breeder and developx song mpidly over a per-
ind of 3~ months, and in which sensory and sensor-
imotor learning phases overlap for at leasr a month.
‘s, as in humans, these finchex conlinue 16 copy
new saunds afier scnsorimoter leirning has xurred.
IFxen in the clissieal scasonal species, birds slien pro-
duce the amorphous voaalizadons known ay subsong as
varhy as 25 davs ofage, well within the Hi-day sensitive
phaxe (Nelson er /., 1993). These wrly voaaliations of
songbirds may allow wilibratian of the voesl apparites
and an imtial mapping berween mator commands and
wond production, a functon similar to that proposed
for human babbling (Marler and Petens, 19824; Kuh!
amd MelizalfT, 1996, 1997), Moreover, in more complex
sociat yetlings, the sehedule for the onget of singing and
sensorimotor Jarning wvin be dromatically aceelerated
{(Marler, 1970h; Bagixea and Peirinovich, 1986).

Nuncrheless, in many species, perceptual leaming
af the titar is complete before the so-called sensonmeo-
1or stave of laming begins in earnest, usmally wward
e cnd of a seasomal birds first vear of hife
(Figure 2.3B). T'his stage begins with 3 grear increase
n the amaunt of singing, tnd oon thereafier, vikaliza-
pons show clear evidence of voual rehearsal of learned
muaterinl, al which point they are termed plashe song.
These are gradually relined unil they resemble the
tutor song. Alnny the way, however, hirds produce a
wide varicty of copicd syllables and sonps, anly ts drop
them before crvsaalliztion (Marler and Peers, 1982a;
Nelson and Marler, 1994). During the plastic song
phase, birds alw ulten incorporstc inventons and
improvivarions that make their vong indsvidual. At the
end »f the seasorimotor phase, hirds prnduce n stable,

or “cevstallized™, adult song, which in most species
remains unchanged throughout life {exeept for open
learnerx; kee below), Because witor lerrning occurs lar-
gely before production, it cannot depend on maior
lcarning. During sensorimotor learning, however, sen-
sory processing of sounds might conceivably change or
beconie more dependent an knowladge of molor ges-
tures. ‘This question could be stwdicd in songbirds
raixed wirh normal sensare expasure to others b
experimentally prevented [tom producing sounds.

Just ax in humans, oot all xensory cifects on sang
leaening are mediated solely by auditaey teedback. Not
ondy do xebm finches reguire xome sorl ol visual or
social interuction o memonzy o tntor, bar male cow-
birds will choose g eryxmllize he parvcular nne of
cheie scveral plasiic sangs that clicus a pisitive visual
signal, a wingflap, from a female cowhivd (West and
King. 1988). Thos. visund cuex can alys affect song
learning by acring on che sclection ol songs during
motor Jarning. Along the same lines, Nelson and
Marler (1993) demonstrated Lhat bnte juvenide spacraws
just armiviag ac the territory where they wild xeede will
¢hnose to eryxtablize the plastic song in their repertoire
that ix the most smilar to the ~xomgs sung in that
territory. This eesult was replicated in 1he laboritory
by plaving back to a sparrow just one of four plasniv
songs that it was singing, which mvariably resulted in
that sung bring the ane cnstailized (Nelson and
Marler, 1994), These social ¢ffects on crysmllizmison
mayv allaw the matched countemsingsng  frequenily
vbxerved n territoria) birds. By allawinyg visual and
auditpry cues ro influence sony seleciion, birds incor-
punate the likelihosd nf suctessful social inleraction
into their final chiotee of vacal repwertaire.

PERCEPTION OF SE1.F ANDITS
INTERACTION WI'TII PRODUCTION

Although auditory processing ol the suunds of sthers ix
imporiant in speech and song lenrning. the interction
bectween pereeption ot ane's own sgunds and voeal
praduction i algo cruvial, hecause vocal learning
depends on the abiity to modify motor output using
auditory feedback as a guide. In bwth birdsong and
speech, the scasory und motor processes are virtually
inscparable. One striking demnnxirarion of this is that
in frontal and iemperoparictal lnbex of humans, stimu-
lntion at single <ites disrupix bath the sequemial
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orofacial movements used in spevch praduction and the
ability to identify and discriminate between phonemes
in perception tasks {Ojemann and Mateer, 1979). This
provides more evidence that the traditional description
of Broa's and Wernicke’s aphasias as cxpressive and
receptive is oversimplificd. Likewise, the song premotor
nucleus HIVC also contains numerovs song-responsive
neurony  {Margnliash, 1983, 1986: McCasland and
Konishi, 1981).

