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-Are 'dOtA an cphraimite?
When he saia. '"No. - thel1 saia to him

"C:fhen sa!1 Shibboleth. -
and he saia.
-Sil:Jl:Joleth -

for he cOtAld notpronouYlce it riqht
then they seizeahim and sle'N him at the fards of the 'Jordan.

And there fell at that time fortld-two thousand of the E:phraimites.

Judges /2:5-6

Thankfully7 the consequences of L 1 phonological interference are not so grave today....
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Abstract

Through an investigation of the acquisition of feature geometric representations

in first and second language acquisition, this dissertation demonstrates how the Feature

Geometry theory contained in Universal Grammar aetively guides and constrains the

acquisition of segmental representations by children. In addition, it demonstrates how

the mature feature geometry in a speaker's mental grammar restriets the range ofnon

native phonemic contrasts that he or she will he sensitive to in the input and, hence, able

to acquire as an L2 leamer.

Three related areas ofresearch are explored and integrated in this work: first, a

theoretical study explores the feature-geometric representation of sonorant and non

sonorant laterals, based on their behavior in a variety of phonological processes cross

linguistically, and suggests that [lateral] is not a phonological feature, but rather that

laterality is a phonetic property that derives from a specifie feature-geometric

representation; second, an experimental study investigates the acquisition of phonemic

contrasts by English children and demonstrates that segmental representations are

acquired in a uniform order that is consistent with properties of Feature Geometry;

finalIy, a series of experimental studies examines the perception and acquisition of the

English II-rI, fb-v/, 1p-f1, If-vI and Is-& contrasts by native speakers of Japanese,

Mandarin Cmnese and Korean.

The findings from each of these studies are synthesized 10 obtain a

comprehensive pieture ofhow segmental representations are acquired and how this LI

knowledge impinges on the acquisition ofL2 phonemes: it is argued that the monotonie

acquisition offeature-geometric structure by young children restriets their sensitivity to

particular non-native contrasts, and the continued operation of this existing feature

geometry in adult speech perception constrains which non-native conttasts adult

leamers will he sensitive to in the L2 input and. therefore~ capable of acquiring; the

circumstances in which the native grammar facilitates perception of non-native contrasts

and in which acquisition is possible are also discussed.

vi
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Résumé

À travers l'étude de l'acquisition des représentations géométriques de traits en

apprentissage d'une première et seconde langue, cette thèse démontre que la théorie de

la Géométrie de Traits, qui relève de la Grammaire Universelle, guide et régit

activement l'acquisition des représentations segmentales chez les enfants. De plus, il est

montré que la géométrie de traits présente dans la grammaire maternelle d'un locuteur

restreint le champ de contrastes phonémiques non natifs auxquels cette Persone sera

sensible et qu'elle sera donc à même d'acquérir en tant qu'apprenant d'une langue

seconde.

Trois domaines de recherche sont examinés et reliés au sein de ce travail: tout

d'abord, une étude théorique explore la représentatio~en tennes de géométrie de traits,

des latérales sonorantes et non-sonorantes en se basant sur leur comportement dans

plusieurs processus phonologiques à travers les langues. Il est suggèré que [latéral]

n'est pas un trait phonologique mais que le caractère latéral est une propriété phonétique

qui dérive d'lUle représentation géométrique de traits particulière. Ensuite, une étude

expérimentale examine l'acquisition de contrastes phonémiques chez les enfants anglais

et montre que les représentations segmentales sont acquises suivant un ordre uniforme

qui est compatible avec la Géométrie de Traits. Enfin, une série d'études expérimentales

explore la perception et l'acquisition des contrastes anglais il-ri., Ib-vl., 1p-f1, If-vI et Is

8/ par des apprenants dont la langue maternelle est le japonais., le chinois mandarin et le

coréen.

Les résultats de chacune de ces études sont synthétisés de façon à obtenir une

image complète de la façon dont les représentations segmentales sont acquises et dont la

connaissance native affecte l'acquisition des phonèmes de la L2. Nous montrons que

l'acquisition monotonique de la stnlcture géométrique de traits par les jelUles enfants

restreint leur sensibilité à certains contrates non natifs et que dans la Perception adulte

l'opération continuelle de la géométrie de traits déjà existente régit la nature des

contrates non natifs auxquels les apprenants adultes seront sensibles dans la langue

vu
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seconde et qu'ils seront donc capables d'acquérir. Les circonstances dans lesquelles la

grammaire maternelle facilite la perception de contrastes non natifs et où de nouvelles

représentations segmentales sont acquises avec succès sont également discutées.
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xix



•

•

Introduction to the Thesis

Within standard generative linguistics, a speaker's phonological knowledge is believed

to comprise a set ofabstract representations, a set of well-formedness constraints and a

set ofrules that govem. the realization of those abstract forms. Accordingly, one of the

primary goals ofphonological theory within this framework is to determine the precise

content and structure of phonological representations in a speaker's mental grammar

and ta fonnulate mIes which account for the relationship that holds between these

representations across different levels of the phonology (e.g., underlying and surface

fonns). Acquisition researchers and psycholinguists working in this paradigm have, at

the same time, endeavored to demonstrate that the constructs posited by theoreticians

are not merely fonnal toois for describing a linguistic system, but correspond to

psychologically reaI entities that are learnable and have psycholinguistic ramifications

once acquired.

With respect to k;)ôwledge of phonemes, the introduction of the theory of

segmental representation known as Feature Geometry (e.g., Clements, 1985; Sagey,

1986) bas provided significant insights Înto both the nature ofsegmental representations

and the processes which act upon those representations. As a result of advances in this

framewor~ the grammar bas come to he viewed as containing highly articuJated

representations and a small set of simple phonological rules whose operation and

particular effects follow directly from the content and struetme of segmental

representations. 1 Though long recognized that segments are themselves comprised of

1 There has been a recent shift away ftom conceiving of the grammar as a set of rules and
constraints to viewing it as containing only a set of universai constraints that govem the weil·
fonnedness ofoutput (surface) fonns, as put forth in Optimality Theory (McCarthy &. Prince, 1993 and
Prince & Smolensky, 1993; the raIe of constraints is similarly emphasized in Hannonic Phonology,
Goldsmith, 1993, and in the TCRS framewo~ Paradis &. LaCharité, 1993). At the same time.. several
researchers worldng within Optimality Theory have downplayed the mIe of segmental representations,
including the hierarchical organization of features within the segment.. placing the burden of accounting
for segmental processes entirely onto the constraints and thcir complex interaction (sec e.g., Cole &.
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subcomponents, called distinctive features (e.g. Chomsky & Halle, 1968; Jakobson,

1941; Trubetzkoy, 1939), the innovation that these features are organized within the

segment in hierarchical arrays (i.e., not unordered bundles) bas enabled phonologists to

explicate the range of segments that languages use to constnlct their phonological

systems and to expIain the range ofphonological proeesses attested cross-linguistically,

including the behavior of individual segments in those processes.

The hierarchical relations encoded in feature geometric representations

dependency and constituency - capture strueturally many of the cross-linguistic

observations that heretofore were merely stipulations in the theory. Dependency

relationships between features, as shown in (1), explicate the fact that not ail possible

feature combinations yield sounds that are attested cross-Iinguistically (note: for

expository purposes, only a portion ofthe Feature Geometry bas been given).

(1) PLACE

LabïalQ~rsaI
1

anterior

We see here that the feature [anterior] is a dependent of the feature [coronal]: the

presence of [anterior] in a representation entails the presence of [coronal]2 and,

conversely, [anterior] may ooly attaeh to [coronal]. This unique structural relation

between these two features explains why the anterior sounds that define a natural c1ass

are invariably coronal and wby phonological processes that target (coronal] will affect

bath anterior and non-anterior coronal segments.J

In addition to dependency relations, the features that define a particular cIass of

Kisseberth, 1994; Padgett, 1994; Pulleybl~ 1994). The arguments presented in this thesis will be
couched in tenns of feature-geomeuic representation and the exploration of first and second language
acquisition will demonstrate that there are significant theoretical and empirical advantages to
maintaining an internai segmental organization. A discussion of the conceptual and empirical
differences between the DT and Feature Geometry frameworks, and their implications for LI and L2
acquisition, can be found in Appendix E.

2 The same is true ifassume we that features are bivalent (i.e... [+/-anterior»; in mis case., the
presence ofeither value ofthe dependent feature entails the presence ofthe superordinate fearure.

3 TraditionaHy, [anterior] was used to define labial segments and the set of corona! segments
articulated at or in front ofthe alveolar ridge (e.g., dental and alveolar segments). However, since labials
and anterior coronals do not define a naturaJ class, [anterior] has been reinterpreted to define only a
subset ofcoronal articulations.
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sounds are organized into constituents, such as PLACE above. Since phonologica1

processes manipulate constituents of segmental structure, the features of a constituent

will pattern together in phonological operations; for example, a process that targets the

PLACE node necessarily affects aU places ofarticulation; in other words, no process cao

target both labial and coronal segments, to the exclusion of dorsal segments, because

the features [labial] and [coronal] do not form a constituent in the hierarchy. Thus, the

fact that phonological processes invariably target natura! classes of sounds is aIso

formally captured by the relations encoded in the feature hierarchy.

Feature Geometry has, therefore, not ooly improved our conception and

theoretical characterization of phonological representations and ruJ~ thereby resu1ting

in a more tightly constrained theory, it bas also made it possible to provide a unified

analysis oi heretofore seemingly disparate phenomena. Processes such as place-ot:

articulation assimilatio~ whereby a nasal segment, for example, takes on the place of

articulation ofa following stop consonant (regardless ofthe stop's place of articulation)

are widely attested cross-linguistically, yet in linear frameworks, such as The Sound

Pattern of English (Chomsky & Halle, 1968), these very common processes were

expressed as three separate rules involving [anterior] and [Coronal]; in Feature

Geometry theory such assimilation is viewed as a single operation that targets the

superordinate PLACE node, thus capturing the elements of the segments these processes

affect as weil as the prevalence of these processes. Furthermore, and perhaps more

importantly, this theory provides a principled explanation for why cenain phonological

processes or logically possible feature combinatioDS are NOT attested across the

world' s languages.

The full set of distinctive features and their hierarchical organization constitutes

a universal Feature Geometry. While no one language utilizes ail of the components of

this geometry, every phoneme in the world's languages cao he represented in terms of

the features and structural relations encoded there and, conversely, the representation of

every phoneme confonns to this hierarchical organization. Thus, as a universal

principle of feature organization, Feature Geometry theory is hypothesized to he a
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component ofthe biologically endowed language faculty, Universal Grammar (UG).

Couched within the larger generative paradi~ Feature Geometry is intended 10

he a characterization of the mental construet undedying speakers' knowledge of

phonemes, rather than merely a formai tool for describing a phonological system. Not

surprisingly the~ in addition to cross-linguistic phonological researcb, there bas been

considerable research dedieated ta uncovering the acoustic and articuJatory foundations

of the content and hierarchical structure of segmental representations (see e.g.,

Browman & Goldste~ 1986, 1989; Halle, 1983; Stevens, 1989). The feature

organizatio~ which effectively represents the vocal tract, provides a more direct

relationship between the phonological representation and its phonetic interpretatio~

elucidating the relationship between the abstract linguistic system and its re;tlization in

the physical worId; the theory ofFeature Geometry enables us to structurally capture the

connection between what is a possible speech sound (Le., its acoustic and articulatory

properties) and its phonological behavior in the grammar. This convergence of the

phonetic properties of segments and their absttaet phonological behavior, while not

requisite for the generative position, lends support to the claim that the hierarchical

organization ofspeech sounds is a basic property of the human language faculty.

