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1. Introduction

Mapping word forms onto their correspondng meanings is one of the most complex tasks that
young infants aaquiring their native language have to perform. Thisis due to the fad that an
utterance ca refer to many different aspeds of a scene, a problem known as referential
ambiguity (Quine 1960). An even more basic problem, though, is that it is not easy to find
word forms to start with. In fad, the speech waveform is continuous, and word boundries are
not readily avail able. Moreover, words often surfacewith dfferent phoretic forms due to the
application d postlexicd phondogicd processes; that is, surfaceword forms exhibit what we
cdl phondogical variation.

Most models of lexicd aaqquisition assume that infants can somehow extrad unique
word forms out of the speech strean before they aaquire the meaning of words (e.g. Siskind
1996. Hence, they propose a solution to the problem of referential ambiguity, thereby
assuming that the problems of finding word boundries and undang phondogicd variation
have dready been solved. There is evidence that infants can indeed find word bourdaries
before they have alexicon (Jusczyk & Aslin 1995. By contrast, virtually nathing is known
concerning the question d how prelexicd infants ded with phondogicd variation. In this
paper, we will examine if and haw infants that do nd have alexicon might undo phontogicd
variation, i.e. deduce which phondogical processes apply and infer unique underlying word
formsthat will constitute lexicd entries.

The various intricacies of phondogicd variation for lexicd aauisition can be
illustrated within a single language, i.e. Korean. First, consider the dlophonc rule of
obstruent voicing. This rule voices plain obstruents that occur between two vaced segments,
asill ustrated in (1); voiced obstruents do nd otherwise occur in Korean.

() a [khunbag] ‘abig room’
b. [jappay] ‘asideroom’

Obstruent voicing appliesin (1a) but failsto apply in (1b), the phondogicd context not being
met in the latter case. The rule thus introduces variation d surfaceword forms. An infant that
segments [bag] out of [k™unbay] and [pay] out of [jappay] might incorrectly entertain the
hypothesis that [bay] and [pan)] are two dfferent lexicd items. Indeed, quite often, words that
ocaur in the same syntadic position dffer only minimally. For instance, Korean has a
phoremic aspiration contrast in stop consonants, as sown in (2).*
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2 a [pi] ‘rain’
b.  [ph] ‘blood

Thus, there is no a priori reason why (1) shoud be acase of alophonc variation and (2) a
case of phanemic contrast.

Sewond, Korean has a rule that assmilates gops to an immediately following nasal
consonant, as ill ustrated in (3); the rule gpliesin (3a) but not in (3b).

(3 a [pamnoanni] ‘did you pu therice?
b. [papheenni] ‘did you do(i.e. cook) the rice?

Thisrule similarly introduces surfacevariation o word forms. However, the situation is even
more complex than in (1), since the resulting assmil ated segments are themselves phoremic.
Again, an infant that segments [pam] out of [pamnoanni] and [pap] out of [papheenni] might
incorrectly entertain the hypothesis that [pam] and [pap] are two dfferent lexicd items.

The question we would like to address then, is how infants might find ou that (1) and
(3) present instances of surface variation die to the gplication d a phondogicd rule,
whereas (2) presents a genuine phoremic ocontrast. In the former cases, the infant shoud
construct asingle lexicd item, for /pay/ in (1) and for /pap/ in (3), while in the |atter case, the
infant shoud construct two separate lexicd items, for /pi/ and /phi/, respectively.

Not all postlexicd phondogy introduces variation d word forms. Consider, for
instance, Korean coda neutrali zation, ill ustrated in (4).

4 a [tfip¥ [tfip] ~ [tfipt] ‘straw - strawyou’
b. Itfip/ [tfip] ~ [tfibi] ‘house - houseyou’

The mntrast between aspirated and dain stopsis neutralized in coda position. It isonly in the
suffixed forms, in which the stop consonants are in orset position, that this underlying
contrast is manifest. In this case, thereis no surface variation d word forms; the non-suffixed
words aways surface & [tfip]. Rather, variation is present in the phondogicd redization o
roots. Under the sssumption that infants initially build lexicd entries for word forms only, this
type of rule does nat pose aproblem for early lexicd aaquisition.

In this paper, we will argue that before leaning the meaning of words, infants have
sufficient information to undo phonlmgicd variation d word forms as ill ustrated in (1) and
(3), that is, deduce the rules and find the underlying forms. By contrast, in the mgjority of
cases, they canna find the underlying forms of words that present phondogical variation at
the level of morphemes asiill ustrated in (4), althoughthey can deducewhich rule gplies.

As to phondogicd variation o word forms, we will propose alearning mechanism
that deduces which rule gplies and infers underlying phoremes and word forms. This
medanism is based on an examination d the distribution d ether surface segments or
surface word forms. The distribution d segments will be shown to provide sufficient
information in the cae of alophornc rules, i.e. rules that involves sgments that do nd
otherwise occur in the language; the distribution d segments that are introduced by this type
of rule is complementary to that of segments that are the direct phoretic redization o certain
phoremes. For instance in the example of Korean obstruent voicing in (1), voiced and
unvaced olstruents have complementary distributions. This all ows infants to deduce which
rule gplies and to infer the underlying phanemes. The distribution o word forms will be
shown to be necessary in cases in which all surface segments have aphoremic status in the
language. In particular, infants can make use of the fact that certain word forms - i.e. the ones

2 |n fad, the oppasite pattern is found in English; that is, English has a phonemic voicing contrast in stop
consonants, whereas aspiration is all ophonic.
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that have undergone the rule - fal to ocaur at the left or right edge of certain phrasa
constituents, where the mntext for applicaion d the rule is never met. For instance, the
Korean surface word form [pam], derived from /pap/ by nasal assmilation (see (3)), fails to
ocaur at the end d utterances. Infants can make use of this type of distributional facts to
deducewhich rule gplies andto infer the underlying word forms.

Asto phondogicd variation d morphemes, we will show that although the rules that
introduce this type of variation can be deduced in the &sence of semantic knowledge, no
underlying forms can be inferred. These forms, in fad, can be found oty if morphdogicd
adternations are taken into accourt. For instance, whether the Korean surface word form [tfip]
in (4) corresponds to uncerlying /tfip"/ or /tfip/ can be dedded orly if it can be mmpared to a
morphdogicdly related form. Presumably, infants that do nd know the meaning of words do
not have accessto such a strategy; consequently, they will initially build lexicd entries for
surface rather than underlying word forms.

The outline of this paper is as follows. In sedion 2, we give an owerview of
experimental data @ncerning the early stages of phondogicd and lexicd aouisition. We
delimit the scope of our proposal in section 3.We then turn to phondaogical variation d word
forms in sedion 4,and lay out our propasal concerning the way infants might undothis type
of variationin the asence of word meanings. In sedion 5,we onsider phondogical variation
of morphemes, and show that in the mgjority of cases, it canna be completely undane withou
semantic knowledge. Finally, we present our conclusions in sedion 6.

2. Early phondogicd andlexicd aayuisition

Much experimental evidence has been gathered concerning infants acquisition d
phondogicd properties of their native language during the first year of life. Likewise, the
onset of lexicd aquisition hes been the topic of experimental investigation. In this sction,
we mention some results that are of direct importance to the issues we aldressin this paper.
For an overview of experimental techniques used in infant speech perception research,
asessng infants' discrimination capadties as well as their listening preferences, we refer to
Polka, Jusczyk & Rvachew (1995.