The important guestion of how and where the
auditory feedback from self-produced vocalizations
acixand how it relates to voua) motor processes remning
unclear for both humang and songbirds. In homang,
the majority of individual speech~related neurons stu-
died thus (ar have been active only during cither
speech production or speech pesception {(¢ven with
identicnl worda presented and then spoken). Thus,
the voeal control gystem seems in some way o inhibit
the response of these neurons to the sound of self-
vacilized words. More seriking, this link between audi-
tory and vecal systems alecady exisis in nonhuman
primates: mare than half of the auditory cortex neurons
responsive (o the preveniation of clls in squirre] mon-
keyr ditt not respond to these calls when they were
praduced by the monkevs (Mdiller-Preuss and Plooy.
19X1). Similarly, in songhirds, despite the strong
responses of HVC song-selective neorons (o presenta-
von af the birds own song, thes¢ neurons aré not
abviously activated by the sound of the bird's own
song during kinging, and in meny cases they are elearly
inhjbited duniny and just after ginging in adoh birds
{(McCasland and Konishi, 1981). Thus, information
that rhere is voeal activity is provided 1o auditory and
cven voal coneral areas in both primates and Rong-
birds, but it is not clear how the sounds made by thix
activity are used. This pwole is evident in some boi
nut all PET studies as well: even though Weenicke’s
arga 18 Strongly activated during auditory presentation
of words, a number of such srudies have shown sur-
prisingly little activation of (he same area from reading
or speaking aloud (logvor and Schwarte, 1974;
Petersen 21 af., 1989; Hirano ¢t «l., 1996; but see also
Price e al., 1996). A recent study of vocalizing humans
may shed light on this guestion: this showed much
more vcavation i superior emporal gyri when audi-
tary feedback of the subject’s own voice was attered
than when it was heard normally (Hirano 21 4., 1997;
MeGuire ¢! al., 1996). Thig raises the possibility that,

at least once speech is acquired, Wernicke's and other
high-leve) speech processing areas may be more active
when detecting mismatched as opposed o expected
auditory fecdback of self. Tn birds as well, it will be
impartant t test newronal responses when auditory
feedback of the hird’s own vaice is altered.

As with pnmates, comparisans of songhirds wirh
closely relared species that are not vocal learners have
the porential 10 provide insights into 1he steps thad led
<0 song learning. For instance, the suboscine birds such
a8 Nycurchers and phoebes, which are close relatives of
the paxserine (or oscine) songbirds, sing but show no
evidence of dialects or individual variarions and pro-
duce normal song even when deafened  young
(Kroodsma, 19835; Kroodsma and Kanighi, 1991),
Thest birds alss show no evidence of a specialized
forebrain song contre} svstems, which suggesis that
another crucial step in the appearance of specialized
song control aréas may have been the acquisition of
auditory input by pre-existing forebrin motyr control
arens, Likewise, in humans, the capacity fo learn speech
and the development of specinlized cortical systems far
its control mayv have resulred from close interaction of
maotor contrnl areas for orofacial movemcnis with a
varicty of areas involved in processing and memorizing
compley sounds (Ojemann, 1991). Despite a5 clear
importance, the Jink between perception and produc-
tion is surprisingly i) understood in both speech and
song systems, and further undersunding of how motor
control and auditory feedback interact at the neural
leve) will be crucia) for progress in both fields.

SENSITIVE PERIODS FOR SPEECEH
AND SONG LEARNING

A critica) period far any behavior is defined as a specific
phase of the life cycle of an organism in which there is
enhanced sensitivity to experience, or to the absence of
s particular expenence. One of the most universatly
known and cited critical periods js that for human
language acyuisitinn. Sangbirds alss do not Jearn their
vocalizadions equally well at all phases of fife. In thit
fiml section we review the evidence suggesting tha
sengitive pariods for vocal learning in these two systems
are indeed very similer, and we examine and compare
possible underlying mechanisms.

The term critical was initially coined in the contexc
of ymprinting on visual objceis early in life, in which
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seasitivity v experience is short-lived and ends cela-
tivelv abruptly. Many crigeal periods, however, includ-
ing those for vocal learning, begin and end less abruptly
and can be modolated by a vanety of factors, so the
term now preferred by many investigions s scosilive
ar impresionable pernd. Breause critical perind i
such 2 cnmmonly recognized term, we use these terms
intepchangeably, bue with the caveat that vhis does pot
nevessarily imply a Aagidly regulated and campleie loss
of sensiBvily to cxpencnee.