The aim of this dissertation is to examine the acquisition of feature geometric

representations in first and second language acquisition in order to provide evidence for

the claim that the theory of Feature Geometry is a property of Universal Grammar and

that feature geometric representations are, in fac!, mental constructs in a speaker's

grammar and, as such, undedie language use. By investigating the representation of IIJ

and Irl and acquisition of these segments, as weil as others, 1 demonstrate that the

theory of Feature Geometry actively guides and constrains the acquisition process and

that once acquired, feature geometric representations have psycholinguistic

consequences for the perception of SPeech sounds. Below, 1 briefly introduce the four

independent papers that comprise this dissertation and indicate how the results from

each one contribute to the goal of providing support for the daim that the hierarchical

nature of segmental representations is a property of UG and that segmental
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representations correspond to psychological properties ofthe human mind.

A1though the theory of Feature Geometry is by now weil developed and

empirically supponed by cross-linguistic da~ there is still some disagreement in the

literature as to the exact arrangement of specific features and the corresponding

representation of segments containing those features (see e.g., Clements &. Hume,

1994; Rice & Avery, 1991b; McCarthy, 1988). The ongoing task of research in this

ar~ then, is to determine conclusively which phonological features should he

recognized and where they are to he positioned in the universal hierarchy of features.

Chapter 1 of this dissertation, "The feature geometry of lateral approximants and lateraI

fricatives", contributes to this task by considering the representation oflaterality and the

status of the feature [lateral] in the universal hierarchy. Lateral segments bave

traditionally been analyzed as being distinguished from other segments by the feature

[lateraI]. However, there is considerable controversy regarding the proper positioning

of (lateraI] in the hierarchy and, therefore, the correct representation of lateral segments

(see e.g., Levin, 1988; Rice &. Avery, 1991b; Shaw, 1991; Vip, 1990). In addition,

existing proposais for the representation of laterality cannot account for the full range of

behavior ofthese segments cross-linguistically: positing [lateraI] as a dependent of the

SONORANT VOleE node fails to explain why, in some cases, laterals are created during

place assimilation, and positing (lateral] as a CoronaI dependent incorrectly predicts that

place assimilation will produce lateraI segments cross-linguistically and that processes

involving sonorancy will NOT affect laterals. Moreover, these proposais are based

entirely on the behavior of sonorant lateraIs, effectively ignoring any insights into

laterality that examination ofnon-sonorant laterals could potentially provide.

The evidence presented in this cbapter, from the behavior of both sonorant and

non-sonorant laterals in a variety of phonological processes, indicates that laterality is

not a singular property~ but is crocially contingent upon properties of both place of

articulation and degree of articulation, thus resisting standard treatment in feature

geometric tenns. On theoretical grounds, 1 argue that [lateral] is Dot a phonological

feature, but rather that laterality is actually a phonetic property of segments that derives
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from the implementation of a particular phonological structure.4 Viewing Iaterality in

this way enables us to account for the fact that latera1 segments are invariably coronal

yet do not participate cross-linguistically in phonological processes tbat target coronal

segments.

Eliminating the feature [lateral] ftom the universal hierarchy of phonological

features, however, bas consequences for several aspects of the phonological system.

Most importantly, it requires that lateral segments he distinguished from other

approximant (or fricative) segments in the speaker's mental grammar by sorne means

ather than that feature. Thus, in addition to considering the representation of laterals, 1

discuss the representation of the non-tateral approximant Ir! and the non-Iateral fricative

IsI, and suggest that bath are distinguished from their lateral counterparts by the feature

[coronal]. Removing [lateraI] from phonological representations a1so predicts that this

feature will not he a factor in the acquisition of phonemes: it should play no role in

predicting the order ofphoneme acquisition and phonological roIes posited by children

shouId not make crucial reference to this feature. Rather, the feature [coronal] is

predicted to he intimately linked to the acquisition of II/ and Irl (and IsI in those

languages that contain a lateral fricative) and to phonological processes which affect

these two segments. Finally, excluding [lateral] from the universal feature hierarchy

(and, therefore, from representations posited in a speaker's grammar) entails that the

psychological reflexes offeature-geometric representations (wbateverthey may he) will

not stem from the lateraIity of a segment, but rather from its coronality. While the

phonological representations proposed for IV and Irl are supported by cross-linguistic

data, assessing the predictions that these representations make for the acquisition and

use of this knowledge requires us to look outside the phonological system proper, to its

development in first and second language leamers.

The second paper of this dissertation, uThe role of feature geometry in the

acquisition of phonemic contrasts"~ explores the consequences for first language

acquisition ofpostulating that IV and Ir! are distinguished by the feature [coronal], while

4 Spencer (1984) also proposes eliminating the feature [laIeraI); his proposai is discussed in
Chapter 1. footnote 1.
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al the same time investigating the role of UG in the acquisition of phonological

representations~more generally. As part ofthe phonological knowledge contained in the

biologically endowed language faculty ~ UG~ the universal feature hierarchy (including

its content and the dependency and constituency relations encoded there) shouId provide

the child infonnation about what phonemic contrasts are possible in the world's

languages and guide the acquisition of those feature-geometric representations.

Researchers have, in fact, demonstrated that children~s phonological performance can

he analyzed in terms offeature-geometric representations and roIes that operate on those

hierarchical representations (see. e.g., Dinnse~ 1993; Goa~ 1996; Ingram, 1989;

Levelt, 1994; Spencer, 1986, in/er a/ia). However~ to date it has not been established

precisely how those representations are acquired in the first place; similarly, it bas not

yet been investigated whether Feature Geometry theory plays a discemible role in the

acquisition process.

Chapter 2 develops and experimentally tests a theory of phoneme acquisition

whose central claim is that the universaI feature hierarchy encoded in ua actively

constrains the acquisition of segmental representations by providing the material from

which representations will he constructed and detennining the order in which they will

he acquired. [1 is hypothesized that when the child detects that two sounds are used

contrastively in the ambient language, the structure that distinguishes those two

segments is added 10 the emerging Feature Geometry in the child's mental grammar

(Rice & Avery, 1991a, 1995). The experimental data presented here show that

segmental representations are indeed gradually huilt up, in a systematic order, uotil ail

of the target language phonemes are differentiated, and that 11/ and Ir/ in particular are

only distinguished once [coronal] bas been added to the child's grammar. By

establishing how child.ren acquire segmental representations, this research demonstrates

that feature-geometric representations are indeed acquired on the basis of positive

evidence and that knowledge of the hierarchical arrangement of features is a component

of UG, thereby providing indirect support for the proposed representations of II/ and

Irl, and for the theory ofFeature Geometry itself:
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Still at issue, though, is whether feature-geometric representations have any

psychological validity; can we find evidence that these representations underlie language

use? If phoneme representations are indeed mental constructs in a speaker's mind, then,

once acquired, we might expeet psycholinguistic effects that refleet the nature of those

representations. For that evidence we tum ta mature speakers. The results of chapter 1

(i.e., that /II and Irl are distinguished by the feature [coronal]) combined with the results

of chapter 2 (i.e., that segmental representations are constructed on the basis of the

leamer's detection of contrastive use of those segments in the input) makes some

interesting (and testable) predictions for how the native grammar will affect second

language acquisition. The third paper presented in this thesis, "The role of the LI

grammar in the L2 acquisition of segmental structure", synthesizes the findings from

the first two papers in order to develop a theory of how the LI grammar, in particular,

the mature feature geometry~ influences the course and relative success of acquiring a

second phonological system. Most second language acquisition researchers readily

acknowledge that the LI grammar exens a tremendous influence on L2 acquisition,

though they are less certain as to which aspects of the grammar are responsible for this

interference and precisely how it arises (see e.g., papers in Schwartz & Sprouse,

1996). This paPer represents the first attempt to constr'Uct a theory of LI interference

which integrates the findings of infant speech perception research and LI phonological

acquisition and, in doing so, suggests an origin of the LI phonological system's effect

on the speech perception system and the mechanism by which it subsequently

constrains L2 acquisition.

Examination of the development of speech Perceptio~ in conjonction with LI

phoneme acquisition, indicates that a child's perceptual capacities worsen as bis or ber

ability to discriminate phonemes strueturally in the grammar improves. This is taken as

evidence that the e1aboration of Feature Geometry in the child's grammar imposes the

boundaries according to which phonemes will be categorized perceptually. Thus, not

only does the acquired hierarchy of features reflect which segments are contrastive in

the child~s grammar, it also corresponds to the organization of the SPeech perception
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system. This proposal~of course~ bas important implications for L2 acquisition. Since

accurate perception of contrastive segments triggers acquisition of the structure that

differentiates those segments~ leamers should only acquire those non-native phonemes

which they deteet in the input. These predictions are tested by investigating the

acquisition of the Il-r/ contrast by native speakers of Chînese and Japanese. The

experimental results indieate that L2 leamers will, in f~ accurately perceive oo1y those

non-native contrasts that are distÏnguished by a feature already present in their native

grammar and that they will acquire oo1y those contrasts which they perceive as distincL

This suggests that the feature geometty elaborated in the child9 s mental grammar in first

language acquisition Mediates the perceptual syste~ defining the boundaries of their

perceptual capacities. Thus9 the research presented here establishes that fea~

geometric representations have psychological reflexes in the perception of speech

sounds~ strongly supporting the view that a speaker's knowledge of phonemes is

hierarchical in nature and truly a property ofthe mind.

The final paper presented in this thesis, 'The interrelation between speech

PerCeption and phonological acquisition from infant to adult'9, further develops the

theory of LI influence outlined in the previous chapter and extends this research by

exploring the acquisition of several English contrasts by native speakers of Japanese,

Chinese and Korean. Comparison of these three language groups enables us to

detennine more conclusively whether it is the phonological features or the phonetic

features of the LI that guide speech perception. The differential success that these

speakers have in acquiring a given non-native con~ as weil as the differential

success that speakers ofa particular LI have in acquiring different contrasts~ is shown

to follow directly from the (phonological) featural properties of their LI grammars. By

isolating the properties of the LI grammar that impinge upon L2 acquisition, we finn1y

establish that what appears to he "partial influence" of the LI grammar is~ in fac!, total

influence of the LI phonological system on the L2 acquisition process: facilitating

proper perception of the input and, hence, successful acquisition in some instances and

impeding accurate perception an~ therefore, preventing acquisition in others. How this
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effect of the native grarnmar changes over the course of L2 development is aIso

addressed experimentally by comparing the perceptual capacities and phonological

development of beginners and more advanced learners. Thus, the theory of LI

influence and L2 segmental acquisition presented here, which relies heavily on the

representations proposed in Chapter 1 and the theory of phonological acquisition

espoused in Chapter 2, accurately accounts for cross-Iinguistic, as weU as

developmental, patterns ofL2 phoneme acquisition.

The dissertation concludes with a discussion of the contributions that the

combined research presented here makes to our understanding of what constitutes

knowledge ofphonemic contrasts, how this knowledge is acquired and, once acquired,

how this knowledge is used in the processing of speech sounds. This discussion is

extended in Appendix E with an examination and evaluation of the implications of a

recent shift in phonological theory for the theories of first and second language

phoneme acquisition developed in this dissertation.
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Preface to Chapter 1

In arder ta explore the acquisition ofsegmental representatioDS by cbildren and examiœ

the psycholinguistic effects ofthese representations in mature speakers~ we must first

establish how to best fonnally cbaracterize a speaker7s knowledge of the phonemes

used in bis or her language. Only once we have detennined the fonn and content of

these representations cao we consider how that knowledge is acquired and subsequently

used in language comprehension and production. Thus~ Chapter 1 will explore the

representation of lateral segments, and other closely related segments7 in order ta

provide the theoretical underpinning for our subsequent exploration of the acquisition

and use of these segmental representatioDS in first and second language acquisition.

Before we examine the representation and phonological hehavior of lateraI segments7

though, it will he necessary to briefly review a few of the assumptions underlying the

theory of segmental representation that will he adopted in this, and foUowing7chapters.

The theory of segmental representation that will he pursued here is known as

Feature Geometry (Clements, 1985; SageY7 1986). The universal set of features and

their hierarchical organization can he illusttated in a model of Feature Geometry7 such

as the one presented in (1).