First of al, infants are born with the caacity to dscriminate dl possble vowel and
consonant contrasts, regardless of whether they occur in their native language (for an
overview of research, see Werker 1991). It has been shown by Kuhl et al. (1992 that at 6
months of age, infants react specificdly to vowels that are prototypic in their maternal
language. Polka & Werker (1994 found that at the same age, infants lose the adility to
discriminate nonnative vowel contrasts. Together, these results ow that 6-month-old
infants already know the vowels that occur in their language. The @nsonanta inventory is
aqquired somewhat later. That is, it has been shown that between 10and 12months, infants
lose the aility to dscriminate nonnative consonantal contrasts, suggesting that they know
the cnsonants that occur in their language (Werker & Tees 19844).

As to infants' sensitivity to phondadic properties, there is evidence that it equally
arises during the first year of life. Several studies report oninfants' listening preferences a 9
months. First of al, at this age, infants prefer to listen to phondadicdly legal words rather
than to ill egal ones (Friederici & Wessls 1993; second, they prefer to listen to nonwords
with a high-probability phondactic pattern rather than those with a low-probability
phondadic pattern (Jusczyk, Luce & Charles-Luce 199); finally, they prefer to listen to
unfamiliar words of their native language than to words of a foreign language if the latter
violate the phondadics of their native language (Jusczyk et al. 1993.

During the first year of life, infants develop a sensitivity to increasingly smaller
phrasal units. First, Hirsh-Pasek et al. (1987 showed that at 4%2 months, infants listen longer
to passages in which pauses were inserted at clause bourdaries than at passages in which
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pauses were inserted within clauses. Seoond, wsing the same pause insertion technique,
Jusczyk et al. (1992 showed that at 9 months, infants are sensitive to plhrase bourdaries.
Finally, Myers et al. (199%) foundthat 11-month-old infants are sensitive to word bourdaries.
They showed that infants li sten longer to passages containing pauses at word boundries than
to passages containing pauses within words. These results hold when the aucia words are
unfamiliar, infrequent and nd repeaed within the passage.

The onset of word segmentation hes been reported to lie & 7% months. Jusczyk &
Adlin (1995 foundthat at this age, infants 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 severa instances of certain words
and tested onthese words in isolation. Thus, infants listen longer to words that are contained
in the passages they heard previously than to words that are nat contained in the passages.
Moreover, words appea to be stored in a detail ed phoretic representation. For instance, when
trained on cup, infants show no recognition o tup, which dffers only as far as the place of
articulation o the first segment is concerned.

Thereisrecent experimental evidence that at 10%2months of age, infants recognize the
function words of their language. In particular, Shady, Jusczyk & Gerken (1988) reported that
a this age, infants listen shorter to passages in which function words are replaced by non-
words having the same phondogical properties. By contrast, they do nd listen shorter if
content words are replaced by nonwords having the same phondogica properties. This
suggests that infants not only make adistinction ketween function words and content words,
but also reaognize the actual function words of their language.

Various gudies have aldressed the question as to when the mmpilation d alexicon o
content words begins. On the basis of comprehension tests as well as observational data in
mothers diary notes, Benedict (1979 reported that 10-month-olds comprehend around 10
words; this figure grows to around 40at 12 month, and to 100 @ more & 16 months. Of
course, mothers' diaries may nat reflect very accurately the infant's comprehension lexicon.
Recent experimental work, however, is consistent with this report. For instance Hallé &
Boysson-Bardies (1994 foundthat at 10 months of age, infants prefer to listen to alist of 12
familiar rather than to alist of 12 urfamiliar words.

To sum up, much experimental evidence has been gathered regarding early
phondogicd and lexicd aquisition. What is adually ladking, though, is an investigation d
the aguisition d phondogical aternations. In the remaining part of this paper, we will be
concerned with the question as to which alternations might be leaned withou any semantic
knowledge. Experimental studieswill, of course, be necessary to pu our propaosals to test.

3. Scope of the proposal

Phondogicd systems are notoriously complex, in that they combine various rules that interact
with ore ancother. We do nd propose to solve the entire problem of undang phondogical
variation in ealy language acquisition. Rather, we make several simplifying assumptions in
order to evauate the learnability of fragments of the system of phondogical variation and
make predictions that can utimately be tested in infants. Spedficdly, we nsider an
idedization d human language that has the foll owing properties.
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(5) Asamptionsonlingustic input:
a. Thereisnoruleinteradion; in particular, each segment can beinvolved in at most
one phondogical aternation.
b. There aenorulesthat delete or insert segments.
c. Assgmilation rules greal orto an immediately adjacent segment; in ather words,
there are nolong-distance asmil ations.

We will implement these asumptions by considering isolated rules taken from red
languages.
Concerning infants' innate linguistic knowledge, we make the foll owing assumptions.

(6) Asaumptionsontheinitial state:

a  Infants have innate knowledge of two levels of representation in phondogy, i.e.
an abstract phondogica representation and a @ncrete phanetic representation,
with the latter being derived from the former by the smallest possble system of
maximally simplerules.

b. Infants have innate knowledge of distinctive features as the primitives of
phondogica representations, as well as of the feaure structure of segments® and
the types of rules (i.e. delinking and spreading) that may act uponthem.

c. Infants have innate knowledge of the hierarchicd organization d phondogical
constituents above the segmental level.*

Furthermore, we will exploit the foll owing linguistic abiliti es that infants aaquire during
thefirst year of life, as evidenced by the experimental data discussed in sedion 2.

(7) Ciritical lingustic ahili ties of infants:
a. Infants are sendtive to the boundries of phondogicd phrases, intonationa
phrases, and uterances.
b. Infants have asegmental inventory.
c. Infantsare sensitive to phondadics.”
d. Infants ssgment speed into separate surfaceword forms.

We asaume the segmental inventory in (7b) to be phoretic; that is, infants initially make no
distinction between segments that occur as allophores only and those that are phoremic.

4. Surfacevariation d word forms

In this sction, we will consider rules that introduce surface variation o word forms, i.e. rules
whose structural description makes reference to properties of an adjacent word o to a
prosodic boundry. Examples of the former case ae asmilation rules that apply aaoss
words; the context for assmilation nd being always met, words that contain a target for
assmilation surfacein bah an assmilated and an uressmilated form. In the latter case, the
rule gplies at an edge of a phrasal phondogicd domain, a, conversely, is blocked at the
edge of such a domain; again, the wntext for the rule will not aways be met, hence words
containing atarget can surface in bah an atered and an unaltered form.