BASICEVIDENCE FOR SENSITIVE
PERIODS INBIRDS AND {IUMANS

Humuns

Lenncherg (1967) Turmulated the strongest claims fora
cricieal or sensitive perivd for spuech learning, stating
1hat adier puherty itis much more difticult to sequire a
sccond lainguage, [enneberg argued  that language
learning alier puberty wix qualiciavely  ditTereat
mare wonscious and labored, as spposed o the auto-
nuttic and voconselous acyuisition thal occurs v young
children s a resull nf mere expoxure 1 Lainguage,

IS vidence tor a sepsitive perind for language scqui-
sition hax been derived Trame a variety ol sources:
(1) classic cases ol socially isnlated children show thag
arly social isolation results in a loxx ol 1he abilily to
acqire normal language later (Fromkin o7 #l., 1974;
Lane, 1976); (2) xiudiex of pauenes who sudler cerebral
dumaye aL Garious ages provide evidence that prognosis
for language recovery is much more pasitive carly in hfe
as opposed 10 afier puberty (e, Dachowny o of., 19946;
Batey, 1992); and () studies nl seeond-language learn-
ing imtlicate that there are dillerences in the speed of
bearnsng and ulimate accuracy of acquisition in Jan-
guage dearniag ae different stagex of life Johnson and
Newpart, 1991; Oyanva, 1978; Snow, 1987).

It has been known for a long time that children
recover Better [vom focal bram injory than da aduls
with analogous lestons, Moreoser, after major damage
1o left frontal or parictal lobes. oy even hemispheree-
tomies Jur intractable epilepsy, cbildren can xuill
develop language using the right hemisphere (e
Dennis and Whitaker, 1976; Wouds, 1983). "here is
un upper limit 1o this exteenye plastcity, however, with
studies xuggesting the cut-otT oceus xometime between
Jand 6 yaarx of age. bn cascs of less severe injury, the

perod after 6-8 years, but before puberty. i still more
fikely to support learning of speeth than the penod
alter puberty (Vargha-Khadem ¢ al., 1997).

Studies on the acquisition of a second language
uffce the most exicnsive darz in support of the idea
that language learning is not cquivalent across all
ages. For instance, second hanguages learned past pub-
crty are spoken with a foreign accent, in other words
with phonetics, intonation, and s(rexs parterns that are
not apprupriate for the new language. Comprehension
of spoken speech and grammar, as well as grammatical
usage, arc alsa poores for languages learnad later in lite.
Numeroox studies show that all these aspees of lan-
guage are performed poorly by immiygrants who learn a
weeond hanguage after the ages of 11-13 vears, indepen-
dent uf the length of tme the learner has been o the
pew coontry  (Ovema, 1976, 1978 Johnson and
Newport, 1991; Newport, 1991). Even when adults
initally appeac 10 sequice cerrain aspects of haguage
fastey than children, they do nat end up ax competent
ax children after cquivalent amounts of temning
{Snow, 1987).

Moreover, the eapacity ta learn may decline in
several stages. A number of studies suggest thae chil-
dren who have been exposed 1o and learned a new
fanguage 3t 3 very voung age, between 3 and 7 vears
of age, perfom equivalenily to nadve speakers on var-
jous (exts. After =8 veams of age. performance secms to
decline gradually but consistently, especially during
pubeny, and after pubeny (atter approximately §5-17
vears of age). there s no Junger any corrclation hetween
age of exposure and performance, which is equally poor
in all cases (1ahta ez af., 1981; Asher and Garcia, 1969;
Ilege, 1991). A similar pattern of resulis is shown in
deaf adults who are native-language signers but have
lcarmmed American Sign Language (ASL) at different
agex: a comparison of subjects who had learned cither
froro birth, from 4 (0 6 yeurs of age. or alter the age ol [2
showed 3 clear progression in both production and
comprchension of the grammar of ASI. that indicated
that eorlier learners signed more aceurately than later
Jearnerx (Newpore, 1991).

