Fossl markers of language devel opment:

phondogicd ‘dednesses in adult speed processng
Emmanuel Dupow' and Shaon Peperkamp'™

Abstrad

The sound pettern of the language(s) we have head as infants affeds the way in which we perceive
linguistic sounds as adults. Typicdly, some foreign sounds are very difficult to perceve acarately,
even after extensive training. For instance native speskers of French have troubles distingushing
foreign words that differ only in the paosition of main stress French being alanguage in which stressis
not contrastive.

In this paper, we propase to explore the perception of foreign sounds crosslinguisticdly in order
to understand the processes that govern ealy language aquisition. Spedficaly, we propose to test the
hypothesis that early language aquisition begins by using only regularities that infants cen observe in
the surface speed stream (Bottom-Up Boaotstrapping), and compare it with the hypothesis that they
use dl posdble sources of information, including, for instance word baundaries (Interadive
Boatstrapping).

We set up aresearch paradigm using the stress gstem, sinceit all ows to test the various options
at hand within a singe test procedure. We distinguish four types of reguar stress gstems the
aaqquisition of which requires different sources of information. We show that the two hypotheses make
contrastive predictions as to the pattern of stressperception of adults in these four types of languages.
We onclude that crosslingustic reseach of adults gpeed perception, when coupled with detail ed
linguistic analysis, can be brougtht to bear on important issues of language aquisiti on.

Index: phondogicd ‘dedness, language aguisition, phontogicd bodstrapping,

stressperception, crosslinguistic studies

1. Introduction

Recant reseach has demonstrated that language
aqquisition begins at avery ealy age and poceels
at an amazingly fast pace During the first yea of
life, infants find ou important parts of the
phondogicd structure of their maternal |anguage
and begin to reamgnize and store frequent words.
One caucia question for models of language
aqquisition concerns the mechanisms underlying
these developments. In particular, the guestion
arises as to what type of leaning agorithm infants
use to extrad phondogicd and lexicd
information. The more spedfic question we ae

interested in is whether leaning the words of
one’'s language is independent from leaning the
phondogy, or whether the two processes are
interleaved and interdependent.

In this paper, we daim that crosslinguistic
studies of the end-state in adults can shed light on
these developmental questions. We rest our claim
on the finding that ealy expaosure to a language
has a lasting impad on speed processng routines
in adults. That is, listeners use a processng
apparatus edficdly tuned to their materna
language. Consequently, they have a lot of
difficulty in deding with soundstructures that are
alien to the language they head as infants. They
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display what we cdl phondogicd ‘dednesss’;
that is, they have troubes discriminating
phondogicd contrasts that are not used in their
native language. Moreover, the phondogicd
‘dednesss are robust, in that - analogously to
patterns of foreign accent in production - they are
resistant to learning a second language, and even
to spedfic training. We hypothesize that
phondogicd ‘dednesses originate in the
aqquisition duing the first few yeas of life. We
therefore propose to look at perception in adults
crosslinguisticdly, in order to gain insight into the
aquisition processes that they went through
during these first yeas. Crucially, we propcse to
test the predicted ‘dednesses in various
languages acwmrding to dfferent theoreticd
options regarding ealy language aquisition.

The outline of this paper is as follows. In
sedion 2, we epose some badkground dita
regarding, on the ore hand, phonéogicd
processng and aaquisition, and, onthe other hand,
lexicd processng and aayuisition. In sedion 3,we
present two hypotheses concerning the relationship
between phondogicd and lexicd aaqquisition, i.e.
Bottom-up  Bootstrapping and  Interadive
Boatstrapping. In sedion 4, we propcse to test
these hypatheses by means of a aosslinguistic
study on the perception d stress by spekers of
languages that differ crucialy in their stressrules.
That is, we mnsider four types of regular stress
systems the aguisition d which requires diff erent
sources of information, and we discuss the
predictions following from the two hypotheses
regarding the pattern of stressperception d adults.
Finally, a summary and some cncluding remarks
are presented in sedion 5.

2. Experimental data

2.1 Phonological processing and
acquisition

During the first yea of life, infants acquire many
phondogicd properties of their native language
and lose their sensitivity to phondogicad contrasts
that are not pertinent. In this sdion, we review
data mncerning language-spedfic phondogicd
processng in aduts and its relation to
phondogicd aayuisition. In particular, we ded
with the segmental inventory, phondadics, and
suprasegmentals, respedively.

2.1.1 Segments

It has long been known that speed perception is
influenced by phondogicad properties of the
maternal language (Sapir 1921 Polivanov 1974).
Much experimental evidence has been gathered
concerning this influence For instance Goto
(1971 has documented that Japanese li steners map
American [I] and [r] onto their own, single, [R]
caegory, and, as a result, have alot of difficulties
in dscriminating between them. Similarly, the
contrast between the retroflex and dental stops [{]

— [t] is very difficult for the English, bu not for

the Hindi spedker (Werker & Tees 1984h. This
contrast is, in fad, phoremic in Hindi, whereas
neither of the stop consonants involved occurs in
English; rather, English uses the dveolar stop [t].
Note, however, that not all foreign contrasts are
difficult (Polka 1991, Best, McRoberts, & Sithde
1988. For instance, Best et al. foundthat English
subjeds do nd have difficulties in discriminating
different Zulu clicks from one ancther.

The Perceptual Assmilation Model (Best
1994 ams at explaining these differences. In
particular, it states that a foreign sound is
asdmilated to an existing segment in the native
language if the aoustic charaderistics of both
sounds are dose enowgh. In this case, listeners are
only able to judge whether the foreign soundis a
good a a bad exemplar of the segment to which it
has assmilated, bu they do nd have accssto its
detailed phoretic charaderistics. Consequently,
two dstinct foreign sounds that are asgmilated to
the same segment in the native language and that
are qually bad exemplars of this segment will be
very difficult to dscriminate. Such is the cae for
Japanese spekers with the American [I] - [r]
contrast, bah [I] and [r] being assmilated to
Japanese [R], as well as for the English spekers
with the Hindi [t] — [t] contrast, bah [{] and [t]
being assmilated to English [t]. By contrast,
foreign sounds that are too dstant from al of the
native segments will not be assmilated at al and
listeners will be &le to make fine phoretic
discriminations between them. This is ill ustrated
by the succesdul discrimination d different Zulu
clicks by native speders of English.