We restrict our examination d rules that introduce surface variation d word forms to
thase that apply at word edges.® Our aim is to show that phondogicd variation at word edges

3 For the purpases of this paper, we do not need to assume aparticular version of feaure geometry.

4 We aaume the version of the prosodic hierarchy propased by Nespor & Vogel (1986). The phrasal constituents
that are relevant to our reseach are the phonologicd phrase, the intonational phrase, and the utterance

® SeeHayes (to appea) for an optimality-theoretic gpproach to infants' acquisition of phonotadics.
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can aways be undore withou any semantic knowledge. Crucialy, in al cases, one of the
surface word forms corresponds to the underlying form. The infants task is thus, firstly, to
find ou which rule gplies, and, secondy, to determine which o the surface forms
corresponds to the underlying form. It shoud be noted that the underlying form of aword is
not necessarily identical to its citation form. For instance, Turkish liquid devoicing, to be
discussed in sedion 4.1.2,applies word-finally at the end of intonational phrases; words
pronourced in isolation form an intonational phrase and thus undergo the rule. Therefore, a
strategy by which infants attend to ore-word uterances, taking these & underlying forms,
would be @roneous.’

We divide the rules that introduce surface variation d word forms into two classs, i.e.
allophonc and nonalophonc ones, and dea with these types in sedion 4.1.and 4.2,
respedively. We will show that undang allophonc variation is relatively straightforward
compared to undong non-alophonc variation.

4.1  Allophonc variation

Allophonc variation results from rules that introduce segments that do nd otherwise occur in
the language. The distribution d these segments is thus complementary to that of segments
that are phoremic. We will show that the presence of complementary distributions suffices to
undoalophornc variation withou semantic knowledge. We will examine three caes, Greek
/s/-voicing (4.1.7), Turkish liquid devoicing (4.1.2), and Sanskrit visarga (4.1.3).

4.1.1 Greek /9-voicing
Consider the following Greek data. In Greek, [z] is not phoremic, bu rather occurs as an

allophore of /9 before voiced consonants. The domain o this rule of /g/-voicing is the
intonational phrase (Nespor & Vogel 1989. Theruleisill ustrated in (8).

(8 a  opaterds ‘the father’
b. o paterg[z] mas ‘our father’
C. o paterds], mufenete, ine eksipncs ‘the father, it seemsto me, is
bright’

Hence /g/-voicing applies between words if and ony if they are in the same intonational
phrase (8b vs. 8c). Within intonational phrases, then, the following complementary
distributions can be observed:

(99 Complementary distributions within intonaiona phrases:
[z] occurs before voiced consonants only.
[s] occurs everywhere except before voiced consonants (i.e. before vowels and unvaced
consonants, and at the end).

Given these mmplementary distributions, ore of the segments must be present underlyingly
and the other one must be an al ophore derived by a phondogical rule. Under the assumption

® Surfacevariation of word forms can indeed also be found word-internally. For instance, Kimatuumbi has a rule
that shortens long vowels in certain words that are nonfinal within the phonologicd phrase; this rule gplies
regardlessof the paosition of the long vowel in the word (Odden 1987). Similarly, tone sandhi rules operate on a
vocdic tier, and may thus affed word-internal vowels. We ae hence not concerned with this type of rules.

" This grategy has sveral other flaws. For instance, infant directed speed does not necessarily contain many
one-word utterances (Adin et al. 1996 Van de Weijer 1999), and it is unclear how infants could distinguish
between one-word and multi-word utterances (Christophe et al. 1994).
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that phondogicd systems are maximally simple, [z] must be the derived segment, since arule
changing /9/ to [z] is more straightforward than ore changing /z/ to [g]. Thisis due to the fad
that the environment in which [z] occurs is more homogeneous than the one in which [g]
ocaurs. Hence, it can be concluded that there is arule that changes /9 into [z] before avoiced
consonant that isin the same intonational phrase.

The @nclusion concerning the dlophonc variation can be drawn withou word
segmentation keing available; all that is neaded are segmental prototypes and sensitivity to
intonational phrases. We therefore predict that once infants begin to segment words and buld
areagnition lexicon, they will store pateras only once That is, the surface variation between
paterals] and patera[z that results from the word-fina application d /s/-voicing in, for
instance, (8b) does nat lead infants to buld two separate entries. By the time they begin
semantic aguisition, i.e. map word forms onto their correspondng meaning, the phondogical
variation hes alrealy been undore.

4.1.2 Turkishliguid devoicing

A seoond example comes from Turkish. This language has a rule of liquid devoicing that
applies at the end d intonational phrases (Kaisse 1986. Turkish has two liquid consonants,
[r] and[l]; an example with the former is shown in (10).

(10) a  [ahir aldi] “he bought a stable
b. [acilinja &, iceri girebiliriz] ‘when the stable opens, we can go in’

Within intonational phrases, voiced and unvaced liquids have cmplementary distributions:

(1) Complementary distributions within intonaiona phrases:
[r] and[]] occur only at the end.
[r] and[I] occur everywhere except at the end.

These mmplementary distributions are in some sense the oppasite of what is found with
Greek /s/-voicing, since the rule gplies at the eldge of adomain rather than in the midde. The
logic from the aquisitional point of view, however, is the same. That is, given these
complementary distributions, it can be inferred that devoiced liquids are dlophores of
underlying voiced liquids, and that there is a rule that devoices /I/ and /r/ at the end of
intonational phrases. Asto the mapping of the dlophores onto their correspondng phoremes,
liquid devoicing consists of delinking of the feaure voice given auniversal feaure geometry,
[r] and []] must therefore be dlophores of /r/ and/Il/, respedively, rather than vice vesa.

To conclude, we predict that infants deduce the rule of liquid devoicing and infer the
phoremes correspondng to the two derived alophores withou any semantic knowledge.
Oncethey start to segment speech and buld a lexicon, they will only construct lexicd items
for word forms ending in avoiced liquid.

4.1.3 Sanskrit visarga

The final example of an alophonc rule we would like to dscussis Sanskrit visarga, which
turns utterance-final /r/ and /s/ into a voicdess breahing, called visarga (Selkirk 1978§.
Examples are given in (12).

(12 utterance-medial utterance-final
a  devald devd s devalh] ‘god’
b. puralr/ purg[r] pure[h] ‘again’
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Thisrule differs from the Greek and the Turkish ores discussed above in that the dlophay is
many-to-one rather than one-to-one; hence, it neutralizes the @ntrast between [s] and [r] at
utterance endings. The complementary distributions that can be observed at the surface ae
stated in (13).2

(13) Complementary distributions within utterances:
[h] occurs only at the end.
[r] and[s] occur everywhere except at the end.

On the basis of these distributions it can be concluded that [h] is an alophore of both /r/ and
/sl and that thereis arule that changes /r/ and /< into [h] at the end O utterances. By contrast,
it canna be dedded for a given occurrence of [h] whether it derives from an urderlying /r/ or
/. Thisis not a problem for lexicd aayuisition, though. In fact, ornce speed is segmented
into separate word forms, words ending in [h] can simply be deleted from the list of words
that need to be mapped orto a meaning, since the arrespondng underlying word forms will
necessrily be segmented as well. The latter forms, then, will be the ones that shoud be
mapped orto a meaning.

We onclude that infants coping with this type of allophonc variation can deduce the
rule withou any semantic knowledge. As to the replacament of a given instance of an
allophore by its correspondng phoreme, word segmentation is required. Given that word
segmentation recessarily precedes lexicd acquisition, infants can from the start corredly
build lexicd entries for underlying word forms only.