Could the critical perioil ximply be a limitation in
learning to produce speech, while perecptual learning ix
not Jimited? Srudws suggest that the accentx adule
lcarncrs use when attempting o produce a foreym
language arc not attributible o simphe matorie failures
in leaming 1o pronounce the sounds of the new
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fanguage hut also involve perveptoal difficolties. When
stodenes were Lested on a fbreign language Y12 months
after their Grs1 exposure to it those with the bes
pronancation scares akso showetd The best perlommuinge
on the disceiminution st (Snow and Hocfiagak-1 lahke,
1978). Morcover, the numeraug studiex of pereepiion
reviewed aadticr (\Werker and Palka, 1993 Kuhl, 1994)
indice thay adubis have diliculy diseriminating pho-
MEIEC conIfsiy not used ssatenniscally b their gaive
language. Inerestingly shhbugh the effecs ol experi-
enee nn pereeption are exident carhy o life (6 months 1o
| year uf age) these stsdivs of seeond Lainguagze lerniag
show that these effects are also reversible, and rha
plastoey remaing enhanced, Tor a relativel long per-
ux). Morenver. cven a wudest amount of exposnre 1o a
angusge in carly childbaoad has been shown o produee
amore native-like pereeplion of its syHable coniruirs in
adubthual (\Nivawaki e7 4/, 1973). Cansisiem wirh rhe
iea thal perception ax well as production ix aliered,
brawn mapping studies shaw thad different carieal areas
of 1he b are swhwated by the sound of native amd
xevond Tanguages when the xecoml hainguage is leamed
faser in hile, whereas ximilar brain regions are activated
by hath langimees 3 the twn are learned arly (e
Kim ¢ al, 1997). Ax suggested aarlicr, pervepraal
leamiing may i fact constran which sotnds can Iw
enrrectly producal. Regardless of whethey pereeptinn
or praduction ix primary, bash produciion and peveep-
aon of phonology, ax well as grammar and prosody .
prnide straag dara in suppon of sensitive periods

foe speech.

SONGRIRDS

[ haw oo been vealized that sengbirds have s resincred
period tar memovization nl” the nuor song Thorpee,
1938; Marler, 1970h). Now tha studien of humans
show shat arly percepuel capacities narrow with
experience, the parabliels beiwcen songhird and hanwan
critieal perisds are even mare compelling. Despite
numerows aneedonal accoms, he number of carefully
duilicd songbivd species remaing sowall. The chieal
sudy & that of the white-cronwnéd sparron by Marler
(1970b), which shows that xs in husvans, sparrow s have
an arly phase of extremie plastieiny (around 2030 days
o) ave) wirth a kner gradual decline in openne, with
~owe acquisitinn possibte up 1o 100 or 130 dax< (Nedcon
e al, 13 Afier the age of 100-130 daya, in mos

cases, Wirds did non Jearp new songs from xenson
cxpsUrE 10 new tulorx, repardles of whether rhey
had had normal Tutsr expesience or had been isobued.
Hirds with a elassical eritical perind ke 1hix are vften
wnlled closed learnery. Same bivids are npen-ended lear-
ners: that is, their abiliny s Yearn 1o prodinee aew song
ither semains npen or reopens seasmally in adudihsod
(e canaries | Norebobms o wl., 1986) and stardings
(Chaiken o7 at, 1994 Moumijoy snd Leman, 1993y,
shthough it i< still unclear in many awes whether the
reapening is sensory or motar in nature. Comparing the
brainy of these burds with those of closcd feunens
should provide an opporaisity o elucidate whar noy-
nally Jimits the capaciiy to Jearm.

Dnex the capacity 1o prodoce sounds also bave 8
ennieal perioed, independent of sensory exposure? 1 'hag
in, 17 correct motor fearning 1s nat accomplished by
certasn age, despite timely seasory expaosure, or is nat
closely Tinked in trmse withy pereeproal learning, <o it
ever be eompleted or correcred? The stades of st
cheostomized children suggest 1 vaca) molor (carn-
e may indeed also be developmentdly restriceed, but
thix v another quesiion moee eassly addressed in sony-
ards than in honens, Sanabird experiments provide
conllivting edidenee, howevey, One line of evidene
contex fram harmonal manipulations of birds. Singin;
of aduli male birds is enhanced by androgen, and cas-
tration roarkedly decreases (but doex por elimmate)
sonz ourput in adule birds. Sparrows casirated as juve-
niles fearn from cutore ac the narmal o, and produce
gond imitations e plastic wne, bue il woerystalhae
wony (Murler ¢2 0. 1988a) W hen given testosterane as
much as avear larer, howeser, these birds then rapldiy
cristllize norned song, which <aeesis that e trana-
non from plhstic W more srereon ped ensmlized song
doex not have ra geea wibin o ertnical fime wingdow,
These experimene do nost perivethy sddyss e guess
ton ol a enidical period 1o seassrimoltor learning, how-
cver, brainse all yvoung birds vowlizad  xoowewag
arowned the nurmia) nawe ol soog onsl, miving theny
somic monmal eyperience of sensorimotor minching,
Similarhy o caseraned chailineh ehar had e sung
Al dueing s Girse year sl developed sumal cony
when given haemone ey (Notehoshm, 19R1) )y
botly these experimients, the absenee ol androgen,
which dramabcalhy decreses singinz, might alka hinve
delaved mntnr develspment and mator sensitive perind
closure,
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(Mher poohormanal nanipulations sugeest that
disruptions f molor learning st certain A are in
fact critical. For example, song baeralization pripvanly
uvolves e dearning ol prodiction. Althuugh this
Interaliznion seems 1 has ¢ quite different mechanizims
than thw ul <peech, ic shares with speech an early
sensitive perind for reenvery feomy insalis 1o the domi-
nant sfe. Eeft bypoglossal dombiance in canaries e
e reversed 1l the left tracheost ringeal nerve s cut wr
the Il I Clesioned priog innhe perisd ol s ol motor
plisticitn. when song prodwtion s learned, but it
theredlicr {Norebohnt o af,, 1979). 1his provides e
denee 1 A kst i GENaFvs SOMC BREMYIZANDI BUCUTS
Aueg mntor pragyice thar cannon be revensed later. An
experiment 1o address This winee dsrecrly miight be 1o
chiminaie vr divrapt all vl misvnval praceice vl e
usdal time ol ervstallization wd then o allong the birds
to recon ey, [teeent experimenis in songhicds with tran-
siey borobouny tasin parsdcis sl cochgzesl nnscles
b (isches durg Bite plastic song do segzest
entival sl irrecerable chisnges aveur during ke <en-
saieimoy fearning (P g vad Suthers, 1194