The dfeds of the maternal inventory on
adult perception are very robust, and resist to the
aquisition d a seandlanguage. Thus, even ealy
and hghly fluent bili nguals have difficulties with
nonnative vowel contrasts, as iown in Pdllier,
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Bosch & Sebastian-Gallés (1997). In this gudy,
subjeds are Spanish-Catalan hilinguals who have
begun to aaquire their second language between
four and six yeas of age, and have used it
extensively theredter. The two languages differ as
to the number of vowel phoremes; Spanish has a
five-vowel system, while Catalan uses two more
vowels. Crucially, subjeds whose native language
is Spanish are shown to use exclusively the more
restricted Spanish vowel system for the purpaoses
of speed perception and spoken word recognition.

Finally, eledrophysiologicd  studies
suggest that effeds of the phoreme inventory
occur very ealy during on-line speed processng.
Thus, Na&éanen et al. (1997 presented repeaed
sequences of the same vowe, followed
occesionally by a diange in vowel. They found
that the Mismatch Negativity (an
eledrophysiologicd comporent that correlates
with detedion d a dange in stimulation) is
moduated as a function d whether the vowel is
part or nat of the phoreme inventory of the
language. That is, 100to 240ms. after the vowel
onset, the perceptual system is arealy influenced
by the vowel inventory of the native language.

All in al, these data suggest that listeners
use aset of language-spedfic phoreme caegories
during speed perception. This raises the question
as to hov and when infants aaqquire their native
segmental inventory. Concerning the age & which
infants tune to the inventory of their language,
Kuhl et al. (1992 have shown that American and
Swedish 6-month-old infants rea¢ spedficdly to
vowels that are prototypic in their materna
language. Furthermore, Polka & Werker (19949
foundthat at the same ae, infants begin to lose
their sensitivity for nonnative vowel contrasts.
That is, 6-month-old Engli sh-aaquiring infants fail
to discriminate between the German lax vowels /y/
and /u/ as well as between their tense counterparts

Iyl and /u/; thefirgt, front, vowel in ead pair isnat
part of the English inventory. Between 10and 12
months, infants smilarly lose the aility to
discriminate nonnative nsonantal  contrasts
(Werker & Tees 1984). Regarding the way in
which infants aqquire their segmenta inventory,
Kuhl et al. (1997 found that mothers addressng
their infants produce aousticdly more extreme
vowels than they do when addressng aduts,
resulting in a ‘stretching’ of the vowel space This
shows that language inpu to infants provides well -
spedfied information abou the phoremes, and
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suggests that a purely datisticd extradion
agorithm could establish prototypes for the sounds
of the native language.

2.1.2 Phondadics

Language phondogies differ in properties other
than the inventory of phoremes. Notably, they
differ in the way in which phoremes can co-occur
in words. These phondactic properties appea to
influence speet processng routines, in that non
words with a high phondadic probability are
procesed faster and more acarately than non
words with a low phondadic probability (Brown
& Hildum 1956 Vitevitch et al. 1997 Gathercole
et al. 1999. Furthermore, phondadics have been
shown to bias the perception o individua
segments. For instance Massaro & Cohen (1983
found that synthetic stimuli that are ambiguous
between /r/ and /I/ tend to be percaved as /r/ when
precaded by /t/ and as /Il when preceaded by /9.
The interpretation given by Massaro and Cohen is
that perception is biased towards segments that
yield the legal clusters /tr/ and /dl/, rather than the
illegal clusters /tl/ and /st/ (see &so Pitt 1998.
Similarily, Halé et al. (1998 found that ill egal
onset clusters in French are perceved as legal
ones. In particular, illegal /dl/ and /tl/ are
perceved aslega /gl/ and/kl/, respedively.

It has even been reported that in some
contexts, illegal sequences of phoremes yield
perception o illusory segments. For instance
Japanese syllables canna have mplex onsets
(except for consonant-glide onsets) and canna
have mdas (except for nasal consonants and the
first half of geminates). Dupoux et al. (1999
foundthat Japanese subjeds report the presence of
an epenthetic vowel [u] between consonants in
nonwords like [ebzo]. They also found that
Japanese subjeds have problems discriminating
between, for instance [ebzo] and [ebuzo]. This
was found even in subjeds who were quite
proficient in French, a language which authorizes
both coda @nsonants and complex onsets.
Moreover, in an eledrophysiologicd study,
Dehaene-Lambertz, Dupoux & Gout (in pres9
found that the dfed for phondadics arises as
ealy as that of the phoreme inventory investigated
by N&&adnen et al. (1997 and reported above.
These results, then, suggest that phondadics play
a role so important as to creae the illusory
perception d segments.
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As to infants' sensitivity to phondadic
properties, there is evidence that it equally arises
during the first yea of life. For instance, Friederici
& Wes=ls (1993 showed that 9-month-old Dutch
infants prefer to listen to phondadicdly lega
words rather than to illegal ones. Similarly,
Jusczyk, Luce & Charles-Luce (1994 found that
9-month-old American infants, when listening to
monasyll abic nonwords, prefer those with a high-
probability phondadic pattern rather than those
with a low-probability phondadic pattern.
Jusczyk et al. (1993 reported, furthermore, that 9-
month-old American infants listen longer to
unfamiliar English words than to Dutch words.
The latter contain segments and sequences that are
illegal in English, suggesting again that infants of
this age ae sensitive to the phondadics of their
language. This is corrobarated by the finding that
no dfferences are foundwhen the stimuli are low-
passfiltered, hence did na contain any segmental
information. Note, however, that we do nd yet
know whether at the same age, the presentation o
illegal clusters yields the perception o ill usory
segments as documented for adults.

2.1.3 Suprasegmentals

Finally, languages differ in suprasegmentals andin
particular, in the use of word-internal prosody.
Two examples might ill ustrate this. First, consider
stress in Spanish and French. In Spanish, stress
fals on ore of the word's last three syllables
(Navarro Tomas 19695, and there ae minimal
pairs of words that differ only asfar as the location
of stressis concerned, for instance bébe ‘(s/he)
drinks' - bebé ‘baby’. In French, by contrast, stress
does not cary lexicd information. Rather, it
predictably falls onthe word’ s final vowel (Schane
1968 Dell 1973. Thus, spedkers of Spanish have
to process and represent stress to identify the
lexicd item(s) intended by the spedker. Spedkers
of French, by contrast, do nd neal to process
stress at least not in the same way." Dupouxet al.
(1997 found that French subjeds are ‘ded’ to
stress That is, French subjeds — as oppacsed to
Spanish subjeds - exhibit grea difficulties in
discriminating nonwords that differ only in the
locaion d stress Ancther example of word-
internal prosody concerns the use of vowel length.