(1) ROOTI------------LARYNGEAL SUPRALARYNGEAL

~ -------,--------aspiration voice SONORANT vOlœ PLACE continuant
~ ~~

nasal approximant Labial Coronal Dorsal

1 A A
round anl disl hi 10

1 The abbreviated features [ant], [dist], [hi] and [10] stand for [anterior], [disaibuted]. [high] and
[Iow], respec:tively.
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Thus~ Feature Geometry differs from its predecessors in postulating that the distinctive

features which comprise segments are arranged within the segment into hierarchical

constellations (i.e., feature geometries), rather than consisting simply of unordered

bundles (e.g.~ Sound Panern ofEnglish~ Chomsky & Halle, 1968; henceforth~ SPE).

Each of the features in this geometry exisls on its own tier and cm, thus, function in the

phonological system of a language independently; note, however, tbat these

autosegmental features are also organized into groups of features (Le., constituents),

which are dominated by a single feature or ~~noden. Thus~ although the different features

cannot "see" each other (because they are organized on separate tiers), they May

function as a constituent in phonological proœsses because at a higher level of

organization they constitute a single uniL

While no one language manipulates all components of this universal Feature

Geometry, every phoneme in the world's languages cao he represented in tenns of the

features and structural relations present in this geometry. Phonemes are distinguished

from one another in a grammar by their unique structural representation (i.e., feature

geometry). The representation ofa given segment will he a subset ofthe entire universal

geometry above; its precise representation will depend on which segments it contrasts

with in the particular inventory, yet it will always conform to the hierarchical relations

encoded in (1). An example of two such feature-geometric representations is given in

(2); note that SV stands for Sonorant Voice, which will he explained helow (al5O, the

superordinate structure that is not relevant to this discussion bas been omitted).

(2) Iml
ROOT
~

SV PLACE

1 1
nasal labial

IrJl
ROOT
A

sv PLACE

1 1
nasal dorsal

Both of these segments contain the feature [nasal], indicating that they are articulated

with a flow ofair through the nasal cavity; however they conttast in their specification

for place of articulation: the geometry for Imi contains the feature [labial], while IrJl
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contains the feature [dorsal]. Any language in which lm! and lrJ1 are phonemes will

contain these representations in its grarnmar.

Though Feature Geometry theory bas rejected many of the assumptions oflinear

phonology, it still recognizes features to he the primitive components of phonological

representation. Thus, an important issue in this framework, and an ongoing task for

theoreticians, concerns which features should he fonnally recognized. Historically,

features have been defined such that each one corresponds to both an articulatory and an

acoustic property of sounds (Jakobso~Fant &. Halle, 1952). However, within the SPE

framework (Chomsky & Halle, 1968), there was a shift towards defining (most)

distinctive features in tenns ofarticulatory properties, and that trend bas continued into

non-linear phonology (see especially Sagey, 1986).

While Feature Geometry theory bas basically adopted the set of SPE fearures, it

bas aIso introduced some new ones as weU. Since Feature Geometry organizes features

into hierarchical constituents, a distinction is made hetween features (i.e., terminal

features) and nodes (Le., the structure which organizes those features); the nodes,

themselves, are furtherdivided ioto IWO types: Content nodes, which often correspond

to traditional features, and Organizing nodes (also referred to as class nodes by

Clements, 1985), which organize Content nodes and/or features. Finally, the ROOT

node organizes aU Organizing nodes. Looking back at the geometry in (1), we see, for

example, that PLACE is an organizing node, sioce it dominates the nodes that define

place of articulation, while CoronaI is a content node, and [anterior] is a terminal

feature. Though there is a three-way distinction hetween Organizing nodes, Content

nodes, and featw'es, for ease of exposition, [ will typically refer ooly to nodes and

featuresy treating content nodes, such as coronal, as features.

Despite certain differences hetween organizing nodes and features, the evidence

used to determine whether a feature or node should he recognized in the universal

Feature Geometry is the same: in order to he recognized in the hierarchy, a feature or

node must he shown to he manipulated~ either as a trigger or a targe!, in sorne

phonological process. When a phonological rule makes unique reference to a gjven
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phonological feature, the phonologist bas evidence that that feature is indeed a member

of the universal hierarchy; similarly, when two or more features reguIarly pattern

together in phonological processes, the phonologist bas evidence that those features

fonn a constituent that is hea.ded by a unique Organizing node. We will see in this

chapter that there is still no consensus in the literature as to the universal set offeatures.

Closely related to the issue of which features to recognize is the question of

whether features are bivalent (Le., being specified for bath (+) and (-) values) or

monovalent. Here, again, evidence for a particular value of a feature comes from its

demonstrated involvement in phonological processes. Traditiooally, each feature bas

heen assumed to have bath a positive and negative value; bowever, severa! aspects of

Feature Geometry theory led 10 the adoption of monovalent features. The introduction

of organizing nodes, which were simply present in or absent from a representation,

opened up the possibility that the distinction between (+) and (-) values of a feature

might he captured by the mere presence or absence of that feature in a representation.

Furthennore, the move toward an articulator based theory in which certain nodes, sucb

as Coronal, represented the articulation itself suggested that not aIl features were

bivalent: the presence of [-œronal] in a representatio~ which would entail the Jack of

this articulator's involvement, is incongruent with the presence (in the same

representation) of its dependent, (+anterior], which would designate the active

involvement of the coronal articulator. Thus, it was postulated that the Organizing and

Content nodes, such as PLACE and CoronaI, were monovalent, but that the tenninal

features, such as [anterior], were bivalent (Sagey, (986). Mounting phonological

evidence, however, suggests that only one value of most features is ever crucially

referred to in the fonnulation of phonological rules (see e.g., Steriade, 1987, on

[round]; Itô & Mester, 1989, on [voice]); considerations of parsimony (Le., fewer

options available ta the grammar), then, ravor monovalency. Therefore, [ will assume

here that ail phonological features are monovalent and it is the mere presence of a

feature in the representation of a segment that designates the active involvement of the

relevant articulator, while the absence of a feature from a representation entails that the
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corresponding artieulator is not active in the production of that segment (Anderson &

Ewen, 1987; Avery & Riee, 1989; van der Hulst, 1989).

A separate yet related issue is underspecification. In addition to detennining

which features to include in the universal Feature Geometry, and their respective

values, phonologists must also wrangle with the issue of how many features ta include

in any given representation. Much of the work in phonological theory, as in linguistie

theory in general, bas been guided by the presomption that underlying representations

contain only idiosyncratie properties; any redundant, or predietable, information is

absent from these representations and will he supplied during derivation. If we assume

that features are monovalent, then sorne of the redundant infonnation will he absent

from segmental representations; for example, since [-continuant] is no longer a possible

feature, a coronal nasal will not he specified for [-continuant], a1though it is, in fact,

non-continuant. Yet monovalency does not remove ail of the redundancy: ail coronal

nasals in English are anterior (i.e., there is no contrast between anterior and non

anterior nasals), thus the feature [anterior] is redundant for nasals in the English

system. Eliminating redundant features from segmental representations captures

formally the faet that these features are inert in the phonological system; the question is

how to determine which features are redundant. Once again, involvement (or, in this

case, non-involvement) of features in phonological processes or phoneme inventories

provides evidence for their specification (or underspecification) in segmental

representations.

Although the issue of underspecification bas been the subject of much debate

and has given rise to many different proposais in the literature, it continues to play a

significant mie in theories of non-linear phonology (e.g., Radical Underspeeification:

Archangeli, 1984, 1988; Pulleyblank, 1986; MinimaIly Contrastive Specification:

Avery & Riee, 1989; Degree-2 Specification: Clements, 1988b; Contrastive

Specification: Steriade, 1987). In this dissertation, 1 adopt Avery & Riee's theory of

Minimally Contrastive Specification (MCS). This theory of underspecification~which

assumes monovalent features, is inventory driven: which features a segment is specified
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for depends entire/y on what il contrasts with in the particuIar inventory. Segments are

only specified for those features which are necessary to distinguish them from other

phonemes in the language~ and features are introduced into a grammar only as they are

required to differentiate segments in the inventory. Refening back 10 our English

coronal nasal ag~ under MSC~ this segment~s representation will not contain the

feature [anterior] because there is no contrast between anterior coronal and non-anterior

coronal nasals in English; the anteriority of this corona! nasal is pred.ietable and will,

therefore~ he supplied during phonetic implementation.

Thus, the issues of monovalency and underspecification refine our theory of

segmental representation: eliminating redundancy (i.e., two values of features and

predictable features) from underlying representatîons entails that these features will he

inert in the phonological system. One consequence of these assumptions is that

phonologists cao use the involvement (or non-involvement) of particuIar features as

direct evidence in detennining which features to recognize and their positions in the

universal Feature Geometry~ as weil as to ascertain the representation of individual

segments that contain those features. Although many of the phonological featw'e5 have

been definitively located within the universal hierarchy, the correct positioning of a

small handfuI still remains uncertain.

One snch enigmatic feature is [lateraI]; no fewer than four different proposaIs

regarding its place in the geometry~ and the corresponding representation of lateral

segments, currently exist in the literature. Lateral segments have traditionally been

analyzed as being distinguished from non-lateraI segments by the feature [lateraI] (e.g.,

Chomsky & Halle~ 1968); lateral segments contain this feature (or, in a theory of

bivalent features, are specified for [+lateraI]) and non-Iateral segments do not. With the

advent of Feature Geometry theory, titis anaIysis of lateral segments was maintained

and phonologists set out to determine the position of [lateral] in the geometry.

This chapter uses the phonological behavior of sonorant and non-sonorant

laterals in order to probe the validity of [lateral] as a phonological feature and to

deterrnine the proper feature-geometrlc representation of laterality. The feature-
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geometric representation of a segment does two things: it captures articulatory (or

acoustic) properties ofthe segment (e.g., whether or not it is executed with the lOngue

blade) and it accounts for the segment's behavior in phonological processes (i.e.,

whether il is a trigger or target of a phonological operatio~ or transparent to the

process). When the representation posîted for a segment isco~ bath the artîcuJatory

and phonological properties will falI out from that singular representation. However,

lateral segments pose a problem for the theory ofFeature Geometry in that the evideoce

from the articulatory properties of the segment and the evidence from its phonological

behavior fail to converge. Lateral segments (bath sonorant and non-sonorant laterals)

are invariably produced with a coronal place of articulation - suggestÎDg that [lateral] is

a dependent of [coronal] - yet these segments do not always participate in phonological

processes which target coronaI sounds - suggesting that [lateraI] is oot a dependent of

(coronal]. Moreover, the phonological behavior of laterals is itself ambiguous: in sorne

instances, these segments pattern with the sonorants in a language (or non-sonorants in

the case of lateral fricatives) and in other cases, they pattern with the coronals. From

cross-linguistic da~ it appears that laterality is dependent on properties ofboth place of

articulation and manner ofarticulation.

Thus, capturing laterality in tenns of feature-geometric representations is

problematic: if laterality is analyzed as a propeny of the p/oce of articulation (Le., a

dependent somewbere under the PLACE node), then we are unable 10 explain the fact

that its realization aIso depends upon a particular manner of articulation. The lateral

articulation is limited to the common approximant and the rarer lateral fricative; in

contrast, other places of articulation, sucb as dorsal, combine witb the full range of

possible manners ofarticulation (e.g., velar nasals, velar approximants, velar fricatives

and velar stops). On the other band, if laterality is analyzed as a propeny of the manner

of articulation (i.e., a dependeot under the SONORANT VOleE node), then why is it

restricted to a single place of articulation? We find, for example, coronal nasals, labial

nasals and velar nasals, yet laterals are invariably coronal.
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This parado~ it is sugg~ can he resolved by eliminating [lateral] as a

phonological feature altogether. Once we exclude [lateral] as the defining feature for

lateral segments7 a new type ofrepresentation is required. It is proposed that Iaterality is

a phonetic property of certain segments that derives from their particular feature

geometric representations and evidence fiom a variety of phonological processes is

shown to support the proposed unified representations for lateral approximants and

IaleraI fricatives.
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Approximants and Lateral Fricatives
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1.0 Introduction

The introduction of the theory ofsegmental representation known as Feature Geometry

bas advanced our understanding of segmental processes and provided ManY insights

into the internai structure of segments. Many revisions have been made to the original

Feature Geometry models ofClements (1985) and Sagey (1986). each one refining our

conception ofsome aspect of the segmental geometry. However. there are still aspects

of segmental representation which remain poorly understood. Perhaps the area on

which we find the most debate (and least agreement) is the representation of lateral

segments.