TIVMING ANDTHE ROLY OFF
FAVERIENGEWTHTVT CLOSES TS
SENNUT(NE PERIOD?

The guestion cosad Baoabe dat an ihe ditfeuliies nf

e learning i wha accouas e dillerenial learning
ul Langnage an di¥erent perisds m fite? Ry the vlissica
ersaca) perind arganment, s e ae deyclopaen it
are the mypariant sarbles, Fate experienee has msaad
the windand ol apportunsite fur bz e Yerning, k-
g 0 mare difdicult, B oant anpoasihle, (o acquire
native banguage parterns of halvnimg ane speshing, oe
ul nagonal birdsoag., This ome-limsaad windoo pre.
sunmibhy retleas underlongg brass Ch.nsgesand siatiea

tan, which are s ver poorly andevaimnd, ospecially in
humoans, Tenneher (85 thoszhi char an pubsersy the
sLabbshment of cerchrd Lievalizannn wis tmimplere
ancdd that this explained sthe closmg o the sonsntive
prerinl Vhe dara rediewal i the provioos seviion sig-
gl however, thar ihe capaciny Tor speeeh karning
dechnes wradnally hrnughonn carly Meoor an least has
wveral phaxes prine o asdolescence. More sinkug, hodh
s ol speech viadics are moraningly converging on
a oobe for learng and vapericiee siselt i elising the
wrical peviod, as deseribed beln,

FIORMONES

"I'he approximare coincidence ol puberis with closure
of 1he vensitive period puints to hormones as vane of’
the  maturatiomal  foctors hat Lo learning.
Surprisingly little has been done to exarine this, how-
erver, lor inxtnce by comparing second hingaage acyui-
xinon i bows and girls, or by investigating anguage
development in human paticnts with acuroendiscrine
irorders (NeCarille and Wilson, 1990). Because dwx-
lenin and stanrering are 10 1imes more consmion in hays
vhan in girls estosterone has been hy porhesized to play
Lorode o osome Tonms ot dyslexia (Geschwind and
Ciakibaeda, 18X3), bue by their narore, stadies ol lan-
ginge dinabilities miay not address normal leaming.
Noecenr imaging ata saggest thar lareralizannn for
spereh s des atving i human fermalex than in males
(St itz es o, 1993), although whether the arigin of
this difterence is homvanal ix unelear, o is s relation-
~hip o eniticd period closure.

Male soughirds provide much more evidence for
havnrsmal offects o learning. The carliest studies of
s harming showed rthat the penosd of maximum
seanitin iy was nnl strictly age dependent bur condd be
ontendad by nunipobinions (such as light connenl or
vraw disye) s also delased its onset (Thorpe, 1941).
Jisras in humans ihese manipulations supgeted a cole
fen hormnes, cxpeeiadly sex sternids, in ¢licare of the
eviteal perisd. This idea was funther strengthened by
work by Nantchohm (1969). 1 e found hat a chaltineb
enntestvd i e sewr, befose the onsey of dinging,
did notsingand subsequently learned g new tueor sony
in the second vear, when it received o restosterone
implant, \hlwagh this experiment did not indicue
whae ended the readiness 10 learn song, W cenainh
showad thae i could be enviended. Beeavse singing
ohea begins in carnest around the tinte that festoster-
mie vises, and beeme it ain be delaved or dowal
vt a reasonable possibility i vhat these deel -
apmenal ineeeases in niile hornones (o a high fevel aeg
Al imvolved in elasing the exitiea) pesiad. Tnan eaper-
mental masipulminn 1o test dbis I podhesis, \ hlins
avd collagues (1998) castrared whire-cronned spr-
rsws ae 3 weeks ol age and then nutored them Tag
after the noranal 100=lsy chine of (he eritical period,
There was 2 small amaunt ar leaening evident in some
ammalg subsequent]y induced t sing b testastersie

rephicement, wehich sugwesis thut the contead period had
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indeed been extended. The effect was weak, however,
perhaps indicating that a single hormone is unlikely to
control normal lerning,