! Rather, stress may be used as a e to word
segmentation (Trubetzkoj 1939 Rietveld 198Q.
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In Japanese, but not in French, vowel length is
contrastive. Thus, we find minimal pairs in
Japanese such as [to] ‘doa’ and [tog] ‘tower’. In
French, by contrast, vowel length is not used to
make lexicd distinctions. Accordingly, Dupoux et
al. (1999 found that French, bu not Japanese
listeners have grea difficulties in dstinguishing
between nonwords that differ only in vowel
length.

Little is known abou the aquisition o
suprasegmentals in yourg infants. However, there
is evidence that newborns are drealy sensitive to
some global suprasegmental properties. In
particular, it appeas that on the basis of these
properties, they distinguish between their native
language and a foreign language, as well as
between dfferent foreign languages. Thus, Mehler
et al. (1988, 199% found that French infants
discriminate both between French and Rusdan
utterances and between English and Itaian
utterances. The stimuli were low-pass filtered,
indicaing that discrimination can be adieved on
the basis of suprasegmental information orly.
Similarly, Moon, Cooper & Fifer (1993 found
that English-aaquiring newbarns prefer to listen to
English rather than to Spanish sentences, while
Spanish-aaquiring newborns dow the reverse
preference pattern (see &so Nazz, Bertoncini &
Mehler 1998.

Furthermore, Jusczyk et al. (1993 showed
that 6-month-old American infants prefer to listen
to English rather than to Norwegian words, while
they fail to show a preference for English words as
oppcsed to Dutch words. These results also hdd
when the stimuli are low-passfiltered, suggesting
that infants are sensitive to suprasegmental
properties that are typicd of their native language;
English and Dutch indeal share many of these
properties, whereas Norwegian suprasegmentals
differ substantially from those of English. Along
the same lines, Jusczyk, Cutler, & Redantz (1993
foundthat 9-month-old American infants prefer to
listen to disyll ables with the metricd pattern which
is predominant in English, i.e. with stress on the
first rather than onthe second syllable. However,
this experiment has not been caried ou with a
language that shows the reverse metricd pattern. It
could, therefore, be the cae that the obtained
preference of American infants gems from a
universal bias, rather than being related to the
predominant metricd pattern of disyllables in the
native language.
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Finally, it is currently unknown at what
age infants begin to exhibit the type of ‘degness
to foreign prosodic contrasts that has been found
in adults.

2.2 Lexical processing and acquisition

During the first yea of life, infants not only
aqjuire many phondogicd properties of their
language, they also begin to buld alexicon. In this
sedion, we review data regarding lexicd
processng and aaquisition.

It has been argued that in adult speed
processng, function words and content words are
procesed dfferently. For instance Friederici
(1985 reported that in a word-monitoring
experiment, resporses to function words were
faster than resporses to content words. This
suggests that function words and content words are
not stored together. In fad, given that the set of
function words is extremely limited, seach
procedures within this st are faster than that
within the set of content words. Similarly, Nevill e,
Mills & Lawson (1992 foundthat the brain elicits

qualitatively different eledrophysiologicd
resporses to function words and content words,
respedively.

There is recent experimental evidence that
the distinction between function words and content
words is aauired ealy in life. In particular,
Shady, Jusczyk & Gerken (1988 (cf. Jusczyk, in
press foundthat 10%>-month-old American infants
listen shorter to passages in which function words
are replacal by nonwords having the same
phondogicd properties. By contrast, they do nd
listen shorter if content words are replaced by non
words having the same phondogicd properties.
This auggests that at this age, infants not only
make a distinction between function words and
content words, bu aso rewmgnize the adua
function words of English. By contrast, they do nd
know the semantics of these words, as evidenced
by afollow-up experiment. That is, infants li stened
equally long to namal passages and to passagesin
which the function words were exchanged among
ead ather, leading to urgrammaticd sentences.

Gerken (1996 and Morgan, Shi &
Allopenna (1996 propcsed that infants aoquire
function words before content words and that they
do so on the basis of phondogicd cues.
Spedficdly, function words typicdly share
phondogicd properties that set them apart from
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content words. In English, for instance function
words are charaderized by having a short duration
and low relative amplitude, a simple syllable
structure, and centralized vowels. Moreover, they
tend to occur utterance-initialy. Shi (1995
showed that taken together, these aes are
sufficient for a self-organizing neural network to
classfy words as function words or content words
with an acaracy of 85-90 percent. Shi, Morgan &
Allopenna (1998 obtained simil ar results with two
urrelated languages, i.e. Mandarin Chinese and
Turkish, suggesting that function words can
universally be set apart from content words on the
basis of aoustic, phondogicd and dstributional
cuesonly.

Asto the beginning of the cmpilation d a
lexicon d content words, Jusczyk & Adlin (1995
showed that it could lie & ealy as 7% mornths of
age. That is, infants of this age listen longer to
passages containing a word to which they are
habituated than to passages that do nd contain
such a word. The same results are obtained if
infants are habituated to passages containing
several instances of certain words and tested on
these wordsin isolation. Thus, infants li sten longer
to words that are contained in the passages they
head previousy than to words that are not
contained in the passages. Moreover, words
appeaed to be stored in a detailed phoretic
representation. For instance, when trained on cup,
infants dhow no reagnition d tup, which dffers
only as far as the placeof articulation d the first
segment is concerned.