Models offeature geometry posit the feature (lateral] as a depeodent ofeither the

Root, Sonorant Voice or Coronal node. l'bere are several reasons. however. for

rejecting [lateral] as a phonological feature altogether. Empirically. the behavior of

sonorant laterals is somewhat mysterious; sometimes they behave as sonorants with

respect to ruIes that affect sonorancy. creating lateral segments where nasals otherwise

result, and sometimes they behave as coronals. in mies that affect place of articulation.

One of the challenges, thelly to models of feature geometry is 10 capture this dual nature

oflaterais.

In additiolly curreot claims made about the representation of lateral segments are

based on the behavior of the more common (and familiar) sonorant, or approximant,

lateral. In fact, no CUITent model of feature geometry addresses the representation of
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non-sonorant laterals. Unfortunately, by focusing on sonorant lateraIs and ignoring

non-sonorant laterals, we may he missing the essence of laterality. A definitive model

of feature geometry must represent bath sonorant and non-sonorant laIerai segments, if

we are to capture their inherent similarities. Therefore, it is imperative that in

determining the repœsentation of laterality we look al the phonological behavior of both

sonorant and non..sonorant lateraI segments.

The research presented here examines a wide range ofsegmental processes from

a variety of languages (sorne containing sonorant lateraIs, some containing non

sonorant laterals and sorne that possess both types of laterals). Using these data, 1

examine four models of lateraI representation that bave been proposed within the theory

of Feature Geometry, namely Levin (1988), Rice and Avery (199Ib), Piggott (1992,

1993) and Yip (1990), and show each to he inadequate. 1 then offer a unified account

for the representation of ail types of lateral segments. In paI1icular, 1 will suggest that

there is no phonological feature (lateral], rather that laterality is a phonetic property that

results from a particular phonological stnIeture.1

The remainder of the paPe[' wiU he organized in the following way: To hegin,

the behavior of lateraI segments in genera1 will he considered. l will then brieOy

describe four of the more prominent models of lateraI representation. In §1.1, 1 outline

my own proposaI, highlighting the ways in which it differs from previous models.

After reviewing some theoretical assumptions in §1.2, 1 will present the data that

support my proposai. Evidence from coronal barmony and nasal hannony are examined

in §1.3. This will he foUowed by a discussion of data from Navajo~ Nez Perce and

Welsh which shed additionallight on the representation oflateral segments. Section 1.4

demonstrates how the present proposai accounts for data used to support existing

models of lateral representation. In §1.5, 1 discuss some of the implications of my

1 The idea that [Iateral] is not a phonological feature is not new. To the best of my knowlcdge,
Spencer (1984) was the tirst to suggest that the fcature [laierai] should he eliminated from the univcrsal
feature inventory. However, his representation oflateral segments differs from mine. To begin, Spencer
was worldng in an SPE-style framework where segments arc defined by lists of features that bave no
hierarchical organization (although these representations could easily he translatcd into a feature
geometry model). According to Spencer, lalerals arc distinguished from OIher segments by the feature
[distributed); funhennorc, he does not address the representation of non-sonorant laterals Dor does he
discuss Jaterality as a phonetic feature. See Spencer (1984) for arguments to support his proposaI.
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proposaI for the representation and acquisition of closely related segments. Finally,

§1.6 concludes with a briefsummary ofthe main claims ofmy proposai.

J.0.1. Summary ofbehavior oflaIerais

Before examining the existing models of Iateral representatio~ [ would like to brietly

consider precisely what type of phonological behavior it is that a model must capture.

One aspect of laterality that a geometry must capture is the consistent place of

articulation associated with laterai segments. While phonetically velar lalerals do exist in

some languages (for example~ Melpa, Mid-Waghi and Kanite; Ladefoge~ Cochran &

Disner, 1977), Levin (1988) bas shown convincingly tbat ail laterals have a coronaI

place of articulation underlyingJy. Thus, the restriction to the corooal place of

articulation must he explained.

As mentioned brietly above~ laterality sometimes patterns with sonorancy. A

good example ofthis behavior is provided by Korean. As the data in (la--d) show, an

obstruent followed by a nasal acquires the nasality of the nasal while retaining its

original place ofarticulation. The data come from Rice & Avery (1991b: Il)

(1) a. lkukmul/ -.. [kurJmul] ~soup'

b. lkakmok/ -.. [karJmok] ~wood'

c. /nal!Qital -.. [namnita] ~to sprout'
d. lkathnil --. [kanntl ~to he the same'• e. /tikHliiV --. [tikiD.il] 'the letters t and l'

This process is best analyzed as leftward spreading of the Sonorant Voice node~ as

shown in the derivation for (la).2

(2) k m .... lJ m
R R R R

"-- "_ 1 "V
SV SV

1 1
nasal nasal

2 The S<>norant Voice (or SV) node is an organizing node posited in the geometry ta represent
sonorant properties. It has been argued for by Rice & Avery (1989) and as Spontaneous Voice by
Piggott (19929 1993).
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Interestingly, the sequence It V becomes [1 Il, as shown by example (le). Thus, the

process that spreads nasality in Korean a1so spreads laterality. A derivation for (le) is

given below.

(3) t 1 ~

R R
-"'--...,~ 1

sv

~

1 1
R R
"V
sv

~

•
These data suggest that Iaterality should he represented as a dependent of the SV node.

It is important to note, however, tbat this regressive lateral assimilation is restricted 10

coronal segments; if a non-coronal segment precedes the lateral~ no assimilation takes

place. Thus~ while laterality does behave as a manner feature in Korean (and many

other languages), it is usually restricted 10 the coronal place ofarticulation.

In other languages, laterality appears 10 bebave as a place of articulation. An

assimilation process from Catalan exemplifies this aspect of laterality. The data

illustrating Catalan's NIe ofregressive place assimilation appear in (4). These fonns are

taken from Vip (1990), originally from Mascar6 (1976).

(4) a. lson! 'theyare'
b. (sompocs] 'they are few'
c. (sOQ. grans] 'theyare big'• d. lsetl 'seveo"
e. (5e12 focs] 'seven tires'
f. (sek cases] 'seven houses'
g. [sel linies] 'seven lines"

Examples (4a-<:) show that an underlying alveolar nasal receives the place features of

the following consonant. Examples (4dH4t) demonstrate that an a1veolar obstruent also

takes on the place features of the adjacent segment. A derivation is provided to illustrate

example (4e) in which the Labial node spreads ta a coronal segmen~ which lacks place

features.
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(5) t f--
R R
1 1

PL PL
-,,··,_1

Labial

p f
R R
1 1

PL PL
'V
Labial

•

Note tha~ in this examplet the continuancy of the If! does not spread to an underlying

Itl., only its place features sp~ creating a Ip/. It is clear then that this particular nde

does not affect manner features. In ligbt of the Korean data, the~ it is somewhat

SUIprising that this process ofPlace assimilation also appears 10 create a lateral segment,

as in example (4g) above. 115 derivatio~ in which [laterai] is assumed 10 he a place

feature is provided in (6).

(6) t 1--
R R
1 1

PL PL
......-.. 1

....'"-

CoronaJ

1
laierai

1 1
R R
1 1

PL PL
'V

Corona!

1
lateraI

•
ThUS., there are data that suggest that laterality is a place., and not a manner., feature.

This makes capturing the behavior of laterals in tenns of phonological features a bit

tricky. What is sometimes overlooke~tho~ is the fact that Catalan also bas a nde of

sonorant assimilatio~ like Korean. These data appear below.

(7) a. lset mans! -- [sem mans]
b. lson liures! .... [son liures]

'seven bands"
'they are free"

So., for instance., the coronal obstruent in the fonn in (7a) not only takes on the place

features of the foUowing consonant., but also its sonorancy (in this case., nasality).,

resulting in the fonn [sem mans]. ThUS., the creation ofa lateral segment (e.g. example

(4g» may actually result from the spreading of sonorancy rather than place. This

hypothesis receives further support from the form in (Th). If [Iateral] is a Place feature.,

then the sequence ln Il should become Il Il, as a result of regressive Place assimilation.
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On the contrary, thou~ it remains ln 1/. However, if laterality spreads as the result of

spreading ofthe SV node (as in Korean), then the surface form thatwe find is what we

would expect; spreading of the SV node would require that the target segment he

unspecified for an SV node, but because nasaIs do contain an SV oode, spreading

cannot take place and the ln V sequence is retained. This anaIysis prediets that lateral

segments which are created by this rule of SV spreading should ooly he derived from

corona! obstrueots and, as far as 1 know, this is indeed the case. Thus, even if laterality

is correctly regarded as a manner feature, the theory must explain why this manner

feature is limited to the coronal place ofarticulation.

1.0.2. Existing Mode/s

Now that we have examined the variable phooologjcal nature of lateral segments, 1

would like to briefly describe four cuneot feature geometry models, namely Levin

(1988), Piggott (1992), Rice & Avery (l991b) and Vip (1990). For the purposes of

this discussion, 1 will focus only on those asPeCts of the models that pertain to the

representation of lateraI segments. The first model that 1 will describe is espoused by

Levin (1988) and is, arguably, the most widely accepted. The defining aspect of her

model is that it posits the feature (lateral] as a direct dePeDdent of the Coronal node,

linking laterality directly with coronality. In this way, the mode1 captures the

observation that lateral segments always have a coronal place of articulation,

underlyingly at least. Her madel is shown in (8a) and the representation of a sooorant

lateral is shown in (8b).

(8) a. ROOf

/com1~~
LARYNGEAL nasal cont

/1'"
voice CG SG

PlACE

~/ "'~Labial Corona! Dorsal PharyngeaJ

~ atl\m hi1\ ~
latcral back

- 24-

b. III (sonorant)
ROOf

[cons/son]
1

PlACE

1
Coronal

1
tareraI



While the representation of non-sonorant latera1 segments are not discussed in Levin's

(1988) wor~ presumably they too contain the feature (lateral] as a dependent of the

Coronal node; the oo1y difference between sonorant and non-sonorant lateraIs, the~

would he in their respective specifications for manner features.

The next feature geometry model is advanced by Rice &, Avery (1991 b). This

model incorporates a Sonorant Voice (or SV) node. Rice &, Avery consider [lateraI] to

he a manner feature, which is a dependent of this SV oode. The Rice &, Avery model is

illustrated in (9), along with their representation of !JI. Note that default phonetic

features are given in parentheses.

• (9) a. ROOf

~~
LARYNGEAL coot
/1""-

voice CG SG
SUPERLARYNGEAL
~~

PlACE1 SONORANTVOICE/'" ~
p/~ (Coronal) talerai (nasal)

Labial Dorsal

~ hi/I""-10
back

b. III (sonorant)
ROOf
~

SV PLACE
1

Iateral

•
According to this model, laterai segments are not specified for Place features. Lateral

segments (in faet, aIl segments which are specified for features under the SV node) are

limited to a bare Place node by a principle called the Structure Complexity Constraint

(for more on the sec, see Rice &, Avery, 1991a). The coronality of laterals results

from a default rule (assumed by many theories ofunderspecification) that realizes a bare

Place node as a phoneticaIly coronal segmenL The dependency ofthe feature [lateraI] 00

the SV node is one of the strengths of the Rice & Avery model, capturing the

connection between sonorancy and laterality. At the same tinte, though, it is also one of

its weaknesses, for it limits (in principle) latera1ity to sonorancy, making it impossible

to represent non-sonorant lateraI segments with the feature (lateral]. At present, they

have no proposai for the representation of fricative laterals.
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The third model that will he examined is advanced by Vip (1990). Her model

incorporates insights of both the Levin model and the Riee & Avery model. Vip

suggests that the feature [lateral] is simultaneously dependent on both the Coronal node

AND the SV node~ thereby capturing the observation that the spreading of the feature

[Iateral] may require a target that is both coronal and sonoraot. The relevant aspects of

Yip~s model are illustrated below.