ACTIVITY-DEPENDENCE: ADEQUATE
SENSORY EXPERIENCE OF THE
RIGHT TYPE

Although there ix much to support a timing or matura-
tional explanation for loss of the capacity for vocal
learning, an alternative account i emerging in both
humans and sangbirds, which suggests tha learning
itsell alsa plays a role in clocing the ¢nrieal period. In
humans, this aliernative aceount hax been developed a
the phonetic level, where the data suggesting a sensitive
period are sirangest (Kuhl, 1994). As deseribed carlier,
work nn the ofTects of language experience suggest thae
exposure 10 3 particular lainguage «arly in infancy
results in a complex mapping of the acoustic dimen-
sions anderlying speech. This warping of scoustic
dimenxions makes some physical differences more do-
tinct whereas othiers, equally different from a phyyical
standpaoint, boeome less distinet; this may facibitace the
perecptinn of native-language phonetic vontrasts and
appoIrx [0 éxert control an how speech 38 produced as
well (Kuhl and MeltnfT, 1997).

By rhix hypothesis, speech maps ol infants arc
incomplete arly in lifc, and thus the feamer is not
prevented from acquiring multiple Boguages, as long
as the languages are pereeptually separable. As the
neural commilment 1o a single language increases (a8
it would in infants exposed w only onc language). Foture
kearming is made more difficult, especially if” the cate-
gary structures ol the primary and secondary Jangoages
difTer greatly (for discussion sec Kuhl, 1998). In this
scenariv, for example, the decline in infant performance
15 not due 1o the fact that American English /r/ and /1/
soundx have not been presented within o eritical win-
dow of time, bur rathec that the infant's development of
a mental map for Japanese plionemes has created a map
in which /r/ and /1/ are not separated. Thx effeet of
the leaming experience could be thought of as operating
independently of, and perhaps in parallel wich, smct
biological timing, as stipulated by a critical period. By
amalogy 16 studics in other developing sysiems, this
model might be called experience-dependent.

This view of early speech development incorpo-
rates some of the new data demonstraing thar children

with dyslexia, who lave language and reading difficul-
tics and are past the early phases of kinguage develop-
micnt, can nonetheless khow significant improvemems
in hanguage ability after treatment with a strategy that
assistx them in separating xound categories (Merzenich
o al., 1996; Tallal er al., 1996). ‘Vhese children and
others with language difficulties {Kravs ¢7 2/, 1996)
often wanna( separate simple xounds such asx /b/ and
/d/. By the activity-dependent model, these ¢hildren
have either not been able 1u separate the phonemex of
language and thus have not developed maps 1hat define
the distinct categonies of specch, or they have incorrect
maps, pruducing difficutves with both spoken Linguage
and reading. The treatment was computer-medificd
speech that increaxed the distinctsvéness of the sound
categuries and may have allowed the children
develop (o the first time a distinet and correct category
represenmdion for each sound, and to map the under-
lving wpace. Although childrea were doing this well
after the rime at which it would have oceurred normally
in development, theis ability 1o do so may have
depended on the fact that they had nnt previously
developed 3 eompeting map that imerfered with this
naw development. Thix hypothesis suggests that cven
dyslexic adulis might bencfit from such treatment, i
the lack of normal mapping eftcetively extended the
critical period.

Another test of the experience-dependent hypoth-
esis for critsical perjod closure might be to study con-
genitally deaaf parienis, nol exposcd To sign language,
who have buen nutfitted with cochlear implamx ar
different ages. I the critieal period closes simply
because of auditory input crealing brain maps foy
sound, the complete absence of input might leave the
critical pertod as open in 8- or J8-year-olds as in new-
borns. Alternatively, if some malurational process is
alko acevrring, and/or i enmplete deprivation of
inputs has negative effecis, the critical pericd might
close as uxua), or be extended, bur not indefinitely. To
date, insufficient data are avaidable o address these
issues because cochlear implants of excellent acoustical
quality have only recently become nvailable, and rela-
tively few children have been implanted (Owens und
Kessler, 1989). Flowever. even though deaf children
who lcamn sign tangiage a1 different ages are presum-
ably not mapping any other languages prior w acquir-
ing ASL. their decreasing fluency in ASL as a function
of the agc of leaming does suggest that the @paciny to
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learn shows at least some decline with age, even without
competing sensory experience (Newport, 1991).