4.2  Nondlophonc variation

We now turn to variation d surfaceword forms introduced by rules that yield segments with
a phoremic status in the language. These rule ae not invalved in a pattern of complementary
distributions. We will propcse aleaning mechanism based onthe mmparison d complete
word forms that enables to deduce the rule and infer the underlying word forms withou
semantic knowledge. In addition to thase mentioned in (5) in sedion 3, we will make use of
the foll owing assumption onthe linguistic inpu.

(14) Addtiond assumption onthe linguistic inpu:
Lexicd words have a non-zero probability of occurrence in bah medial and final
pasition within phondogicd phrases, intonational phrases, and ttterances.’

We dso introduce an additional linguistic ability of infants, acquired during the first year of
life.

(15 Additiond critical linguistic ability of infants:
Infants make adistinction between function words and lexicad words.

We will examine two cases, Dutch nasal assmilation (4.2.1) and French vaice assmilation

4.2.2.

8 The situation we depict is oversimplified, in that we abstrad away from at least two additional fads concerning
/9. Firgt, word-final /9/ asdmilates in placeof articulation to a following coronal stop; second, word-final /¢/
optionally assimil ates to any other following segment, and if assmilation does not apply, /5/ turnsinto [h] (cf.
Kiparsky 1973.

® For the languages considered in this ®dion, i.e. Dutch and French, thisis likely to be true.
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4.2.1 Dutch nasal asgmilation
Dutch hes three nasal consonants, /n/, /m/ and /y/. Word-finally, the wrona nasa /n/

asgmilates in placeof articulation to a following non-coronal consonant (16a); by contrast,
/m/ and /»y/ never assmil ate to afoll owing consonant (16bc).°

(16) a  tien [tin] ‘ten’

tien bomen [timbomo] ‘ten trees’
tien kamers [tinkamars] ‘ten rooms

b. stom [stom] ‘stupid’
stom dier [stomdir] / *[stondir] ‘stupid animal’
stom kind [stomkint] / *[stogkint] ‘stupid child’

c. jong [jon] ‘young'
jong dier [jondir] / *[jondir] ‘young anima’
jong paard [jogpart] / *[jompart] ‘young horse’

Crucially, [n] onthe one hand and [m] and [g] on the other hand do nd have complementary
distributions, since dl three nasal consonants are phanemic. Therefore, the inference that in
(16), [m] and [p] are surfacemanifestations of /n/ canna be made.

Acocording to Booj (19995, nasal asdmilation applies within the domain o the
intonational phrase. The foll owing surface regularity, then, appeasto hdd:

(17) Sufaceregularity within intonaiond phrases:
There ae no clusters consisting of [n] foll owed by a noncoronal consonant.

This regularity is compatible with two hypotheses. The first one states that certain
ocaurrences of [m] and [y] before labial and velar consonants, respedively, are surface
manifestations of /n/, due to regressve nasa asdmilation. According to the second
hypathesis, certain nonnasa coronal consonants following [n] are surface manifestations of
norncoronal consonants, due to progressve assmilation.

We propcse that the rred, regressve, assmilation rule can be found withou
semantic knowledge on the basis of a mmparison d complete word forms that occur in
media and final pasition, respedively, within the intonational phrase. For the sample datain
(16a), two lists including the surface word forms given in (18) shoud be compiled.**

(18) Didtribution d surfaceword forms:
segmented intonational phrase medially: [tin] - [tim] - [tig] - [stom] - [jop]
segmented intonational phrase finally: [tin] - - [stom] - [joy]

Note that cetain forms, i.e. [tim] and [tig], occur only in media position. Given the
asumption that al lexicd items have a nonzero probability to occur at the end o
intonational phrases, these forms must be phondogical variants of some forms that occur in
final position. Moreover, it can be observed that these variants have something in common,
i.e. they endin anoncoronal nasal consonant. Couded with the observationin (17) that there
are no clusters of corona [n] plus a noncorona consonant, this licenses the hypothesis that
[tim] and [tiy] are both assmilated forms of underlying /tin/. For [stom] and [joy], such an
inference is nat drawn, since they occur in bah medial and fina position. Finaly, it can be

19 \We @straa away from two additional fads. First, /n/ equally assimil ates to a foll owing labiodental or palatal
consonant, yielding the dlophones [rg] and [n], respedively, that do not occur as phonemes in Dutch; second,
within words, all nasal consonants assimil ate in placeof articulation to a foll owing obstruent (cf. Booij 1995).

Y That infants can perform this task foll ows from the joint presence of the linguistic abiliti es mentioned in (7a)
and (7d) in sedion 3..
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chedked that, in acwrdance with this hypathesis, [tim] and [tip] only occur before words
beginning with a labial or a velar consonant, respectively, whereas [stom] and [jon] occur
everywhere.

Hence, the rule of nasal assmilation can be deduced and the underlying word forms
can be inferred withou semantic knowledge on the basis of a comparison d surface word
forms that occur in medial and final paosition, respedively, within the intonational phrase.
Three caesats, however, are still i n order.

First, the data set with which weill ustrated the mechanism is extremely limited; areal-
life sample would of course be much higger. Spedficdly, it would include function words,
some of which - e.g. articles - never occur at the end of intonational phrases. One might thus
raise the question hav to prevent the incorrect inference that function words that occur in
media position oy are phondogical variants of some word forms that occur in final
position. We suggest that function words are procesed as a separate dass which is
compatible with the fad that infants dhow an early ability to dstinguish between function
words and content words.

Sewond, a few words houd be said abou homophmy. Given that Dutch nasal
assmilation is non-alophoric, an assmilated form can be homophonos to anather word in
the language. An exampleisgivenin (19).

(199 a Han [han] ‘id. (proper name)’
ham [ham] ‘id”
hang [hap] ‘bent’
b. Hanhbidt [hambit] ‘Han prays
Han koopt [haygkopt] ‘Han buys

The three lexicd items in (19a) differ only as far as the place feaure of their fina nasa
consonant is concerned. In (19b), it is own that due to assmilation, the first lexicd item can
have the same surface form as the two ather ones. Given that the latter two can occur in final
pasition within the intonational phrase, the distributions of word forms in media and final
pasition within the intonational phrase ae wmpletely identical. Therefore, the inference that
[ham] and [hay] might be essmil ated forms of underlying /han/ canna be made. For the case
at hand, thisis not a problem, since separate lexica entries shoud indeed be built not only for
[han] but also for [ham] and [hax]. However, if there is much surface homophay, there will
be few word forms ending in [m] or [y] that are foundin medial position orly. Their absence
in final paosition, then, might be interpreted as an acddental gap rather than as a systematic
fad. Consequently, the general hypothesis acwrding to which such forms have undergone
nasal assmilation might not be made. At present, we do nd know the percentage of
homophay of surface word forms in Dutch. An adual learning algorithm, howvever, shoud
be capable of dealing with thistype of noisein the signal.

The third caved concerns the fad that we have taatly assumed that nasal asgmilation
is obligatory. Boaoij (199%), however, describes this rule a being optional. More redi stic data,
then, would look like the ones in (20).