•
(10) a. R~

[cons/sonl
~ \ ~

LARYNGEAL \ SPONTANEOUS VOlCE

~~ PLACE "
voice CG SG ~~ [nasal]

Labial Dorsal Corona!

~
[1ateraI]

b. III (sonorant)
ROOf

[cons/son]
A

PLACE sv
1

Coronal

~
(IateraI]

•

According to this model., the feature [Iateral] is solely a dependent of the SV node

underlyingly, but will he linked to the Caronal node as soon as the CoronaI node is

introduced by the default rules) Although this model does posit [Iateral] as a

phonological feature, il is similar in spirit 10 the model to he elaborated helow as it

requires a segment to he specified both for particular manner features and place features

in order to he realized as a lateral segment.

The final model that l will consider is proposed by Piggott (1992, 1993). Like

Rice & Avery~ Piggott incorporates anode to represent sonorancy., which he calIs the

Spontaneous Voice node. In contrast to the other models, Piggott maintains that

laterality is not a phonological feature, but rather a phonetic property derivable from the

combination of specifie phonological features. In particuIar, he proposes that sonorant

3 Vip is not specifie as to exactly when, or even how, this linking is to take place. However, it is
clear from the phonological behavior of laterals, that this linking must take place in the phonologieal
component (as opposed to the phonetie eomponent). Thus, the type of default mies that introduce the
Coronal node under Yip's proposai cannot be the type of default roles discussed by Rice & Avery
(1991 b). which are only phonetie implementation rules.
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lateral segments contain a Coronal node and the feature [approximant] (Piggott 1993).4

His model and representatïon ofsonorant laterals are given in (11)S

(11) a. ROOT

______ [cons]~

SOFT PAlATE //"'"------- coot

1 SV "'"nasal ~ PlACE
nasal approx ~ 1 ~

Labial CoronaJ Dorsal

1 ~ /1"'-
Id mt dist hi back 10

b. III (sonorant)
ROOf
[cons]
~

SV PLACE
1 1

approx CaronaJ

•

•

Unfortunately, Piggott does not propose a representation for non-sonorant lateraI

segments.

Each of these models attempts to capture the behavior of lateral segments across

languages and each does find some empirical suppon. The problem, thou~ is that no

single model cao account for the enti.re range of cross-linguistic data- A model like

Piggott's, for example, captures the interaction of laterality and sonorancy in

phonological operations but does Dot correctly account for the behavior of laterals with

respect to processes that affect place of articulation; a modellike Levin's, on the other

hand, captures (sorne of) the behavior oflaterals with respect to Place assimilation, but

cannot account for the behavior of lateraIs in processes that affect sonorancy.

Moreover, none of these models currently bas a means of representing non-sonorant

laterals.

4 The feature [approximant] was first introduœd by Ladefoged (1982) and integrated iota Feature
Geometry Theory by Clements (1988a). [t is use« ta represcnt those sounds which are characterized by
close proximity~but not contact, of the articuJators. Approximant sounds therefore include the liquids
and the semi-vowels.

S Piggott~s model assumes the variability of the feature [nasal]. Th~ [nasal] cao be a dependent
of either the Soft Palate Node or the Spontaneous Voice Nod~ depending on whether the particular
language selects the Soft Patate as an active articulator. For arguments and data supporting this aspect
of his model~ sec Piggott (1992, 1993). Although this aspect of bis model docs Dot play a role in the
representation of lateral segments, it will be a factor wben we examine data from nasal hannonies.
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1.1 A Unified Model

The structures that 1 propose to represent lateral approximants and Iateral fricatives are

given in (12), (a) and (h) respectively.6 The Air Flow (AF) node incorporated into the

representation ofthe lateraI fricative is an Organizing node, adopted from Rice & Avery

(1991b) and Rice (1992), that marks stricture, distinguishing stops and continuants.

•

(12) a. IV (sooorant)
ROOT
~

SPONfANEOUS VOICE PlJ\CE

1
approximant

b. ft! (non-sanorant)
ROOT
~

AIR FLOW PLACE

1
continuant

•

These representations incorporate many of the insights of the existing models just

reviewed. In particular, 1 follow Rice & Avery in positing that lateral segments are not

universally specified for Place features, although 1 do oot incorporate any constraint

comparable 10 their sec. The idea tbat laterality results from a combina/ion of features

reflects both Yip's and Piggott's model. However, in contrast to Vip, 1 do oot

incorporate the feature [lateral] ioto my representations and, in contrast to Piggott, 1 do

not believe that the Coronal Dode plays a crucial roIe in the realization ofa lateraI.

One of the strengths of this proposai is that it unifies the representations of

sonorant and non-sanorant lateraIs.' Until now, the internal structure of non-sonorant

6 The representation of lareraI affrieates will not be addressed in this paper. Clearly. thougb. an
adequate theory must have a means of distinguishing them from the lateral fricatives and other coronal
stops. It is clear trom my proposai that lateral affiicates must be distinguished from lateral fricatives
and other coronal stops by some means other than Place features. The uncenain nature of the
representation of lateral affiieates reflects the relatively uncertain representarion of afliicates in generaI.
One possible means ofreprescnting laierai affiieates is as contour segments with a stop phase followed
by a continuant phase. This type of representation would be sufficient to distinguish these affiicates
from bath lateraI fricatives and corona! stops. without resorting to specifications for Place featu.res.
Steriade (1993) providcs a slighdy different way of representing affiicates, which captures the
similarities between stops and aftTicates (sec: fooUiOle 7 for a brief description of this proposai). Brown
(in preparation) investigates whether Stcriade·s recent proposai can account for the behavior of 1atera1
affiieates.

7 An anonymous reviewer has pointed out that in order for the proposed representations in (12) to
be truly unifie~ the Spontaneous Voice (SV) and Air Flow (AF) nodes must be unified. White there is
reason to believe Ihat the fealUres [approximant] and [continuant] might be represented by a single
feature (to be discussed directly below). there is no comparable motivation within standard Feature
Geometry theory for collapsing the SV and Af nodes. However. a recent proposai by Steriade (1993)
makes it possible to further unify the representations in (12). Steriade proposes that the distinction
between continuants (e.g. fricatives, approximants) and non-<:ontinuants (e.g. stops, affricates) is
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lateraIs bas been largely ignored The representations in (12) retlect the helief that

laterality is a uniform propertyy resulting from the specification for either [approximant]

(in the case of sonorants) or [continuant] (in the case ofobstruents) and a bare Place

node. The lateral fricative~ ofcoursey he specified for [voice] to obtain the contrast

between voiced and voiceless lateral fricatives. The two representations are homologous

in that the features [approximant] and [continuant] can he said to he funetiooally

equivalent. This means that the presence of either one of tbese features in a

representation signais the outward f10w ofair through the oral cavity. As Piggon points

out (1993), within the class ofsonorants, the feature [approximant] distinguishes stops

(i.e. nasals) from non-stops (i.e. liquids and semi-vowels) in the same way that the

featw'e [continuant] distinguishes stops from fricatives among obstruents. Future

research must determine whether these properties are best represented by a single

feature. The representations 1am proposing are also identical with respect ta their Place

features - both are undersPeCified.8

structural, not featural. Very briefly, non-continuants are comprised of two articulatory phases (c1osure
+ release), represented as two aperture nodes. whereas continuants CORtain a single articulatory phase
(release), represented with a single aperture Dode. Thus, fricatives and approximants, on the one hand.
and stops on the other have the following representations:

Aperture nodes (or A-positions) correspond roughly to feature-geometric Root nodes; phonological
features are associated to either or bath A-positions. The subscripted diacritics indieate the type of
release, that is~ the amount ofsttieture: Ao=total absence oforal airflow, Amax=maximaJ oral aperture,
Ar=degree of oral aperture ta produce a turbulent airstream; the type of release is not relevant for the
gross distinction between continuants and non-continuants (sec Steriade, 1993 for details of this
proposaI). An appealing aspect of this proposai is that it provides a naturaJ means of caplUring the
inherent similarities between approximants and fricatives: approximants and fricatives, but not stops
and affiicates, conrain a single A-position in their representation. This proposai would, thus~ allow us
ta uDify the representations of lateraJ approximants and lateral fricatives even more c10sely than is
possible with the standard feature-geometric representation in (12).

8 There is an ioteresting consequence ofmaintaining that laterals contain a bare Place node, rather
than a Coronal node (uDless required independently by contrasts in an inventory). While coronaJ is
usually assumed to be the unmarked place ofaniculatio~then: is evidence that velar segments May he
underspecified in some languages (e.g. Trigo, 1988; Rice, 1992). If a hale Place node may sometimes
he reaJized as a coronal and sometimes as a velar, my proposed representations aJlow for the possibility
that a lateral segment may be realized with either a coronal or a velar place of articulation. Ladefoged et
al. (1977) reports velar laterals in Melpa. Kanite and Mid-WaghL It would be interesting to investigate
whether those languages that have been argued ta have underspc:cified velar nasaJs also bave velar
lateraIs. Models that assume laterality to be a dependent ofthe Corona! node would have a difficult time
accounting for these phonetica1ly velar laterals.

•
CQnrioUiOts

(approximants) (fricatives)

Amax Ar

non-eootjnuants
(stops) (aftiieates)

AoAmax AoAf
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Many Australian languages, which cao have as many as four laterals, each with

a different coronai place of articulation (e.g. dental, retrofIe~ etc.) would seem to

challenge the claim that laterals usually lack Place features.1n many cases, thesevarious

sonorant laterals do not actually contrast phonemicalIy, but there are sorne languages in

which they do. Because laterality is now relegated ta the phonetic component, there is

room for cross-linguistic variation dependent on individual inventories. That is, it may

he that lateraI segments in Australian languages (or any language that contrasts laterals

within the coronal place of articulation) must be specified for a Coronal node and

secondary features. As long as these lateraI segments need not he distinguished from

any other phonemes in terms ofPlace features alone (see §6 for more on this), there is

no problem with laleraI segments being specified for Place features. Quite clearly,

though, as the evidence below will demonstrate, Coronal nodes are not universally

required for the realization ofa lateral segment; this is reflected in the representations in

(12). This position on lateraIs is similar to what is assumed for most (if not ail) other

caronal segments: coronals are underspecified for Place features, unless required by

contrasts present in an individual inventory; the phonetic realization of a coronal

segment with a corona! place ofarticulation (e.g. ft/) is not dependeot 00 the presence of

a CoronaI node in the segment's pbonological representation.

Perbaps the most controversial aspect ofmy proposai is the claim that [lateral] is

not a phonological feature.9 Apart from the empirical evidence that 1 will discuss

throughout the paper, there is substantial theoretical motivation for this claim. In an

effort to constrain the proliferation of organizing (or class) oodes in the feature

geometry, McCarthy (1988) proposes criteria for determining whether a particular node

is a valid element of the universal feature geometry. According to McCarthy, each

posited organizing node must meet one of the following criteria.

9 What 1am suggesting for lateraJity is what is often assumed for rhotic segments. That is, mat
there is no phonological feature [motie], yet phonologists refer to the class of r-sounds. The property of
being a rhotie segment presumably resuIts ftom the specification for particular manner and place
features. It wouId seern implausibIe to posit a feanue [motic], aJthough these r-sounds clearly have
something in common - in their acoustics and/or articulation. See Lindau (1985) for an interesting
discussion of the various rhoties and the relationships them.
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(13) An organizing node must either he
(i) the FOCUS ofan operation

(Le. in the case ofspreading,. what is being spread)
(n) the TARGET ofan operation

(i.e. the landing site for the spreading element)
(ili) TRANSPARENT for an operation (i.e. not affected)
(iv) OPAQUE for an operation (i.e. block il)

Any organizing node that does nol meet one of these criteria cannot he considered a

legitimate node in the geometry.