‘The end of the sensitive penind may not be char-
acterized by an absolute decrease in the ability to learn
but rather by an increased need for enhanced and
arousing inputs. [n other systems, such as the develop-
ing auditorv-visual maps of owls, the riming and even
1he existence nf sensitive periods have been found 10
depend on the richness of the animal’s social and sco-
sory environment (Brainard and Knudsen, 1998). In
speech developmend, the inpuis provided by adults
who produce exaggeruted, clear speech (“parentese®
or infant=directed specch) when speaking 10 infanes
may be erucial. “This speech, which provides a signal
that empbasizes the relevant disunetions and mcereascs
e comrast between phonetic instances, could be
rehited to the kind of treatment thar s effective in
treating children with dyslexia. This caes the possibi-
lity, for example, that Jopanese adults might also be
assisted in English learning by raining with phonemes
that cxagyerate the differences between the caregories
75/ and /1. These adules hive a competing map, but
exaggerated sounds might muke e casier to creare 4 new
map that did noe interfere or could coexist with the
original one (brmulated for fapanese Studies so show
thae trining Japancse adults by using many instanees of
American English /c/ and /1/ improves their perfor-
mance (Lively ¢ ol 1993). Thus, both exaggemted,
clear insfances and the great vasiabaliey characreristic of
infani-directed <peech may promote learning after the
normal critical period.

[n thesengbird ficld. it has been known (or some
time that the nature of the sensory experience affects
1he hird's readiness 10 leamn song. For instance, early
exposure o conspecific song gradunlly eliminated the
willingness of chatfinches 1o learn heteroxpecific song,
ar conspecitic song with unusuat phrase order (Thorpe,
£958). Similarly, birds barn fate in the breceding eason
of a year, when adules have largely stopped singing,
were abie 16 acquire song later than sibliogs born ecartier
in the season and thus exposed to much more song
{Kraodsma and Pickert, 198(}). Mure specific demon-
strations thar the type of auditory experience ean affect
or delav the cloxure of the cririeal perind come Irom
studies of othey speties. especially z¢bra Hnches.
[mmelmann (1969) und Slater ¢/ af. (1988) showed
that zebm Hinches tutured with Bengalese finches were
able 1o incorporare new zebro Gneh torors ino their

songs a1 4 time when zcbra finches reared by conspe-
cifics would not. ‘T'his suggested that the tack of the
conspecific input most desirable to the brain left it open
ro the correct input for longer than usuat. Even more
deprivation, by raising finches only with their nonsing-
ing mothers or by isolating rhem after 35 davs of age,
gives rise to finches that will incorporate new song
¢lements or even full songs when expased 10 tutors as
adules (Eales, 1985; Morrison and Notiebohm, 1993).
Thix is reminiscent of activity dependence in other
developing systems, such as the visual system, in
which a lack of the appropriate experience can delay
closure of the critical period. Although unresolved in
birds, it scemy likelv rhat the critical period can be
extended in this way, aithough not indefinitely (except
perhaps in open tearncrs).

A caveat is that it may not be the sensory experi-
ence but the motor activity assacieed wirh learning (or,
s always, both the sensory and motor activity inger-
woven) that decreases the capacity to learn. This has
heen tittle xtudied in humans, but in chaffinches, crys-
tallizarion was associated with the end of the ability of
the birds to incorporate new song (Thorpe, 1958). This
is 1150 a posability sugyested by Nottebohim's experi-
ment, in which casmared birds that had not vet sung
were still able 10 learn new tutor song. Because testos-
terone induces singing, perhaps it is nnt a direct effect
of hormunes that closes the critical period, but some
conseguence of the motor act of singing. To dissociate
these possibilities  will requirc more  experiments,
because under normal conditions asidrogens invariably
cnuse singing and song ervsullization (Korsin and
Bottjer, 1991, Whaling et «/.. 1983). Zebra finches
rised 0 isolation do incorporate 31 least some new
svllables as adulis even though 1hey have already been
singing (isolate) song (Morrison and Nottebohm, 1993;
Jones et ul 1996); these studics do not serile the
issue, however, beause the birds that showed the
most new learning were also the least crvsm)tized
(Jones ¢ #l., 1996).