(20) Optiond asgmilation

a tien [tin] ‘ten’

b. tiendieren [tindirg] ‘ten animals
c. tienbomen [timboma] - [tinboms] ‘ten trees’

d. tienkamers [tipkamars] - [tinkamars] ‘ten rooms

Two olservations regarding these data shoud be made. On the one hand, contrary to what is
found with oHigatory assmilation, the coronal nasal [n] is not banned before non-coronal
consonants (20cd). On the other hand, ona par with oligatory assmil ation, the surface forms
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[tim] and [tiy] fail to occur in final position within the intonational phrase. In ather words, the
surface regularity stated in (17) does nat hald, bu the distributions of word forms in medial
and final position in the intonational phrase ae identicd to those in (18). Since our propaosal
for alearning medhanism relies on bah a surface regularity and a differential distribution, the
case of optional rules s2ems problematic. We propacse two passhiliti es to solve the problem.

The first solution is that it might be possble to devise an dternative leaning
mecdhanism that does not rely on the presence of a surfaceregularity. In fact, in ou proposal
this regularity is mainly used to restrict the set of rules that may be invalved and, hence, to
axcelerate the acquisition process Given that the number of posgble rules is finite, this
restriction might not be essential. The second solution is that a surface regularity might be
foundif one or several of the following factors are taken into accourt. First, assmilation is
more likely to apply in casua speed than in careful speech. Second, assmilation is more
likely to apply in fast speech than in speech a a norma or a slow rate. Third, assmilation
might be optional in the intonational phrase but obligatory within the phondogicd phrase.
Hence if speech style and rate & well as the size of the prosodic domain are taken into
acour, restrictions on the occurrence of [n] might be noted, and the hypathesis that thereis a
nasal asgmilation rule might be raised.

To sum up, variation d surfaceword forms due to the rule of nasal assmilation can be
undore withou semantic knowledge. We predict that infants can deduce this rule and infer
the underlying word forms once they can segment continuows Peed into separate word
forms and store these forms into a recognition lexicon. As to the optionality of the rule, it
would be interesting to see whether in child-direded speed, assmilation is more frequent
than in adult-direded speed.

The cae of Dutch nasal assmilation is relatively straightforward for two reasons.
First, the triggers (i.e. noncoronal consonants) and the target (i.e. the coronal nasal /n/) form
completely distinct sets. Second, the resulting segments (i.e. [m] and [y]) are nat targets for
asgmilation themselves. In the next sedion, we will examine an asgmilation rule in which
these condtionsdo nd hold.

4.2.2 French vace asmilation

Consider the datain (21), ill ustrating the rule of French vaice asgmilation.

(21) a  robe [RoDb] ‘dress
robe jaune [Robz0:N] ‘yellow dress
robe sale [Ropsal] ‘dirty dress
b. patte [pat] ‘paw’
patte sale [patsal] “dirty paw’
patte jaune [padz0:n] ‘yellow paw’

Both triggers and targets are obstruents. As can be seen from these data, voice admilationis
regressve and spreads both [+voicg and [-voicg. In the asence of the word meanings,
however, only the foll owing surfaceregularity will be observable:*?

(22) Sufaceregularity within uterances:
Obstruent clusters agreein vaicing.

12 \We do rot know what the domain of assmilation is. For the sake of simplicity, we asume that assmilation
applies throughout the utterance Given that infants are sensitive to utterances, intonational phrases and
phonologicd phrases alike (see sedion 2), the domain of the rule is irrelevant to our argument. That is, if the
domain turns out to be, for instance, the intonational phrase, one should real ‘intonational phrase’ instead of
‘utterance’ in what foll ows.
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This observation leads to the hypothesis that there is a voice asmilation rule. Assmilation,
though, can be of different types. In fad, asdgmilation rules universally invove two
parameters, stated in (23).

(23) Universal parameters in assmilation
a.  diredion d assmilation: regressve, progressve, or bi-directiona
b.  spreaing value: either marked or both marked and urmarked

We ague that the values of these parameters can be set in the asence of semantics, as
foll ows.

First of al, by crossng the two parametersin (23), we obtain six types of assmilation,
one of which, havever, islogicdly impossble. That is, bi-diredional assmilation d both the
marked and the unmarked value is ruled ou, since spreading could be ather to the left or to
the right, yielding different results.'® As a first step towards stting the values of the two
assmilation parameters, it can be deduced which types of assmilation are in accordance with
the surface regularity that obstruent clusters agree in vacing. That is, assmilation types that
yield dsagreang clusters on the surface ae immediately ruled ou. Table 1 shows for each
assmilation type whether the two dsagreang clusters, abbreviated as [+ -] and [- 4], can
surface or nat. In the latter case, they are preceded by “*".

spreading value(s) diredion d assmilation

regressve progressve bi-diredional
[+voice] [+-] *[-+] “[+-] [ +] “[+-] *[-+]
[+voice] [-voice] ] 4] L] 4]

Table 1: Disagreeing clustersin vaice asmil ation typology

Thus, the following three types of asgmilation yield surface patterns in which bah
disagredang clusters areruled ou:

(24 a  regressve asmilation; spreading of both [+voicel and [-voice
b. progressve asimilation; spreading of bath [+voicg and [-voice
C.  bi-diredional assmilation; spreading of [+voiceg only

Next, separate lists can be compiled of surfaceword forms that occur utterance-medialy and
thase that ocaur utterance-finally. For the sample datain (21), theselists looklike & iownin

(29).

(25 Distribution d surfaceword forms within utterances:
occurrence in media position: [Rob] - [Rop] - [pat] - [pad] - [z0:Nn] - [sal]
occurrencein final paosition: [ROD] - - [pat] - - [z0:n] - [sal]

Certain forms, i.e. [Rop] and [pad], occur in utterance-medial position orly. Under the
asumption that all lexicd items have anonzero probabili ty to occur utterance-finaly, these
forms must be phondogical variants of some forms that occur in fina paosition. Moreover, it
can be observed that these variants have something in common, i.e. they end in an obstruent.
This li censes the hypathesis that they are the result of the goplicaion o voice assmilation

13 For instance, in a duster consisting of a voiced consonant followed by an unvoiced consonant, leftwards
spreading would result in a uniformly unvoiced cluster while rightwards gpreading would result in a uniformly
voiced cluster.

14 Of course, in this extremely small data set, the fact that the phonologicad variants end in an obstruent while no
such regularity holds for, say, their initial segments might as well be interpreted as being acddental. A red-life
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It is now easy to seethat asgmilation is regressve. First, given that the phondogical
variation concerns the final consonant in the word, spreading must be onto this consonant, i.e.
from right to left. Hence, progressve assmilation is ruled ou. Second, given that the fina
consonant of the phondogicd variants can surface & either voiced (asin [pad]) or unvaced
(as in [rop]), bah vaues of the fedure voice must spread. Therefore, bi-diredional
assmilation, invalving spreading of [+voicg only, is ruled ou as well. Regressve
asgmilation, then, with spreading of bath fedure values, is the only remaining passhility. In
other words, [rRop] and [pad] are reaognized as phondogicd variants of /rob/ and /pat/,
respedively.™