Benedict (1979 reported - on the basis of
comprehension tests as well as observational data
in mothers' diary notes - that English-leaning
infants of 10 months comprehend around 10
words; this figure grows to around 40at 12 month,
and to 100 or more & 16 months. Receit
experimental work is consistent with this report.
For instance Halé & BoyssnBardies (19949
found that a 10 months of age, French infants
prefer to listen to alist of 12 famili ar rather than to
a list of 12 urfamiliar words. More surprisingly,
Mandel, Jusczyk & Pisoni (1995 reported that
4Y>month-old infants recognize their own name.
Spedficdly, infants were shown to prefer to listen
to their own name rather than to names with the
same number of syllables and the same stress
pattern. Moreover, such preference disappeas if
the initial phoreme of the infants name is changed
(Nazz & Jusczyk, personad communicaion).
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Hence reagnition o the proper name of the
infant seems to be based on pedse segmental
information rather than on global prosodic

properties.
2.3 Open questions

As it is apparent in the &ove review, bah
phondogicd aayuisition and lexicd aauisition
begin very ealy in life aad develop rapidly.
However, many questions regarding the
mechanisms that are resporsible for such speedy
aaquisition remain open and the proposed leaning
mechanisms contain paradoxicd circularities. On
the ore hand, the aquisition d cetan
phondogicd properties, such as phondadics or
the typicd prosodic shape of words, seams to
require the prior aqyuisition d a lexicon d a
ressonable size in order to extrad some stable
statistics. On the other hand, lexicd aayuisition
itself seans to require some prior phondogicd
knowledge, such as phoreme cdegories and
language-spedfic word boundry cues. This raises
guestions regarding the relative time ourse of
phondogicd and lexicd aayuisition, as well asthe
potential interadions between the two processes.
In the next sedion, we eamine the various
theoreticd alternatives.

3. Setting upthe reseach framework

3.1 Assumptionsand hypotheses

Before discusang diff erent theoretica pathways in
ealy language aquisition, let us first describe
threeunderlying assumptions (cf. Mehler, Dupoux
& Segui 1990. First, infants have a innate
universal phoretic  representation.  This
representation encodes gpeed sounds and keeps
al phoretic distinctions that can in principle be
used contrastively, while reducing the importance
of nontlinguistic variables sich as talker voice
length of vocd trad, and badkground nase.
Semnd,infants smilarly acquire alexcon of word
forms during the first yeas of life. This lexicon
distinguishes between content words and function
words. Third, duing the first yeas of life, infants
aqjuire a language-spedfic prelexical
representation. This representation is intermediate
between the universal phoretic representation and
the lexicon. It is discrete and encodes only a small
subset of those segmental and suprasegmental
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distinctions that are available & the universa
phoretic level. It thus gedfies the format under
which the lexicd items are stored. Once agjuired,
the prelexica representation is assmilatory; that
is, foreign sound ptterns are admilated to the
closest native sound pattern.” This holds not only
for the segmental inventory, as in the Perceptual
Asdgmilation Model of Best (1994, bu also for all
other aspeds of phondogicd structure, such as
phondadics and suprasegmentals. For instance
foreign words that contain ill egal syllabic structure
will be regularized through the assmilation to
existing syllables in the native language (Dupoux
et al. 1999. Finally, the prelexicd representation
iscrystalli zed in the ault; that is, it remains gable
even after extensive eposure to a sewnd
language. All these properties result in patterns of
phondogicd ‘dedness for cetain nonnative
contrasts, i.e. thase cntrasts involving sounds that
are agmilated to a single sound @ttern in the
prelexicd representation.

Within this framework, the agquisition
problem can be stated as follows: At birth, the
language-spedfic prelexicd representation and
lexicons of content words and function words are
unavail able to the infant, while afew yeas later,
the agquisition d these wmporents has been
completed; how, then, has this been aceompli shed?
The paradox is that eat ore of these comporents
of the procesgng system seems to require the prior
aquisition d the other one before it can itself be
aqquired. On the ore hand, lexicd aaquisition
seans to require a language-spedfic prelexicd
representation. In fad, a given word can surfacein
a nea infinity of phoretic forms that - if the
lexicon were nstructed on the basis of a
universal phoretic representation - would al be
mapped orto separate lexicd entries. On the other
hand, in oder to aquire a prelexicd
representation, infants sam to need minimal pairs
in order to dedde which variation is pertinent; that
is, they need to have alexicon. This bodstrapping
problem is one of the most puzZing questions in
ealy language development. In the following, we
discuss two theoreticad posgbiliti es to solve the
puzzZle. The first one we dub Bottom-Up

2| the foreign sound is too far away from any native
sound (asin the cae of Zulu clicksfor English
spedkers), it isnot assmilated but perceved on apurely
phonetic basis (seeBest et al. 1988.
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Figure 1: compilation d prelexicd representationin ealy
language acquisition

Bootstrappng, the sewmnd ore Interactive words would be aquired from the universal

Bootstrapping.

In Bottom-Up Boatstrapping, acquisition
begins on the basis of the aoustic signa only, and
proceals quentialy; once a omporent is
aqquired, the next comporent comes into pay,
using only information available & lower levels
(cf. Mehler, Dupoux& Segui 199Q Christophe &
Dupoux 1996 Mehler et al. 199. In ou
framework, this would mean that the prelexicd
representation would be aquired first, exclusively
on the basis of information that is available in the
universal phoretic representation.  This
representation would then be used to extrad
words. Given that only partia linguistic
information would be available for the compil ation
of the prelexicd representation, it would nad
necessrily be fully optimized for the native
language. In particular, in the @sence of lexicd
information, evidence based on the presence or
absence of minimal pairs would na be taken into
acourt. Allophores, then, would generally be
encoded separately.® In ather words, the prelexica
representation would contain some redundancy.

In Interadive Boatstrapping, by contrast,
lexicd and phondogicd aaquisition begin
simultaneously and interad with ore ancother. In
our framework, this would mean that part of the
phondogicd representation would be aquired
bottom-up through inspedion d the phoretic
representation, and part would be aquired onthe
basis of lexicd information. Similarly, the first

% In Peperkamp & Dupoux (submitted), we ague that
some dlophones can be deteded on the basis of the
phonetic representation only.

phoretic representation, while they would be
recmded more and more é&stradly as more
phondogy becomes available. Thus, in Interadive
Boatstrapping, eat comporent could in principle
be optimized for al language-spedfic properties,
all relevant sources of information keing avail able.
As to the prelexicd representation, its acquisition
would continue until al redundancy would have
been removed. In ather words, al and ony those
distinctions that are used contrastively would be
encoded.