The proliferation of individual features in the geometry must also he

constrained. Therefore~ 1 believe that individual features should aIso he subject 10 the

criteria in (13). What this means is that each feature must he referred ta in the

formulation ofsorne phonological process,. either as the focus or target ofthe operation,.

or the defining feature ofa segment that is transparent or opaque to the operation. This

idea is not new; similar arguments have been used ta eliminate bivalent values of certain

features,. for example [-voice] (Mester & Itô,. 1989). 1 would like to suggest that

[IateraI] fails to meet these criteria To the best of my knowledge,. there is no

phonological process that makes unique reference to the feature [lateral].lo This is not

to say that lateral segments do oot participate in phonological processes; 1 am simply

suggesting that the involvemeot of lateral segments can he characterized in terms of

sorne other phonological feature. In other words,. when a lateraI participates in a process

it is by virtue of its memhership in some natural class (Le. because il is an approximant,.

or a sonorant or a coronaI) not because of their status as a Iarera/ segment. ThUS,. apart

10 Steriade (1987) discusses a rule of Latin liquid dissimilation,. which takes IWo sonorant larerals
in a string and changes one of the laterals into an Ir/. Sa, for example. Isol-a1is1 becomes [sol-aris].
According to Steriade, this dissimilation fails only when the stem III is separated trom the suffix III by
an intervening Irl, as in /litor-alls!. She analyzes this process as delinking of the feature [+lateraJ],
except when blocked by an Irl specified for the feature [-Iateral] (note that Steriade allows for bivalent
features). This rule ofLatin liquid dissimilation does pose a problem for the analysis proposed here and,
in fact, for any model which considers [Iateral] to be a monovalent features. Steriade has anaIyzed this
process in tenns ofthe feature [lateral] but it is entirely possible that it could be reanalyzed in tenns of
the feature [approximant], thereby preserving my claim that no phonological feature makes unique
refercnce to the feature [lateral]. At this point, [ do not have a good alternative analysis of these Latin
faets. Let me note in passing that the reverse takes place in Georgian (i.e. a sequence of IWo Irrs are
dissimilated) (Fallon, 1993). For example, /gmiri-uril becomes [gmiri-ull]. This process receives an
elegant account under my proposai: IWo adjacent Corona! nodes (ofthe Irl) create an OCP violation and
one is delinke<L resulting in an approximant with no Place specification (i.e. a lateral).
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from the empirical evidence that we will review below~ there is a strong theoretical

argument for rejecting [lateraI] as a phonological feature.

Now~ if there is no feature [IateraI]~ how is laterality to he represented?

Empirical1y, it seems that lateral segments require particular specifications for manner

and Place features. As we saw in Ko~ the spreading of the SV node only creates a

lateraI segment when the target is coronal. Th~ in this way, laterality is different from

oilier manner features, such as nasality or continuancy, which are not limited to a

particuIar place of articulation. Maintaining that laterality is a phonetic property

automatically explains why they are invariably coronal, or unspecified. No SPeCial

constraint, articulatory or otherwise, is needed to ensure that lateral segments bave the

unmarked place or articulation - if a segment is specified for any Place features (other

than Coronal~ perbaps), it is simply not realized as a lateral. I 1

1.2 Theoretical AssumptioDs

Before we can review the relevant empirical data, the theoretical assumptions that are

crucial to my analyses must he outlined. This section elaborates the assumptions that 1

make regarding feature values as weil as the two segmental operations that 1 will

assume in the following discussion.

1.2.1 Monovalency

An important aspect of the theory of segmental representation assumed here concems

the values for which individual features may he specified. Traditionally, features have

been assumed to he bivalent, each baving a (+) value and a (-) value (Chomsky &

Halle, 1968). It bas been observe~ however~ that the (-) values of particular features

are oever manipulated by phooological processes. Thus, with the emergence of the

liA complete theory of the resnsentarion and realization of Iaterality will~ of course~ include a
theory of phonetic implementation. One ofthe questions that must be answered is which aspect(s) the
phonological structure 1 am proposing cause the realization of that structure to he a lateral. ln other
words~ what is it about the features [approximant] and [continuant] combined with a bare Place node
that produces a laterally released sound? At this time~ 1 can only speculate; additional research is
required.
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autosegmental framework (and subsequently, Feature Geometry), it was proposed that

not aIl features were bivalent (see Steriade, 1987 on [round] and Mester& Itô, 1989 on

[voicen. There is additional empirical and theoretical evidence that suggests that all

features are monovalent (Anderson &. Ewen, 1987; van der Hulst, 1989).

l assume, as do a growing number of phonologists, that features do not have

(+) or (-) values. Rather, it is the Mere presence ofa feature in the representation of a

segment that designates the active involvement ofthat articulator (or acoustic feature) in

the production of the segment; likewise, the ahsence of a feature entails that the

articulator is not active for a given segment. l'here are strong theoretical arguments to

support the bypothesis that all features are monovalent. From the viewpoint of

parsimony a1one, a system in which cil features have the same number of possible

values is to he preferred - whether that is one or two values. It bas been shown

convincingly, however, that certain features have only one value. Hence, keeping

parsimony considerations in mind, the null hypothesis is that ail features have only one

value.

1.2.2. Underspecification

A closely related aspect of one's theory is the degree to which segments are specified

(or underspecified). Three versions of underspecification have been advanced in recent

years (e.g. Archangeli, 1984, 1988; Avery &. Rice, 1989; Pulleybl~ 1986; Steriade,

1987). In this paper l adopt Avery & Rice's theory of underspecification, which cao he

labeled Minimally Contrastive Underspecification .

Minimally Contrastive Underspecifieation is inventory driven; that is, which

features a segment is specified for depends enlire/y on what it contrasts with in the

particular inventory. Segments are orJy specified for those features which are necessary

ta distinguish them from other phonemes in the language. According to Avery & Rice,

a theory of universal markedness (UMT) is part of Universal Grammar. This UMT

provides information as to which f~tures are (universally) present and/or absent in

underlying representations. Many linguists believe that the coronal place of articulation
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is the universally unmarked place of articulation (e.g., K~ 1975; Paradis & Prunet,

1989; papers in Paradis & Prunet, 1991). In terms of underspecification theory, this

means that coronal segments do not contain the CoronaI node in their underlying

representatio~rather they receive it through the application of default rules. t 2 There

is, however, one circumstance in which coronal segments MaY he specified with the

CaronaI, namely when a language makes a phonemic conttast within the class of

corenal segments. For example, in English, the segments Isi and /SI are both coronaI,

yet they differ with respect to their coronality; in particular, /SI is further specified for

the feature [+distributed].I 3 Under Minimally Contrastive Underspecificatio~ ~if a

secondary content node is the sole distinguishing feature between two segments (here

[distributed]), then the primary feature (here Coronal) must he present in underlying

representation" (Avery & Rice 1989:183). Thus, the representations of both IsI and /SI

will contain a Coronal Dode, but ooly the /SI must he funher specified with the feature

[distributed], as shown below.

With these assumptions regarding feature specification outlined, 1 tum now ta a

discussion of the phonological operations that 1 will utilize.

•

(14) IsI
ROOf

!
Place

1

Coronal

/SI
ROOf

1

Place
1

Coronal
1

distributed

/.2.3. PhonologicaJ Operations

Given the current sbift in phonological theory away from mies toward representations,

the conception and fonnulation ofphonological operations (e.g. Spreading, Fusion) are

12 1will not address the issue ofwhen these default rules apply. For arguments that these default
rules apply only al the lever ofphonetic implementation~sec Rice& Avery (1989. 1991b).

t 3 Il is not crucial herc which precise coronal-dependenl feature is posited tG distinguish /sI and
/s/.
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becoming an increasingly integral component ofone's theory. The theory of Spreading

that l will adopt can be thought of as a "feature fillingn operation, similar to versions

espoused by Piggott (1992, 1993) and Rice & Avery (1991b). It is schematized in

(15), where A, 8 and C are organizing nodes of the same type (e.g. Place nodes), a

represents content nodes ofthe same type (e.g. Labial) and F is some secondary feature

(e.g. [round]).14

(15) ABC

i:::Y
According to this formulation ofSpreading, a feature may only spread to a segment not

specified for that feature; encountering a segment that is already specified for that

particular feature will acrest the operation. Importantly, Spreading does not trigger

delinking. In addition, a feature May ooly spread to a segment ifthat segment contains a

suitable docking site for the feature. In other words, the target segment must contain the

superordinate node of which the spreading feature is a dependent. This theory of

Spreading crucially does not allow any type of node generation (cf: Archangeli, 1984,

1988; Pulleybl~ 1986). Segments not containing the appropriate superordinate node

will not he ~'visible" on the given ber. Those segments \\ill, therefore, he transparent to

the Spreading operation; they will neither he affected by the operation nor arrest the

operation. Thus, cases of assunilation provide good evidence for the representation of

segments; by the behavior ofa segment in these processes, we can infer the presence or

absence ofparticular features in that segment's internai structure.

Given the theory of monovalent features outlined above, it is clear why the

operation ofSpreading can only he "feature-filling." If there are no longer (+) and (-)

values of a given feature on a ber, there will never be two different features (Le. values

14 Primary content nodes can~ ofcourse, aJso spread. Whether or not organizing nodes cao spread
is not as clear. In any case, according to the theory of Spreacfing that 1 am elaborating here~ an
organizing node such as the Place node could only spread to a segment not specificd for a Place node al

ail Ce.g. glottal stop).
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offeatw'es) on the same tier. Assuming that a feature can ooly spread on its particular

lier, then that feature will never encounter a feature that it could potentially change. Yet

sometimes it appears that a segment may gain a different secondary feature in the

process ofassimilating to an adjacent segment that contains that particular feature. For

example, we will see in the coronal harmony data below, that an anterior fricative may

lose its anteriority and gain the feature [disbibuted] to match the place of articulation of

a distributed sound in the string. Thus, it is clear that we need an operation that

""changes" features. This ""fearure changingn spreading DOW faIls under the rubric of

Fusion. 15 This operation reduces a sequence ofadjacent elements to just one. It may,

in fac~ effect a feature change of one of the elements. This operation is represented in

(16); FI and F2 represent different features (e.g., [anterior] and [distributed]).

(16) A
1
a
1

FI

•

Fusion is driven by the Obligatory Contour Principle (OCP), a well-established

phonological principle. The separation of "~eature-filling" and "~eature-changing'~

operations is one of the ways in which phonological theory bas shifted its focus from

stipulative rules to phoDological representations. The environment in which each of

these operations can he executed is far more restrictive, making them more principled. 16

1S Not ail linguists agree that Spreading cao only "till" a feature. Some linguists, in particular
those that maintain that features are bivalent (e.g. Steriade~ 1987), still consider a "feature-dtanging"
operation to be Spreading, radter than Fusion. One of the reasons for rejecting the "feature-c:hanging"
type ofSpreading is that it is far too powerful; if spreading cao occur between two segments that are
already specified for featun:s on a given tier, then we allow for the possibility that th is type of
spreading will occur quite wildly. This type of spreading does no~ however, occur in languages.
~Feature-filling" spreading. in conjunction with the theory of underspecifieation assumed here, makes
specifie predictions as to which types ofphonological processes will and will not occur. Moreover, this
theory ensures that phonologicaJ processes oc:cur as the result of representatioos9 rather than stipulated
rules.