To sum up, we have shown that phondogica variation dwe to regressve voice
assmil ation with spreading of both feaure values can be undae in the ésence of semantics.
It appears that variation die to the two ather assmilation rules that yield the surfaceregularity
in (22) is harder to undo.Recdl that these rules invalve progressve spreading of both feature
values and hi-directional spreading of [+voicd, respectively (see (24)). In order to ill ustrate
how surface variation introduced by these types of asgmilation can be undae, we consider
two pseuddrench languages that are identicd to French except that their voice admilation
rules are progressve with spreading of both values and k-diredional with spreading of
[+voice, respedively. With progressve admilation, spreading is onto word-initial
consonants only (26), while with hi-directional assmilation, spreading is onto bah word-
initial and word-fina consonants (27); in the examples, assmilated consonants are in
bodface

(26) Pseuddrench |: progressveassmilation

a  robesde [Robzal] ‘dirty dress
robe jaune [Robz0:Nn] ‘yellow dress

b. pattesde [patsal] “dirty paw’
patte jaune [patfo:n] ‘yellow paw’

(27) Pseuddrench I1: bi-dirediond assmilation

a  robesde [Robz]ale ‘dirty dress
robe jaune [Robzo:N] ‘yellow dress

b. pattesde [patsal] “dirty paw’
patte jaune [padz0:n] ‘yellow paw’

Crucidly, if spreading is onto a word-initial consonant, the @ntext for assmilation is never
met in uterance-initial position. In ather words, the underlying forms surface utterance-
initially rather than utterance-finally. Hence, in arder to find the differences in the distribution
of surface word forms in various positions in the utterance, the focus of attention shoud be
onto uterance beginnings in the case of progressve admilation and orto bah uterance
beginnings and uterance endings in the case of bi-diredional assmilation. The distributions
of surface word forms in initial, medial, and final pasition in the two pseudo-languages are
shown in (28) and (29).

(28) Pseuddrench I, distribution d surfaceword formswithin uterances:

occurrencein initial position: [RoDb] - [pat] - [30:n] - [sd]
occurrence in medial position: [Rob] - [pat] - [30:Nn] - [forn] - [sal] - [zal]
occurrencein final paosition: [Rob] - [pat] - [30:N] - [forn] - [sal] - [zal]

sample, however, would be much bigger; hence the hypothesis that the variation is due to voice asgmilation
would be raised on amore solid basis.

!> On a par with the @se of Dutch nesal assmilation, three caeas regarding function words, homophony, and
optionality, respedively, arein order. Seesedion 4.2.1 for discusson.
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(29) Pseuddrench 1, distribution d surfaceword formswithin uterances:

occurrencein initial position: [RoDb] - [pat] - [pad] - [30:n] - [sal]
occurrence in medial position: [RoDb] - [pat] - [pad] - [z0:n] - [sal] - [zal]
ocaurrencein final position: [RoD] - [peat] - - [30:n] - [sal] - [zal]

These distributions are misleading, though, in that the great majority of utterances begin with
a function word, at least in right-recursive languages sich as French. Consequently, a great
many lexicd words never surface utterance-initially, and the rule canna be deduced.'® As a
solution to this problem, it might be agued that function words can be stripped off from the
beginnings of utterances; the focus of attention, then, is on the first lexicd word. However,
given that assmil ation can apply between a function word and a foll owing lexicd word, there
would also be assdmilated forms in the first lexicd position; therefore, there would be no
differentiated dstributions of word forms foundin medial position and those foundin the first
lexicd position.

Alternatively, we propocse a way of deducing progressve and h-diredional
assmilation that focuses on uterance endings only. It departs from the observation that there
are threetypes of asdmilation that are in accordance with the surface regularity, and aims at
eliminating two of these. Consider first the distribution o word forms in media and final
pasition in Pseuddrench I, thusignoring the initial position altogether. These distributions are
completely identicd, hence no form can be identified as a phondogical variant. Therefore,
there is no leftwards reading, and assmilation can thus be neither regressve nor bi-
diredional. Assmilation, then, is progressve, and - given the surfaceregularity - bath values
spread.

The cae of Pseuddrench Il is dightly more complicated. If a comparison is made
between forms in media and final position, ore form, i.e. [pad], is identified as a
phondogicd variant. In fact, [pad] occursin medial but nat in final paosition. Concerning this
form, it can be observed - given the complementary presence of [pat] - that the phondogical
variation concerns the final consonant of the word. Hence, the assmilation rule must include
leftwards goreading. Moreover, this greading invalves the feature [+voicg only, since there
is no phondogicd variant ending in an unvaced consonant. Given these two olservations,
progressve and regressve asmilation with spreading of both fegure values are bath ruled
out. This allows to draw the @nclusion that assmilation is bi-diredional, with spreading of
[+voicg only.

We have shown, then, that the presence of progressve or bi-dirediona asgmilation
can be deduced withou taking utterance beginnings into account. However, in order to
completely undothe phondogicd variation, unarlying word forms shoud aso be inferred.
This gep appeas to be problematic in Pseuddrench | and Il. In fad, in Pseuddrench I, all
underlying forms surface & utterance beginnings, moduo the occurrence of initial function
words, while in Pseuddrench 1, half of the underlying forms surfaces in this position. Hence,
we ae bad at the problem that the learning medanism neeals information that is obscured by
the presence of function words. We would like to suggest a solution that - for reasons of space
- we can ony sketch here. Esentially, we propose to use amore refined analysis of the
contexts in which word forms occur. Indeed, the surfaceregularity alows to determine the
contexts in which assmil ation might apply, i.e. preceding or following a word that begins or
ends with an obstruent, respedively. Thus, instead o classfying words as occurring in medial
or fina position within an uterance one wuld store whether they are in the ntext of

16 One might hope to find a rrelation between the diredion of syntactic reaursion and that of acoss-word
asdmilation rules. In particular, if right-recursive languages had only regressive asimilation rules and left-
reaursive languages had only progressive asimilation rules, the problem of function words obscuring the
differential distributions would be reduced to cases of bi-diredional assmilation. The @rrelation, however, does
not exist; a cunterexample is Dutch, which is syntadically right-recursive but has a progressve voice
asdmilation rule (Boaij 1995).
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asgmilation a nat. That is, two lists of word forms beginning or ending in an obstruent would
be compiled; one list would contain all word forms whase obstruent forms a duster with an
initial or final obstruent in an adjacent word form, the other list would contain al remaining
word forms. Crucially, the latter list would be the more restricted ore, exclusively containing
surface word forms that are identicd to underlying forms.

To sum up this sdion, we have shown that surface variation o word forms
introduced by three voice a&smilation rules that yield a single surface regularity can be
undore without semantic knowledge.?” Analogously to the cae of Dutch nasal assmilationin
sedion 4.1,we predict that infants can deduce this type of rules and infer the underlying word
forms once they segment the speech stream into separate words and buld a recognition
lexicon (i.e. store surfaceword forms).