3.2 Theacquisition of the prelexical
representation: atypology

In the remaining part of this paper, we compare
Bottom-up  Boodtstrapping and  Interadive
Boatstrapping by focussng on the aquisition d
the prelexicd representation. The question we
investigate concerns the types of information that
dlow infants to compile the prelexicd
representation and dedde whether a given
phondogicd distinctionisto be kept or not in this
representation. The prelexicd representation is
shown in Figure 1; the square bradets represent
the utterance boundries. The four types of
information that could be taken into acourt
during the ompilation d the prelexicd
representation are numbered in increasing order of
complexity. First of all, Type | information can be
extraded from the universal  phoretic
representation. Type |l information can be
extraded from the prelexicd representation itself
by making reference to adready aauired
phondogicd properties. Type Il information
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regards the distribution and shape of function
words. Finally, Type IV information concerns the
locaion d content word boundries in the
utterance.

Bottom-up Boatstrapping and Interadive
Boatstrapping make different predictions as to the
types of information that can affed the
compilation d the prelexicd representation. That
is, acording to Bottom-up Bootstrapping, orly
low-level information, i.e. Type |l and Typell, can
affeda prelexicd aaquisition; acording to
Interadive Bootstrapping, by contrast, high-level
information, i.e. Type lll and IV, might also come
into play. ‘Dednesses originating from Type |
and Type Il information, then, would suppat both
Bottom-up  Bootstrapping and  Interadive
Booatstrapping, while ‘dednesses’ originating from
Type Ill and Type IV information would provide
evidence in favor of Interadive Boatstrapping
only.

We can nowv clasdfy phondogicd
generdlizations acording to the type of
information that is required in arder for them to be
observed. Thus, a phondogicd generalization o
Type 1 is a generdi zation that can be observed on
the basis of Type 1 information, and so forth. We
exemplify one by one the four types of
generalizations and cetermine the @rrespondng
dednesss that are or might be atested. First,
regarding Type |, certain generalizations relevant
to the prelexicd representation are diredly
observable on the basis of the universal phoretic
representation. For instance, there is me
evidence that the distribution o vowels around
language-spedfic prototypes is observable & an
aooustic level (Kuhl et al. 1997. Consequently,
one observes an ealy prelexicd aqyuisition o
prototypic vowels in the language (Kuhl et al.
1992, yielding language-spedfic ‘dednesses to
contrasts of vowels that are phoreticdly different
but map orto the same prototype (e.g. Pallier,
Bosch & Sebastian-Gall és 1997).

Seoond, Type Il generali zations require the
prior agquisition d other aspeds of the phondogy
of the language. For instance German has both
voiced and urvoiced obstruents, bu syllable-
finally only the latter can occur (Wiese 1996. In
order for German infants to observe this regularity,
they shodd have acces to German syllable
structure. Thus, once syllable structure is encoded
in the prelexicd representation, the regularity
concerning the asence of syllable-final voiced
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obstruents can be made. Provided that the latter
observation feeds badk on the compilation d the
prelexicd representation, the voicing feaure will
not be encoded in the prelexicd representation for
syllable-final consonants. German adults, then, are
predicted to exhibit a ‘dedness to syllable-final
voicing contrasts.

Similarly, in Italian, vowel length is
alophoric: vowels are lengthened if and orly if
they occur in an open stresed syllable (Vogel
1982. In arder to find this regularity, infants need
to have aquired bah the distinction between open
and closed syllables and the distinction ketween
stressed and urstressed syll ables in their language.
Once such information is contained in the
prelexicd  representation, the higher-order
observation (that is the orrelation d syllable
structure, stress and vowel length) becomes
available. Again, provided that this higher order
observation can feed badk on the compilation o
the prelexicd representation, vowel length is
predicted to be removed from the prelexicd
representation. As a aonsequence, Italian-speaking
adults doud have difficulties distinguishing
between short and long vowels; that is, they shoud
exhibit a“‘dedness to vowel length contrasts.

Third, Type lll generalizations can be
observed orly oncethe distinction ketween content
words and function words is made. For instance, in
Dutch, words can begin with any vowel except
schwa. The prohibition on word-initial schwa,
though, dces not hald for function words, witness
examples such as een [an] ‘a and het [of] ‘it’
(Boadij 1995. Once infants can extrad function
words out of the speed stream, they can olserve
that the remaining strings do nd begin with schwa.
If this regularity is taken into acourt during the
compilation d the prelexicd representation, we
might exped that in adult speed perception,
foreign words with an initial schwa ae
misperceved and asgmilated to a legal word-
initial vowel.

Fouth, in oder for Type IV
generdli zations to be observed, the boundxries of
content word have to be available. For instance, in
Northern varieties of Standard Italian, the contrast
between [s] and [Z] is alophorc; that is, within
words, [z] surfaces before voiced consonants and
in intervocdic paosition, while [s] occurs
everywhere dse (Camilli 1965 Nespoar & Vogel
1986. In intervocdic paosition within plrases,
then, bah [z] and [s] occur, depending on the
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presence or absence of aword boundry within the
sequence Thisisill ustrated in (1).

@ a buz]ecca
b. bu[s] ecologic

‘bovine tripes’
‘ealogicd bus

Therefore, infants need to segment utterances into
separate words in arder to find the generali zation
concerning the distribution o [s] and [Z].* If word
boundxries or lexicd knowledge can influence the
compilation d the prelexicd representation, ore
might exped that intervocdic [z] will be readed
as underlying /¢/. ltalian-spesking adults, then,
shoud exhibit ‘dedness to the ontrast between
intervocdic [s] and[Z].

The inventory presented above does not
exhaust the type of ‘dednesses that could
theoreticdly arise. We might envision cases where
only knowledge of syntadic caegories or
morphdogicd decompasition can inform the
prelexicd level that some distinction is irrelevant
and hence ca be removed from the representation.
The predictions are the same: if such high-level
information is avail able to infants while they are
compili ng the prelexicd phondogicd
representation, then a ‘dedness to this type of
distinction shoud be observed in adults.

In the examples given above, different
phenomena (neutralization, alophonc variation,
phondadics) were involved. Hence, testing these
four types of predicted ‘dedness would involve
using different materials and experimental
paradigms. In the remaining part of this paper, we
exemplify the four-way distinction with the stress
system, which allows to construct a single
experimental test that can be @plied cross
linguisticdly.

4. A crosslingustic test case: stress
‘dedness

One domain in which we find limited cgpadties to
percedve phondogicd contrasts that are not
pertinent in the native language is that of stress
For instance, recdl from sedion 2.1.3that French
listeners have grea difficulties perceving the
difference  between nonwords that are
distinguished orly with regard to the position d
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stress such as vasuma - vasima - vasuma
(Dupouxet al. 1997. In contrast, Spanish subjeds
have no groblem in making this distinction.