16 At first glance, Fusion appears to be as (if not more) powerful as the type of "feature
changing" Spreading that 1 just rejeeted. Fusion must. therefore, be constrained somehow. Here, 1
would 1ike to draw upon a distinction between organizing nodes and content nodes proposed by Ricc &
Avery (1991 b). They suggest that these two types of nodes are ditTerent in nature. One of the ways in
which they differ is that organizing nodes are inherent to each segment and are specified individually for
each segment (i.e. they may not be shared by segments); content nodes, on the omer hand, may be
share~ as the result ofSpreading or Fusion. 1would lite to extend this distinction betwecn organizing
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Superficially~ however~ Fusion and Spreading look quite similar. Both are

"directional'~; whereas Spreading is leftward or rightwar~Fusion may he left-headed or

right-headed. The headedness ofthe Fusion operation determines which dependents of

the node being fused will he retained. If the operation is left-headed, the dependents of

the left MOst segment undergoing Fusion will he retained, supplanting the dependent

features of the other segmentes) heing fused. ln addition, Fusion, like Spreadingt

requires locality: the two nodes heing fused must he adjacent on the relevant tier. Thus,

segmental processes that result from Fusion aIso provide good evidence for the

representation ofsegments. With this theoretical background laid out, we can move on

to examine the behavior of lateral segments in severa! different phonological processes.

1.3 Evidence For Unified Model

One type ofsegmental phenomenon that bas been taken as evidence for the position of

features in the geometry is harmony systems. Current autosegmental phonology

analyzes harmony systems as cases ofSpreading or Fusio~on a given tier. Therefore,

harmony systems are actually cases of assimilation; the segments being affected are

adjacent on the specified tier. ln this section, 1 examine data from caronal hannony

systems and nasal harmony systems, paying particular attention to the behavior of

lateral segments.

1.3.1. Coronal Harmony

The first case 1 will outline is Tahltan Coronal Harmony. Tahltan is an Athapaskan

language spoken in British Columbia. In this harmony, sibilants agree in anteriority

nodes and content nodes and suggest that organizing nodes do not panicipate in phonological operations
while content nodes do. Drawing this distinction between these IWO types of nodes is a necessary step
in order to consttain the Fusion operation. In panicular, without this restriction to organizing nodes,
the theory of Fusion outlined above allows for the Fusion ofadjacent Place nodes (driven by the OCP),
yet across-the-board Fusion of Place nocles whcreby ail of the segments of a string have the same place
ofarticulation simply does not occur. An adequate theory will generate the attested possibilities as weil
as explain why other processes do not occur in languages. Restrieting phonological operations to
content nodes obtains the correct results. Riec &. Avery assume a similar distinction; although, while
they restriet operations sueh as Spreading and Fusion to content nodes, they ineorporate an operation
known as Copying which applies only to organizing nodes. The more restrictive theory constrains the
application of0// phonological operations to content nodes.
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with the rightmost sibilant in the word. The data presented in this section come from

Shaw (1991) who first used the Tahltan coronal harmony ta argue against [Iateral] as a

dependent of the Coronal node. Tahltan bas a rich inventory of consonantal phonemes,

including five contrastive series ofcoronals, as shown in (17).

(17) b d dl dl dz dl g gW G
t tl te ts d k kW q
t' d' te' ts' d' k' kw' q' fi

t 8 5 i x Xw X h
1 1 z z 1 1w

m n y w
n'

The hannony system involves the three coronal series demarcated by the verticallines

above, (i.e. d3 , dz and œ). It is worth mentioning that the lateraI segments in Tahltan

are fricative, not sonorant. This will become signfficant in the discussion below. Note

also that this inventory contains lateral affiicates in addition 10 plain coronal affricates.

Tahltan's coronal hannony bas the following basic characteristics: 1) the

harmony is directional, spreading from right to left, 2) the triggers and targets of the

process include members of the d3, dz and œ series and 3) only the place of

articulation, not the manner, spreads. This system is illustrated in the folloWÎng

examples. As shown in (18~), the first person singular subject marker, IsI.. surfaces

as [9] iffollowed by any member of the d3 series, as [S] iffollowed by any member of

the d2 series, and as [s] elsewhere.

(18) a. 18Es.3Et! .... [Odl8Et] ~I'm hot'
IEsdu:OI .... [dldu:9] ~1whipped him"
!nas.t8 ' Et! .... [naD.t9'Et] ~1 feU off(borse),

b. Ihudis.tial .... [hudii1ia] '1 love them'
Iqœlnil .... [eidZlni] 'l'm singing'
It EDES.tSU:S/ ..... [t EnES.1Su:s] 'l'm folding it'

c. /ESdan/ .... (ESdan] ~I'm drinking'
InadEdE:Sba:tt/.... [nadEdE:Sba:tt] '1 huog myself'
ISESXEtl .... [SES,XEt] ~I'm going to kill it'
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In (19), the first person dual subject prefix /8i(d)1 surfaces as [5] or Cs] in the

appropriate context.

(19) a. IB.i:tOœdi! -- Uli:tOœdi] 'we ate it'
IdEB.igItt1 -- [dE!!igltt ] 'we threw it'
lnaB.iba:tt1 -- [na!!iba:tt ] 'we hung it'

b. IdE!!it'us! -- [dtsit'us] 'we are walking'
lni!!it'a:tsI -- [oisifa:ts] 'we got up'
IdE!!idul/ -- [dESidzd] 'we shouted'

c. lif!itSott1 -- [iiitSott] 'we blew it op'
ltudtntflidZu:t1.... [ŒtdmEiidZu:t] 'we chased it away'
luB,iœEf .... [uiiœE) .. we are called'

The first form in example (19b) illustrates that when another coronal fricative is present

/91 [oses its anteriority, thereby becoming an Isl. The coronal affiicate a1so triggers this

harmony as shown by the last two forms in examples (19b) and (19c).

However, not ail coronal segments trigger this hannony. For example, in the

first form in (19a), the coronal Id! does not participate - not because it is not a sibilant,

but because it is not specified for a Coronal node. As the inventory in (17) indicates, the

group ofcoronal stops, lateral fricatives and lateral affiicates do not contrast with each

other within the coronal place of articulation. Therefore, they need not he specified for

any Place features. The fricatives IsI and Iz/, on the other band, do contrast with the

alveo-palatal fricatives. This is tnJe of the affricates Its/ and Idz/ as weil. Thus, in

accordance with Rice & Avery's Node Activation Condition (see §3.2), this contrast

forces the presence ofa Coronal node in each ofthese segments' representations.

This harmony, the~ cao he analyzed as right..headed Fusion of the CoronaI

nodes. 17 Fusing the Coronal node, rather than its dependents, is preferable since in

sorne cases [anterior] is retained, sometimes [distributed] and, in some cases, a bare

17 Operating on the Coronal node, itself. rather than its dependents accounts nicely for the fàct
that [anterior] or [distributed] may be transmitted to the relevant adjacent segments. However, one
might argue that this Coronal hannony results ftom the spreoding of the Coronal node., rather than the
fusion of Coronal nodes. In cenain cases (e.g. (18a», Spreading would achieve the correct results.
Nevertheless, 1believe that therc are very good reasons for maintaining that this Coronal hannony truly
results from Fusion. In particular, spreading the Coronal Node violates the theory of Spreading that [
outlined above. (e.g. it would be 'feature-ehanging' in that segments already specified for a Coronal
node would be targeted). Also, it would require the additional operation ofdelinking to account for cases
5uch as (19b) wherc an anterior fricative (8) becomes a plain coronal (s).
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Coronal node (i.e. no dependents) is retained. Fusing the Coronal node al10ws one to

unify all of these processes under one operation. Example (20) shows a derivation of a

form from (19b). The internaI representation will be given ooly for the relevant

segments; because manner features do not spready only the Place node will he

elaborated.

(20) d E e 1 dz E 1 ~ d E S dz E

R R R R R R R R
1 1 1 1 1 1 1 1

PL PL PL PL PL PL PL PL
1 1 ~

Coronai Corona! Coronai
1

anterior•
The two adjacent Coronal nodes are fused; because the operation is righthead~ the

features ofthe rightmost segment are retained - in this instance, a bare Coronal node.

The striking aspect of this hannony is that bath lateml fricatives and lateral.

affricates are completely transparent to the harmony: they do not trigger i~ as shown by

the forms in example (21 a)~ and they neither undergo nor block the bannonyy as shown

by the examples in (21 b).

(21) a. InE~tEt/ -. [OES.tEt] 'l'm sIeepy~

ISES.XEt1 -. [SES.XEt] 'rm going to kill ity

/nadEdE:s.ba:1t1 -. [nadEdE:S.ba:tt ] '1 hung myself'• loaD.iba:tt1 -. [nafliba:tt ] 'we hung if
li6.itSott1 -. [iiitSott) 'we blew it upy

b. Ino?EdE:s.tErlZiI-. [no?EdE~tEdZi) 'we melted it over and overY

~tt'EtS/ -. [YaS-tt'œ] '( splashed if

The derivation below shows that the transParency of these lateml segments is captured

nicely if we assmne that they lack Place features. l 8

18 If plain coronals~ lateral fricatives and lateral affricates lack Place features as these Tahltan data
suggesr, tben they must be distinguished from each other by some other means. As mentioned in
footnote 7~ with Sleriade's (1993) pro~ fricatives cao be distinguished from stops and afliieates by
virtue oftheir single articulatory phase (Le. lack of c1osure; Ar(frieative) vs. AoAmax (stop) or AoAr
(affiieate». Coronal stops can also be distinguished from laIeraI affiicates using these representatio~

by virtue of their respective type ofrelease: stops have an "approximant" release, while affiieates have a
'&frieative" release. Thus It! and /ttl would have the following representations:
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(22) n o ? E d E: s t E œ i ...... n o ? E d E: S t E dZ
R R R R R R R R R R
1 1 1 1 1 1 1 1 1 1

PL PL PL Pl PL PL PL PL PL PL
1 1 ~

Coronal Coronal Corona!
1 1

dist dist

Iflateral segments are indeed unspecified under the Place node (an~ therefore,

transparent), we might expect other segments which are typically represented with a

bare Place node, such as It! and ln!, 10 also he transparent ta this Tahltan harmony. The

forms in (23) demonstrate that this is, in fact, what we find.

• (23) IEdEdE~du:81 -. [EdEdEfl.du:8] '1 whipped myself
ltas.t6atl ...... [taD.t9at] 'l'm dying'
Ixa?E~t'ael -. [xa?ED.t'a9] 'l'm cutting my haïr air
IdeD.it'ta si -. [dE~it'tas] 'we are walking'
lni6.it'a:tsl -. [ni~it'a:ts] 'we got up'
/mE?d!it'otSl -. [mE?Eâit'oti] 'we are breast-feeding'

•

We can see here that It! and ln! are not affected by the Fusion operatio~and that ItJ does

not black iL Given that lateral segments pattern in this coronal harmony with segments

which are widely assumed to lack Place features, it is clear that the lateral segments also

Iack Place features. 19

Before we set these Tahltan corona! hannony data aside, recall that the lateral

segments in this language are non-sonorant fricative laterals. In this light, these data are

lu I~I

'\ojAmax 'V1f

Place Place

The Itl bas a coronal c10sure (underspecified) followcd by an approximant (or maximally open) release
whereas I~I bas a coronal closure (underspecified) followed by a meative release (also underspecified for
Place) wbich is realized as a lareral fricative, as expected given my representation of a lareral fricative.
However, a caveat is required here. One tenet of Sleriade's proposai is that all segments contain one
aperture node under/yingly and releases are projected (bascd on the observation that releases are not
contrastive), thus Idl and Idl! should he indistinguishable underlyingly. Clearly. thOUgh9 given my
representations of laIerais, stops must be distinguished ftom laierai aftHeates either in the way depieted
above (with differing release types underlyingly) or, in traditional feature-geometric tenns, as simple vs.
complex segments (e.g. Hualde9 1988; Lombardi, 1990; Sagey. 1986).