4.3  Summary

We have agued that surface variation d word forms can be undme withou semantic
knowledge, regardlessof whether the variation is al ophonc or nonallophoric. The caes we
examined can also be dassfied according to whether the rules that introduce the variation are
neutralizing or non-neutrali zing. Noticethat non-allophonc rules - i.e. rules are of the type “a
bewmmes " where 3 is a phoreme in the language - are necessarily neutralizing; they
neutrali ze the distinction ketween the phoremes a and . Allophanic rules, by contrast, can
be ether neutralizing or nontneutraizing. By crossng the dimensions of alophay and
neutrali zation we thus obtain a three-way classficaion, shown in Table 2. In this table, we
note whether word segmentation is a prerequisite for the deduction d the rule and the
inference of underlying forms, respedively. If word segmentation is required, the processis
said to be‘difficult’; otherwise, it is sid to be ‘easy’.

deduction d therule inference of underlying
forms

allophonc non-neutrali zing

Greek/s/-voicing; easy easy

Turkish liquid dewicing ey ey
alophonc neutralizing

Sarskrit visarga easy difficult
nonalophonc neutrali zing

Dutch nasal asgmilation; difficult difficult

French voice assmilation difficult difficult

Table 2: Undang surfacevariation d word forms withou semantics

Variation die to rules that are dlophonc and nonrneutrali zing, such as Greek /s/-voicing and
Turkish liquid devoicing, arethe eaiest to undoin the ésence of semantics; the first property
corresponds to exhibiting a pattern of complementary distributions, while the second e
asares a one-to-one arrespondence between surface forms and undrlying forms. Word
segmentation, then, dees not come into play at all. Variation dwe to alophonc neutralizing
rules, such as Sanskrit visarga, is dightly more mmplex, sincethe one-to-one rrespondnce
is lacking; word segmentation is therefore required in arder to infer the underlying forms.
Variation dwe to nonalophornc (hence, neutralizing) rules, such as Dutch nasal assmilation
and French voce admilation, is the hardest to undo, since there is no pettern of

"' We do rot ded with the two remaining types, involving leftwards and rightwards greading of the marked
fedure [+voice]. Note that Dutch nasal assimilation, treaed in 4.2.1, is smilar to the first one of these; in fad,
thisrule spreals the marked placefedureslabia and velar to the left.



PEPERKAMP & DUPOUX 16

complementary distributions to begin with. This type of variation, then, can be undore only if
word segmentation is avail able and areaognitionlexicon can be mnstructed.

5. Surfacevariation d morphemes

As we have seen abowe, the processof undang phondogical variation consists of two steps.
First, the rule that introduces the variation must be deduced. Second, given a surface form, the
underlying form must be inferred. In the previous sction, we have shown that both tasks can
be accomplished withou semantics in the cae of surface variation d word forms. In this
sedion, we turn to surfacevariation d morphemes rather than of words, and argue that in the
absence of semantics, rules that introduces such variation can always be deduced; inferring
underlying forms, by contrast, can be acomplished orly if the rule is allophonc and non
neutrali zing.

Surfacevariation d morphemes is introduced by rules that do nd make reference to
properties of an adjacent word or to a prosodic bourdary larger than that of the prosodic
word. The variation can appear both word-internally and at a word edge; we will consider
examples of bath types. We will examine dlophonc variation first (5.1), and then turn to non
alophoric variation (5.2).

5.1 Allophonc variation

We will consider three cases of alophonc variation; the first two cases concern non
neutralizing rules, i.e. Japanese dfrication (5.11) and Italian /s/-voicing (5.1.2), while the
third case mncerns a neutralizing rule, i.e. Chamorro vowel reduction (5.1.3. We will argue
that only alophonc nonneutralizing variation can be completely undore in the ésence of
semantics.

5.1.1 Japanese dfricaion

In Japanese, /t/ turns into [t whenever it precedes the vowel [u]; the dfricate [t°] does not
otherwise occur in the language™ (1t6 & Mester 1995. Thisisill ustrated in (30).

(30) a [kat-anal] [katS-U] ‘WIiNNEgG - WiNprgs'
b. [kakikukeko] [tatfit°uteto] ‘k-column - t-column’

Given that no word can end in [t], the @ntext for affricaion is never met across words.
Hence this alophonc rule introduces surface variation d morphemes rather than o word
forms. Moreover, [t] and [t°] have complementary distributions:

(31) Complementary distributions:
[t occurs only before [u].
[t] occurs everywhere except before [u].

Ead surface [t%], then, must correspondto an uncerlying /t/, and this conclusion can be drawn
onthe basis of a phoretic representation orly, that iswithou accessto word segmentation and
semantic knowledge. Therefore, we predict that infants can deduce this rule and infer the

18 We astrad away from the occurrence of [t before other vowels in foreign loans, such as t°aitogaisuto
‘Zeitgeist'.
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underlying phaneme before they begin to segment speech into separate words; they should
thus remde eab instance of [t°] asan underlying /t/.

5.1.2 Italian/s/-voicing

As oppased to the cae of Japanese dfricaion, much allophonc variation d morphemes
requires word segmentation in order to be undore. In particular, this hads for variation
resulting from rules that are blocked acosswords. Consider, for instance Italian /5/-voicing.
Thisrule voices /4 if it precales a voiced consonant in the same word; the resulting [z] does
nat otherwise ocaur in the language (Camilli 1965.™ This rule thus introduces variation o
morphemes, asill ustrated for the prefix dis- in (32).

(32 a  disdire [dizdire] ‘to denie
b. disfare [disfare] ‘to undod

The rule gplying within words only, [s] and [z] do nd have complementary distributions
within a phrasal domain. To seethis, consider (33), where the rule goplies within aword (33a)
but fail sto apply in atwo-word phrase (33b).

(33 a  hbislungo [bizluno] ‘oblong’
b. bislungo [bisluyo] ‘long encore

In the asence of word boundries, only the foll owing surface regularity can be observed.

(34) Sufaceregularity:
[2] occurs before voiced consonants only.

Thisregularity is compatible with at least two hypatheses: either [z] is an al ophore of /¢ that
appeas before voiced consonants within some domain, o thereis a phoreme /z/ that devoices
before unva ced consonants as well as before vowels.

Which of these two hypotheses is corred canna be decided uriessword boundries
can betaken into acount. Complementary distributions within words can then be observed:

(35 Complementary distributions within words:
[2] occurs before voiced consonants.
[s] occurs everywhere except before voiced consonants.

The posshility that /z/ is a phoreme that devoices before unvaced consonants as well as
before vowels is now ruled ou, since it falls to acourt for the fact that [s] does not occur
before voiced consonants.?’ Therefore, [z] must be an alophore of /9 that appeas before
voiced consonants only.

To conclude, we predict that infants can undothe surface variation die to /g/-voicing
oncethey have acquired word segmentation.

5.1.3 Chamorro vowel reduction

19 At least not in central and southern varieties of Italian; in northern varieties, [z] also ocaurs as an all ophone of
/s between vowels (Nespor & Vogel 1986).

20 One might argue that this was not a viable option to begin with, given our assumption that eac segment is
involved in at most one phonologicd rule. Indeed, both assmilation (before unvoiced consonants) and
disgmilation (before vowels) would be involved.
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As an example of an alophonc neutralizing rule, consider Chamorro vowel reduction
(Topping 1968). In Chamorro, /u/ and /of are reduced to [u] in urstressed syllables.® Thisis
ill ustrated in (36).