In ou framework, the stress ‘dedness in
French adults could arise & a wnsequence of the
way infants aaqquire stress In French, stress is
predictable in that main stressaways falls on the
word’s final syllable (Schane 1968 Dell 1973, a
generdlization that can be inferred by infants on
the basis of the universal phoretic representation.
Indeed, since— as we will show in detail in sedion
4.1 —adl utterances end with a stresed syllable,
infants can deduce that stressis not contrastive by
paying attention to the ends of utterances only.
Therefore, they will not encode stress in the
prelexicd representation, and as adults they will
exhibit a‘dedness to stresscontrasts. In Spanish,
by contrast, stressfalls on ore of the word's last
three syllables. Although there ae ceatain
restrictions on stress placement, the existence of
minimal pairs sich as bebé ‘baby’ — bébe ‘drinks
shows that there is no way to reliably predict the
stress locaion in al cases. Consequently, stress
will be encoded in the prelexicd representation.

French and Spanish hence represent two
extreme caes. one in which stress is Type |
predictable, and ore in which it is unpredictable.
In this sdion, we will explore languages that
display stressregularities of the four types defined
in sedion 3. The patterns of stress perception by
adult spedkers of these languages will help to
determine the types of information that are taken
into acourt in the mmpilation o the prelexicd
representation duing infancy, and hence to draw
conclusions regarding the validity of the two
boastrapping hypotheses.

Before going into this, hovever, we shoud
define what is meant exadly by studying the
perception o stress crosslinguisticdly. We will
examine stress as it is redized in the subjeds
native language, and hence test the perception o
the aoustic cues that are typicd of stressin the
language under consideration. Crucially, we make
sure that we do nd manipulate variables that could
be percaved as omething else than stressin that
language. The aoustic correlates of stress are
loudress pitch and duation (Lehiste 1970, bu
nat every language uses al three aes to redize

* We astraa away from problems posed by prefixes for
the distribution of [s] and [Z] (seg e.g., Nespor & Vogel
1986 Peperkamp 1997
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stress For instance, in languages with contrastive
vowel length, duation is avoided as a rrelate of
stress(Hayes 1995. Therefore, when procesdng a
foreign language with duation as phoretic
correlate of stress spedkers of languages with
contrastive length might map stressed vowels onto
long vowels and urstressed vowels onto short
vowels. Thus, they can assmilate stressto length,
and consequently, stress ‘dedness will nat be
observed. Similarly, tone languages typicdly avoid
pitch as a arrelate of stress Thus, when
processng a foreign language with ptch as
phoretic correlate of stress spedkers of tone
languages might map stressed vowels onto high
tone vowels and urstressed vowels onto low tone
vowels. In ather words, they can assmilate stress
to tone, and again, stress ‘dedness will not be
observed. For conveniencés ske, we will
continue to use the term stress ‘dedness in
referring to ‘dedness to the phoretic correlate(s)
of stress as present in the subjed’s native
language. For an experimental paradigm that
enables testing the perception d stress in adult
spekers, see Peperkamp, Dupoux & Sebastian-
Galés (1999.

We will now turn to languages with
different stressrules and spell out our predictions
concerning the perception d stress by native
spedkers of these languages. The languages are
clasdfied acording to the type of regularity
presented by their stressrules.

41 Typel

First, let us look at languages in which the stress
rule correspondsto a Type | generdli zation. French
isa cae & hand, the stressrule (‘stress the final
vowel’) making referenceonly to phoretic notions.
Notice that even clitics, which are typicdly
unstressed elements, attrad stress if they are
phrase-final.” Thisisill ustrated in (2).

(2)a coupez [kupe]  ‘cutyen’
b. coupez-les [kupel€]  “cutyyp.q-them’
C. coupez-vous-en [kupevuzg

f Cut|Mp_p|_'y0 ur%lpr_DAT'Of thern’

® Exceptions are je ‘I' and ce ‘it’. These ditics have
schwa & their vowel, which is deleted in phrase-final
position, asin suis-je [syiz] ‘am I’ and est-ce [¢9] ‘isiit’.
In other words, these two clitics do not undermine the
surfaceohservability of stressfalling on the final vowel
either.
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Moreover, although eurhythmic principles induce
destressng rules in French, the final and strongest
stressof an utteranceis never reduced (Dell 1984).
Hence neither the occurrence of enclitics nor
destressng interferes  with  the phoretic
observability of the stress rule. Therefore, all
utterances in French have stress on their final
syIIabIe.6 Infants, then, can infer that stressis not
contrastive, hence neels not be encoded in the
prelexicd representation.

Pitta-Pitta (Blake 1979 Hayes 1999 is
ancther example of a language with a stressrule
that shoud give rise to Type | ‘dedness. This
Audtralian language has fixed word-initial stress
(3), andthere ae no procliti cs.

(3)a.  karru ‘boy’
b. mililpu ‘eyebrow’
C. yapariri ‘young man’

Pitta-Pitta has no monasyll abic words; stressclash,
therefore, never occurs. Thus, all utterances have
stress on the first syllable. Given that stress is
predictable and olservable on the basis of the
universal phoretic representation, bdh the
Bottom-up Booatstrapping hypaothesis and the
Interadive Bootstrapping hypothesis predict that
stress is not encoded in the prelexicd
representation and that spedkers of Pitta-Pitta
exhibit stress‘ dedness.

42 Typell

An example of a stress ystem involving a Type i
regularity is presented by Fijian (Schitz 1985
Dixon 1988 Hayes 1995. In this Austronesian
language, word stressfallsonthefina syllableif it
is heavy; otherwise stress is penultimate. The
language has only two syllable types, (C)VV and
(C)V, where the former is heavy and the latter is

® In southern varieties of French, words can end in an
unstressed schwa. In these varieties, stressthus falls on
the word’s last full vowel. The aguisition of the stress
regularity, then, is more cmplex, in that infants first
have to aayuire the difference between full vowels and
schwa. Conseguently, the stress ‘dedness is of the
seoond rather than of the first type.