SOCIAL FACTORS

Closure of the critical periad is also affected by sacial
factors. Although young white-crowned sparraws learn
mast of their conspecific song from cither tapes or live
turtors heard between davs 14 and 50, Bapnista and
Peirinovich (1986 showed that these birds will even
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Jearn from g heteraspedific song sparrow afker 50 days
of age if they are exposed 10 a live tutor. In 2¢chra
finches, social factors interacting with avditory tutursng
mav explain some of the conflicung results on whedher
and for how tong the critical period tan be kept open:
birds rassed with onhy their mothers rhowed extended
critica} periods, whereas birds raised with hoth fumales
and (muted) miles, or with siblings, did not khow late
learming (Aamade ¢f ol 1995; Volman and Khanna,
1995, Walhausser-Franke ¢ al.. 1993). Jones o al,
(1996) directy tested the cffeel of different social set-
tings on Jeprning in finches. They showed that major
chungex of song in adulthood were rase and were found
onlv in the more socially inipoverished groups, It will
bu crocial to try W tase social and acoustic factons
apart. Although the neural mechanisms of soeial factors
(peshaps bormony) in mature) remain unclew, their

effects are certainly potent; merely the presence of

females caused males 1o have larger song nuelei than
males in otherwise identical photoperindic conditions
(‘Tramontin ¢7 ul., 1997).

In both songbirds und humans, it stems Bkely tha
a number uf factors act in concert v grmdually close the
¢ritical period, fust ax a nsmber of factors control the
selectivity of learning. Maturion, auditory expe-
ence, social Getors, and hosmones (which could be
the basis for the msturational or souil eflectx) can all
be shown o aflfect the onset and offker of Jerning.
When learning oceurs in normal sentings, these factors
all propul baarning in the same dieection. When some ot
all of these factors ar¢ disropted, the crivieal periad ¢an
be extended. although prabably not indefinitely.

CONCI.USIONS

Recurrent themex emerge when the comparable fea-
tures of birdsoog and speech learning are studied:
innate predispositions, avid learning buth pereepiually
and vacally, critical periods, sodal snNuencey, and comn-
plex neural substrates. The parllels are swtriking,
although certainly there are differences. Both the com-
monaliticy and the differences point to the gaps in our
knowledge and suggest future directions for buth Relds.

T'he grammar and other aspects of meaning in
human speech are the most obvious differences
hetween birdsong and specch. These differences sug-
guxt that although human specch is undoubiedly built
on pre-exisiing brain structures in other primates,

there must have been 2n enormous evolutionary step,
with onvergence of cogmitive aapacities as well as
guditory and motar «kills, in order to create the flexible
tool that is lapguage. Tn contrast, it seenwx o smaller
jump {rom the suhoscine birds that produce struciured
song but do not learn it, o songhirds. Nonetheless, a
critival step shared by avian voel learners with bumang
must have been to involve the suditory system, buth for
learning of others and for allowing the flexibiliry 10
change the vocal motor map. In fiwet, the exisrente of
closelv related nonlearners as well as of numerouns dif-
ferent specics (hat learn ix one of the features of hied-
song that has allowed more dissection of innate
predixpoxifions than is possible with humans, (v may
stem that more is prespeeificd io songbirds, with their
learnjng preferences and isolate songs. Many of the
analogous experiments, however, cinnot be done or
sisly vave not et heen done in humans, for instanee
examining whether newborn monkeys aod humans
prefer conspecific sounds vver other voralizations,
and il sa, what avoustic caes dictace chis preference.
Neurophysiologica) analysis of high-level auditon
arcas in Young members of both groups (using mcre-
elecirodes in songbicds and perhaps event-related
potentials in hunmans), and comparisons with son-
human primaies and other birds, should provide
instht into what the briin recognizes (rom the vatser,
how il thanges with experience, and how it differs (o
nonjearners.

The aarly perceptual lcarning in both bumans and
songbirds seems different from many other torms of
learning: it docx not requive much if any external
reinforcement and it occurs rapidly, What mechanisms
might underlie this’ In songbirds it is known thai
songs e be memorized with just a (vw expericnces,
whereas in humans this area is ax yet woexplored.
Although human vocal teasning seems to be mpid, it
is not known {f i1 takes 10 minutes or 4 hours a day (o
induee the kind of perceprual learning seen in infants,
or whether the input has to be i a certain quality or
even from humans, Both groeps seem 1o have enor-
mous dgifentiveness 10 the signals of their own specics
and, i most cases, chooge to leamn the nghe things.
This tould be due to a triggering of a prespesfied
vocal module, us has often been suggested, it could
be that nuditory or sttentional systerny have inmate
predispositions that guide them, or it could simply
be that Jearning in each case is specific (o sounds
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