(36) a  [dagu] ~ [i dogu-huj] ‘yam —my yam’
b. [péaj] ~ [i pico-ku] ‘chest — my chest’

The dlophore [u] does not otherwise occur in the language. Under the assumption that stress
is available & a distinctive suprasegmental property of vowels, the foll owing complementary
distributions can be observed:

(37) Complementary distributions:
[v] ocaurs withou stressonly.
[u] and[0] occur under stressonly.

Note that - as oppased to all other cases of complementary distributions we have examined so
far - these distributions are egually homogeneous. Homogeneity is therefore not available & a
cue for deducing which rule gplies. However, given that phondogicd rules are
deterministic, [u] and [0] canna be both derived by rule from a single underlying phoreme
/lul. As a onsequence, the distributions in (37) are only compatible with the hypothesis that
thereisarule of vowel reduction, changing /u/ and/o/ into [u].

We have shown, then, that the rule of vowel reduction can be deduced withou word
segmentation being avail able. It is easy to seg though, that even when surface word forms are
given, the underlying vowel for a given occurrence of [u] canna be inferred. In fad, the
aternations in (36) introduce variation in the phondogica redization d morphemes rather
than complete word forms; the words in the first column can be related to those in the second
one only onthe basis of lexicd knowledge, i.e. morphdogy and semantics. Consequently, we
predict that in the phondogicd representation d words in the mental lexicon, infants will
include [u] rather than the underlying full vowel from which it is derived; as morphdogy
becomes available, they can recode the words more estractly and delete [u] from the
phondogicd representation.

5.2  Nonalophonc variation

We ae now left with nonallophornc variation d morphemes, which can only be introduced
by neutrali zing rules. Using an example from German, we will show that this type of variation
canna be completely undane in the dsence of semantics.

5.2.1 German final devoicing

In German, the underlying contrast between vaced and unvaced obstruents is neutralized in
syllable-final pasition. In that position, orly unvaced obstruents surface. This neutralization

isill ustrated in (38).

(38) a  /bunt/ [burt] ~  [bunte] ‘multi -coloredyasc-rem’
b. /bund [burt] ~ [bunde] ‘leagueyom-oar’

2L Chamorro has a six-vowel system. We astrad away from the fact that the remaining four vowels smilarly
undergo pair-wise reduction to two ather al ophones.
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Unvoiced olstruents being phaemic, their distribution is not complementary to that of
voiced obstruents. However, once word segmentation is available, the following surface
regularity can be observed:

(39) Sufaceregularity within words:
Voiced obstruents do nd occur in final position.??

Given that voiced obstruents are found in aher paositions, this regularity triggers the
hypathesis that word-finally, voiced olstruents are devoiced.

The rule can thus be deduced if word segmentation is taken into accourt. However,
given that the rule introduces variation in the phondogicd redization d morphemes but not
in that of complete word forms, the underlying voicing value for a given word-final obstruent
canna be inferred withou morphdogy. In fad, the words in the left-hand column in (38) can
be related to those in the right-hand ore only on the basis of lexicd knowledge, i.e.
morphdogy. We predict, then, that infants will i nitially store words in their mental |exicon
with word-final unvaced obstruents, regardliess of whether these obstruents are underlyingly
voiced or voicdess it is only when morphdogy and semantics beaome avail able that infants
can infer the underlying consonants and modify the phondogica representation d words
acordingly.

5.3 Summary

Table 3 summarizes the results regarding surface variation d morphemes. The rules are
clasgfied according to whether they are dlophonc and/or neutralizing. In this table, we note
whether in the asence of semantics, the rules can be deduced and the underlying forms can
be inferred, respedively. As in Table 2, ‘easy’ stands for a process withou word
segmentation, while ‘difficult’ denotes that word segmentationis required.

deduction d therule inference of underlying
forms

alophonc nonneutrali zing

Japarese affrication; easy easy

Italian/s/-voicing difficult difficult
allophonc neutralizing

Chamorr o vowel reduction easy imposshble
non-alophonc neutralizing

Germanfinal dewicing difficult imposshble

Table 3: Undadng surfacevariation d morphemes withou semantics

Only surface variation introduced by alophonc nonneutralizing rules, such as Japanese
affrication and Italian /s/-voicing, can be completely undae withou semantics. The case of
Japanese dfricaion is particularly straightforward, since word segmentation is unrecessary.
Variation introduced by allophonc neutralizing or non-allophornc neutralizing rules, such as
Chamorro vowel reduction and German final devoicing, respedively, canna be completely
undore withou semantics; that is, while the rules can be deduced, the underlying forms
canna beinferred in the absence of semantic knowledge.

%2 We asame that word segmentation preceles syllable segmentation. Hence, the mrred generalization that
voiced obstruents fail to occur syllable-finally, will be made only at some later stage.
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6. Conclusions

In this paper, we have examined surface variation d word forms or morphemes introduced by
postlexicd phondogicd rules. We have decomposed the process of undang phondogical
variation into two steps, consisting of the deduction d the rule and the inference of
underlying phanemes and word forms, respedively. We have agued that arule can aways be
deduced in the asence of semantics. As to the inference of underlying phoremes and word
forms, we have agued that if the phondogicd variation concerns word forms it can always
be drawn in the asence of semantics; if the variation concerns morphemes only, by contrast,
it canna in general be drawn (the exception keing the cae of alophonc nonneutralizing
rules). In terms of early lexicd acquisition, these results bol down to the following
generalizations. On the one hand, all phondogica variation that complicates the problem of
lexicd aqquisition, i.e. variation d word forms, can be undme by infants before cnstructing
a lexicon. On the other hand, most of the phondogicd variation that does not interfere with
ealy lexicd aqyuisition, i.e. variation d morphemes, canna be undore & this gage.?*> Hence,
we @nclude that surface variation introduced by postlexicd phondogy does not interfere
with ealy lexicd aqquisition; that is, infants can find al and orly those word forms, i.e. the
underlying word forms, that need to be mapped orto a meaning before they actually begin to
resolve the form-to-meaning problem.?*

Of course, we made many simplifying assumptions, and the red task faced by infants
is much more complex. For instance languages generally have more than ore postlexicd rule,
and, more importantly, rules often interad with ore acther. A consequence of rule
interadion is that some rules are opaque, in that there is no surface true generalization
pertaining to them. That is, either their output or their context of applicaionis transformed by
the gplication d anather rule. Despite the numerous smplificaions, our approach all ows to
make predictions regarding the order in which various types of phondogical variation are
undore by infants. Spedficaly, we have shown that for certain types of variation, bdh the
deduction d the rules and the inference of underlying forms are ‘easy’, in that they can be
coped with withou word segmentation (see Tables 2 and 3. Hence, these types of variation
can be undane by infants within the first year of life. Other types of phondogical variation are
‘difficult’ to undo,in that the inference of underlying forms and dten also the deduction d
the rule require word segmentation. We exped that infants will only be ale to undothese
types of variation orce they have stored a fair amount of lexicd items into a recognition
lexicon, that is, presumably only within their seaond year of life. Finally, some types of
phondogicd variation canna be mwmpletely coped with withou semantic knowledge, since
the underlying forms canna be inferred. We predict that infants will not undothese types of
variation urtil they are well advanced into the soundto-meaning aqquisition and bkegin to
decompase words into morphemes.® We plan to carry out both experiments with infants and
computer simulations to test these predictions.
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