Note dso that, dternatively, French has been
charaderized as having phrasal stress with stressfalling
on phrasefinal syllables (Grammont 1965. The
question as to whether French has word stressor phrasal
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light. Suffixes are within the stress domain,” and
there ae no enclitics. Examples from Dixon's
(1988 description d the Boumaadiaead are given
in (4); syllable boundries areindicaed by dats.

(4 alua luaca ‘“vomit — vomit ong’
b.te?evl: te?evi.na ‘start - starty’
C.puléu puléum ‘be cmvered - coverry’

The language permits monaosyllabic words
provided they are heavy. If a monosyllable is
precaded by a word ending in a long vowel or a
diphthorg, a stressclash arises. We do nd know if
and hawv stressclash is resolved in Fijian. Clealy,
if the seoond stress undergoes destressng,
utterancefina stress clash configurations disrupt
the surface stress pattern. Abstrading away from
this potential confound, haevever, we ca
formulate the following surface generalization: in
utterances that end in a word with a final long
vowel or adiphthorg, the final syllableis dressd,
while in uterances that end in a word with a final
short vowel, the penultimate syllable is dressed.
Onceinfants have aqyuired the distinction ketween
heavy and light syllables, they can olserve the
stress regularity. Spedkers of Fijian, then, are
predicted to exhibit stress ‘dedness if this
regularity is taken into acount during the
compilation d the prelexicd representation As
with the Type | regulariti es, this foll ows from both
the Bottom-up Boatstrapping hypothesis and the
Interadive Bootstrapping hypothesis.

43 Typelll

In many languages, stress is predictable and
observable moduo the occurrence of clitics. In
fad, contrary to the situation in French described
in sedion 4.1, clitics are typicdly unstressd,
regardless of their postion in the utterance
Consider, for instance, the cae of Hungarian. In
this language, stress falls on the word-initial
syllable, and clitics are systematicdly unstressed
(Vago 198Q. Thisisill ustrated in (5).

5) a. emberek [émberek] ‘men’

b. az emberek [azémberek] ‘the men’

stressis irrelevant to our point, given that under both
asamptions, all utterances end in a stressed syllable.
" Some suffixes and sequences of suffixes, however,
form separate stress domains. That is, they behave &
independent words phonologicaly (cf. Dixon 1988.
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In Hungarian, then, uterances that begin with a
cliti c have stress on the seaond syll able, while dl
other utterances have stress on the first syllable.
Hungarian has monosyllabic content words, but
stress clash resolution daes not interfere with this
surfacestresspattern (Vogel 1988.

In order for prelexicd infants to discover
the stressrule of Hungarian, they shoud strip doff
utterance-initial  function words and look for
generdlizations in the remaining string. That is,
after removing the initial function word(s), infants
can discover that the remaining string of content
words always begins with a stressd syllable.
Bottom-up Bootstrapping states that such a
discovery canna affed the mpilation o the
prelexicd representation. In fad, acording to this
hypothesis, orly low-level phoretic and
phondogicd information is taken into acourt
during the @mpilation d the prelexicd
representation. As a ansequence, adult spedkers
of Hungarian shoud na exhibit stress‘dedness,
even thowgh stress is nat contrastive in their
language. By contrast, Interadive Bootstrapping
states that all possble sources of information —
including those pertaining to the distinction
between function words and content words - is
used in order to determine which contrasts are
pertinent in the language. According to this latter
hypothesis, stress would nd be excoded in the
prelexicd representation; hence, adult Hungarians
shoud exhibit stress‘ dedness.

44 TypelV

Certain stress rules are observable only if the
boundries of content words are available.
Consider, for instance Piro, an Arawakan
language in which word stress is on the
penulti mate syll able (Matteson 196% Hayes 1995.
Examples from Matteson (1965 are given in (6).
(6) nso ‘genipa

wao ‘rabhit’

rukika ‘he observestabod
fiyahata ‘he aies

Given that there ae no enclitics, the following
generdlization emerges. In uterances ending in a
monasyllabic word, the final syllable is gressed,
whereas in all other utterances, the penultimate
syllable is dressed. In arder to extrad the rule
regarding penultimate stress prelexicd infants
shoudd have acces to content word boundries.

oo oo
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Therefore, the Interadive  Bootstrapping
hypathesis but nat the Bottom-up Boatstrapping
hypothesis predicts that speakers of Piro exhibit
stress ‘dedness, since only in the former can
word boundries influence the compilation d the
prelexicd representation®

Anacther example of a purely phondogicd
stressrule that is observable only if the boundiries
of content words are available is presented by
Nyawaygi (Dixon 1983 Hayes 1999. In this
Australian language, stressis assgned at the left
edge of words, as follows. In words beginning with
a heavy syllable, stressfalls on the first syllable
(7). In words beginning with a light syllable,
stress falls on the second syllable if the word
contains threeor five syllables (7b) and onthe first
syllable if the word contains two o four syllables
(7c). Noticethat coda consonants are weightlessin
Nyawaygi; heavy syllables are syllables containing
along vowel.

(7)a. heavyinitial syllable:
gldu ‘fish’
di:bari ‘south’
b.light initial syllable, ureven nb. d syllables:

bulbiri ‘quail’

c. light initial syllable, even nb. d syllables:
dina ‘man’
biyagala  ‘water snake’

Stress clash does not occur, since d words are
minimally disyllabic and noword hes final stress
Furthermore, there ae no poclitics. Thus, all
utterances whaose first word begins with a heavy
syllable have initia stress whereas al other
utterances have stress on either the first or the
sewnd syllable, depending on the number of
syllables in the first word. In order to extrad this
generalization, infants not only need to be
sensitive to syllable weight, but they also need to
have acces to the number of syllables in the
utterance s first word; hence, they must be ale to
segment the first word ou of the utterances.
Therefore, as with speakers of Piro, retive
spedkers of Nyawaygi are predicted to exhibit
stress ‘dedness acording to Interadive

8 For the sake of simplicity, we deliberately chose a
language without enclitics. Of course, a language with
penultimate stressthat has enclitics would fall into the
same dass of our ‘dedneses typaogy, since lexicd
segmentation includes cliti ¢ stripping.
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Bootstrapping but not acording to Bottom-up
Bootstrapping.

45 A caveat

Before dosing our typology of stress ‘dedness,
we would like to raise the following cavea. Our
reasoning is based on the aamption that the
stress pattern at utterance elges alows infants to
make inferences abou the general stress rule of
their language. For instance we postulate that
from the observation that all utterances end with a
stresed syllable, infants will i nfer that all words
end with a stressed syllable. This, of course, may
be unwarranted. Phondogicd rules can inded
apply at some phrasal edge only. In that case, a
regularity appeas at some utterance alge which
does nat hold, however, for individual words. An
example is provided by the tonal system of Slave.
In this language, there ae two tones, high and low.
At the end d intonational phrases, the distinction
is neutralized; the final word necessarily surfaces
with a low tone (Rice 1987. If infants were to
examine the end d utterances only, they would
incorredly conclude that there is no tore in their
language.

Yet, stress gams to be spedal, in that —to
the best of our knowledge - this kind d situation
does not arise with stressrules. On the contrary, in
the caes in which stressis modified at a phrasal
edge, the modificaion seans to enhance the
regularity of the stresspattern instead of obscuring
it. For instance recdl from sedion 4.1 that in
French, phrase-fina enclitics are stressed. This
pattern reinforces the utterancefina regularity
caused by the word-final stress pattern of French.
By contrast, we have found nolanguage in which,
analogoudly to tone in Slave, contrastive stressis
neutralized at a phrasal edge. It shoud be noted
that if our model is corred, there cannat be such a
language. In fad, if it existed, infants would use
the alge regularity to infer that stress is
predictable, and hence they would become stress
‘ded’ ; this, then, would have the dfed that stress
contrasts would be lost within ore generation.

To conclude, the asence of languages
with contrastive stressthat is neutralized at some
phrasal edge is quite aiticad for our model. If such
languages exist, we have to revise our proposal, by
offering anather, more wmplex, learning principle
that alows infants to aquire the stress rule of
their language. Note that even in that case, ou
hierarchy of languages would still be pertinent to
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describe the relative observability of these stress
rules from the infant’s viewpoint. For instance
stressin French (Type |) would still be eaier to
aqquire than stressin Nyawaygi (Type V).

5. Summary and conclusion

We have shown that crosslinguistic reseach o
adult speed perception can be brought to bea on
issues of language agquisition. In particular, it
might alow to solve some of the most puzZing
isaes in ealy language development, namely, the
paradoxicd fad that the agquisition o ead
processng comporent seams to require the prior
aqquisition d the other comporents.

As a first step to solve the aquisition
paradox, we proposed to dstinguish two
hypotheses, i.e. Bottom-up Bodtstrapping and
Interadive Bootstrapping. The former states that
aqquisition procedals gep by step; spedficdly, the
aqquisition d ead level exclusively relies upon
information that is avail able in the shall ower levels
of representation. According to the latter
hypothesis, in contrast, al levels begin to be
aqquired independently and there is interadion
between levels urtil a stable stateis attained.

We set up ou methoddogy to explore the
aquisition o the prelexicd representation and
focused on the stress gstem, since it alows a
uniform way of distinguishing the various urces
of information that could in principle be taken into
acourt in the cmpilation o the prelexicd
representation. We thus proposed to test whether
stressis encoded in this representation by spedkers
of avariety of languages. In particular, we agued
that the presence of stress ‘dedness is an
indication d the absence of stressin the prelexicd
representation. The underlying assumption is that
stress $iodd only be excoded in the prelexicd
representation if it is useful to dstinguish lexica
items. The infant’s problem is to dedde, on the
basis of a limited amourt of information, whether
stress $ioud be encoded or nat.

We distinguished four clases of
languages, correspondng to four types of
information that infants could use in order to make
thisdedsion. That is, in thefirst classof languages
(Type I), the stress rule can be aquired on the
basis of a universal phoretic representation orly;
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in the second class (Type Il), it can be aguired
once cetain language-spedfic phondogicd
information hes been extraded; in the third and the
fourth class (Type Il and IV, respedively), it can
be aqguired oy after function words and content
words, respedively, can be segmented ou of the
speetr strean. We then made ntrasting
predictions regarding the presence of stress
‘dedness in adults of these four language das<es.
The reasoning is as follows. Whenever stress
‘dedness is exhibited by speders of a cetain
language, we take this as evidencethat stressis not
encoded prelexicdly, hence that the stress
regularity is not taken into acourt during the
compilation o the prelexicd representation.
According to the Bottom-Up Boadtstrapping
hypothesis, orly the universal phoretic and the
prelexicd representation itself can enter the scene
during the mpilation d the prelexicd
representation, hence only ‘dednesses’ of Types |
and Il are predicted. In contrast, the Interadive
Boatstrapping hypothesis gates that all processng
comporents are dlowed to interad till a stable
state is attained. Hence, ore would exped al four
types of ‘dednesses’ to be ohserved. A summary
of the languages with their charaderistics and the
various predictionsisgivenin Table 1.

The empiricd investigation that we
propcse thus alows to test models of ealy
language aquisition. Such empiricd investigation
isnow under way.

As afinal note, we would like to mention
that although we have focussed onthe aguisition
of the prelexicd representation, ou approach can
be transposed to ather processng comporents that
areinvolved in ealy language auisition, such as
word segmentation a lexicd access Provided that
these comporents dow clea language-spedfic
properties in adults, a aosslinguistic comparative
study can probe what types of information are used
by infants to compile such language-spedfic
routines. In oher words, the @mparative
psychali nguistics approach using only adult datais
a potentially useful tod that can be alded to the
panopy of techniques currently used to investigate
first language aquisition.
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Table 1: Summary of predictions for the four classs of stress ystems.

14

Regularity Language SressRule Interfering Clitics Sress' Deafness
Destressng
Typel French stressfinal syllable no stressed attested (Dupoux et
encliti cs al. 1997
Pitta-Pitta stressinitial syllable not no predicted by both
applicable procliti cs Bottom-up and
Interadive
Boatstrapping
Typell Fijian stressheavy penulti mate, ? no enclitics | predicted by both
otherwise antepenulti mate Bottom-up and
syllable Interadive
Boatstrapping
Typelll Hungarian stressfirst syllable no unstressed predicted only by
procliti cs Interadive
Boatstrapping
TypelV Piro stresspenulti mate syll able ? no enclitics | predicted only by
Interadive
Boatstrapping
Nyawaygi | stressinitial syllableif heary not no enclitics | predicted only by
or if word contains even applicable Interadive
number of syllables; Boatstrapping
otherwise, stress £mnd
syllable
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