19 Labial and velar segments are aIso transparenL 50, these data do not distinguish definitively
between a model in which larerals have no Place features and a model in which [Iateral] is a direct
dependent ofthe Place Node (see §4.3.1 for arguments against the latter analysis).
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even more informative, since they provide evidence to suggest that even non-sonorant

lateraIs do not contain a Corona! node in their representation. Similar evidence cornes

from coronai harmonies round in Navajo, which also bas a non-sonorant lateral and

Chumasb, which bas sonorant lateral segments in its inventory. For the sake ofspace, 1

will not discuss the Navajo or Chumasb facts here, but see Sapir & Hoijer (1967) for

the Navajo data and Shaw (1991) for the Chumash data and anaIysis. The important

thing to note bere is that the sonorant laterals in Chumash and Navajo are transparent 10

the coronal harmony, just as the laterals in Tahltan. Thus, we cao conclude that both

sonorant and non-sonorant laterals are not universally specified for Place features. The

behavior of laterals that we have seen in this section argues against any representation

of laterality that requires a Coronal node (e.g. the Levin, Vip and Piggott models).

InsteacL these data provide support for the representations 1 am proposing. By

examining languages with both types of lateral segments~ we ensure a more accurate

picture of the behavior of lateraIs and, bence, oftheir true representation.

1.3.2. Nasal Harmony

The coronal hannony we have just reviewed bas allowed us ta examine the Place

features of lateral segments. We tum now to nasal harmonies, whicb will provide sorne

insight into the manner features oflateral segments. Nasal harmonies cruciallyaffect the

sonorant features of a segmenL Thus~ the interaction of lateraI segments with

nasalization will indicate which sonorant features lateral segments are SPecified for; that

is~ what aspects of lateraIity are dependent upon specification for sonorant features.

Finding data to help sort out this debate is not easy; many of the languages that

exhibit nasal harmonies lack lateral segments. Thus, the discussion here will he brief

and the conclusions reached tentative. More concrete conclusions await additional data.

1 will present data from two languages which argue against the existing models of

lateraI representation and support the present anaIysis. While we saw no difference

between the behavior of sonorant and non-sonorant lateraI segments in corona!

harmonies~ suggesting similar representations under the Place node, with respect to
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nasal hannonies~ we will see a difference between the behavior of these two types of

iateral segments~ suggesting dissimilar representations in terms of their manner of

articulation.

Its.klr;

The first nasal harmony that we will consider is exhibited by Itsekiri~ a language

spoken in the Mid-Western State of Nigeria. 1 will assume Piggott's (l992~ 1993)

analysis of this nasalization process as the resu1t of Tautosyllabic Voice Fusion. This

operation fuses adjacent SV nodes within a syllable. The SV features of the nucleus are

dominant an<L therefore~ transmitted to the entire syllable, creating either an oral or a

nasal syllable. In Itsekiri, approximant Iaterals are targets of nasali'zation and become

full nasal stops as a result ofthis process. The data in (24) illustrate this.

(24) là [ni] (·Tà) 'ask the priee of
15 [03"] 'he losf

From these data we cao. see that the representation of laterals must he such that

nasalization supplants the laterality of the segmen~ creating a full nasal, rather than a

nasalized lateraI. The derivation in (25) demonstrates the operation of TautosyUabic

Voice Fusion. The representation of the lateral bere reflects my proposai.

• (25) 1 à ..... n à
R R R R

1 1 'Vsv sv sv
1 1 1

approx nasal nasal

Tautosyllabic Voice Fusion fuses the SV nodes; since the nucleus is the hea~ the

nasality of the vowel is retain~ thereby creating a nasal syllable. The manner features

orthe laterai segment (i.e.~ [approximant]) are supplanted by the features of the h~

which creates a full nasal. The laterality of this segment can ooly he supplanted by

nasalization ifwe assume tbat laterality derives (in~ at least) from the specification

for [approximant], which is a dependent of the SV node. Funher evidence to support
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my proposai is provided by the nasal harmony in Yoruba. The full set of data are

contained in Piggott (1993). As in Itsekiri~ sonorant lateral segments in the Yoruba

nasal barmony become full nasal stops as the result ofD8$3lizatiOn.

These data show the Levin Madel to he inadequate for its inability 10 derive full

nasal stops from lateral segments. Because Levin's model represents laterality distinct

from the oode involved in nasalization (i.e. SV), the resulting segment will always he

specified for the features [nasal] and [Iateral]. Therefore, this type ofmodel prediets that

sonorant lateral segments could ooly become nasalized laterals, not full nasal stops, as a

result ofnasalization.20 The foUowing derivation reflects ber modeL

• (26) 1 à
R R

[son/cons] [sonlvoc]
l'-'--''~~

PL nasal PL
1

Coronal
1

lateraI

~ 1 à
R R

[son/cons] [sonlvoc]
~ ~

nasal PL nasal PL
1

Coronal
1

Iareral

•

Nasalized lateraIs, however, are not attested in Itsekiri or Yoruba Sînce nasalization

supplants the laterality ofa segment, il appears that laterality (at least of sonorant lateraI

segments) must he represented as a dependent of the SV node.21 In terms of the model

advanced here, laterality in sonorant lateraIs must derive from specification for

particular sonorant features.

While examining the behavior ofsonorant lateral segments with respect to nasal

hannonies is infonnative, we also need a study ofthe behavior of non-sonorantlaterals

20 The correct fonn cao only be achieved by the addition ofa questionable co-occurrence constraint
that would delinlc the feature [lateraI] once the feature [nasal] spread to the laleraI segmenL Such a
constraint is unmotivated. however, since nasaJized laleraIs are phonetically possible and found across
languages.

2 1 The language Gbe provides an apparent counter-example to my daims here. LateraIs in th is
language do, in fact, nasalize (rather than become full nasals) as a result of the nasal harmony. Piggott
(1993) analyzes this nasal harmonyas the result ofTautosyIlabic Voice Fusion and obtains the faets by
positing that the laleral segments in Gbe, in c:ontrast to those in Yoruba and Isekiri. are not
consonantal. According to Piggott (1993). only consonantal segments may not be specified for bath
[approximant] and [nasal]. Dy virtue ofbeing [-consonantal], the Ghe lateral segments are pennined ta
retain their feature [approximant]. thereby bccoming a nasalized lateral segment rather than a full nasal
stop. The reader is referred to Piggott (1993) for a complete analysis of nasalized IateraIs and nasalized
semi-vowels.

-44-



•

•

in nasa1 harmonies. A strong prediction can he made regarding these oon-sonorant

laterals: lacking an SV node~ these segments should be entiIely transparent to SV

processes, such as nasalizatioD. In the next section" we will see that this is iodeed the

case.

Slave

Slave is an Athapaskan language spoken in the Northwest Territories of Canada. This

language, which is made up of four dialects (Stavey, Mountain" Bearlake and Hare),

bas been analyzed in great detail by Rice (1989). The nasal hannony data presented

below come from this source. For our purposes, it is significant that the lateral

segments in Slave are not sonorant, theyare fiicative.22 Thus, this language presents a

unique opportunity to investigate the interaction between non-sonorant lateral segments

and nasal harmony.

Before we cao examine the behavior of lateral segments, however, we must first

review the Slave nasal harmony. This system bas the foUowing basic characteristics: 1)

vowels are nasalized when followed by a nasal segment in the coda position of that

syllable and 2) nasal segments in the onset plsition of the syllable are de-nasalized

(resulting in a pre-nasalized stop) ifno nasal segment follows in that syUable.23 These

characteristics are exemplified in the foUowing fonns (from Rice 1989:58-59, 144~

967). Tone will he omitted from ail of the Slave examples as it plays no role in the nasal

hannony.

(27) a. /-kon!
/-minI

~ [k~242S

~ [ml]
'fire~

'net'

22 This classification of the lateral segment is bas~ in ~ on its participation in voicing
altemations. paralleling fricatives in the language.

23 Variation is found between a nasal and prenasaJized stop; 50 for example. the fonns {nétU ->
(ndétï] are bath acceptable. This suggests that nasal hannony in Slave (or in certain diaIects) is
optional.

24 The obstruent lkJ in the (a) example is not affected by the Fusion operation because it lacles an
SV Node.

25 The nasal in the coda position of the (a) example is 181er deleted. producing (kô]. Wc are
assured of the presence ofthe nasal in the underlying fonn by forms with a vowel sufflX. in which the
nasal. no longer in coda position. is retained; forexample. [kone].
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b. /neUf -.
Ithemehl -

[ndeti]
[thembeh]

'slhe went to sleep~

'it boiled~

•

•

This nasal harmony can he analyzed as the result of TautosyUabic Voice Fusion,

paraUeling Itsekiri.26 Positing the operation of Tautosyllabic Voice Fusion in Slave

allows us to capture the nasa1ization ofvowels and de-nasa1ization ofnasals in a unified

account. Thus, the operation ofTautosyUabic Voice Fusion is straightforward, creating

oral or nasal syUables. With this analysis ofSlave nasal harmony outline~ we cao now

consider the behavior of IateraI segments in Slave.

Recall that nasals are de-nasalized when they are followed by an oral vowel.

The following forms reveal that laleral segments~ bath. fricative and afIricate (which

apPear underlined), are not in any way affected by an adjacent oral vowel (from Rice

1989: 58, 59, 63, 218, 968).

(28) a. niyénila ..... ndiyenija 'slhe placed them'
b. -tulé ..... tulé 'rope'
c. nuie ..... mile 'net'
d. nade1tdah ..... ndadehdah 'slhe started back'
e. nollalt ..... nodalt 'slhe made a retwn trip'

We must assume, of course, that TautosyUabic Voice Fusion is also operative in the

derivation of these words, even though we May not see any visible effects (e.g.

nasalization or de-nasalization). Thus!, the SV nodes ofeach syUable will he fused. The

derivation in (29) illustrates this operation; the structure of the initial nasal is given for

comparison with the lateral

26 Keren Rice (p.c.) has brought a potential problem with this anaJysis ofSlave nasal hannony to
my attention. The issue Rice raises rests on the assumption that voicing is represented by the SV node;
that is. voiced segments will have an SV node in their representations. 1 will not elaborate this view
here. but sec: Avery (1993) and Riec (1993) for details. [(we assume this to be the correct representation
ofvoicing, then the following prediction is made: if nasaJ hannony results from Tautosyllabic Voice
Fusion (which fuses SV nodes) then voiced segments should participate in this hannony. As Ricc
notes, voiced segments do not participate in nasal hannony in Slave. However. a few caveats se
necessary here. First of aIl, voicing is not contrastive in Slave, 50 phonetica1ly voiced segments will
not be specified with an SV node underlyingly; thus, wc would not expect them to participate in the
hannony. Second, for those exceptional lexical items. which it appears voicing must be specified
underlyingly, it is plausible that specification for continuancy bloc:ks the participation of voiced
continuants in the nasal hannony. Moreover. it i5 possible that the representation of voicing as an SV
node is incorrect, in which case, the potential problem disappears.
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(29) a a
~ ~

n 1 y e n ï 1 a .... nd 1 y e n ï 1 a
R R R R R R R R
1 1 1 1 V 1 1

SV SV AF SV Sv AF Sv
1 1 1

nasal coot coot

Note the difference between the behavior ofthe nasal in this example which becomes a

pre-nasalized segment when followed by an oral vowel and the lateral which remains

unaffected.

There is also evidence that the presence of an adjacent nasal vowel does not

affect latera1 segments; they become neither nasal stops nor nasalized lateraIs, as

demonstrated by the forms in (30).

(30) a. hebt.i .... behti '[ am'
b. liya .... liya 'puppy'
c. 10 .... 10 'end'
d. g01l.'àa .... go1l'ia 'ailer'
e. dlOél .... dl.0a 'mouse'
f. /-l.ee + ft! .... [l.i] 'he'

Example (30f) provides an excellent illusttation ofthe faet that lateral segments in Slave

are transparent to Tautosyllabic Voice Fusion; the vowel becomes nasal but the lateral

segment is oot altered. The representation given in (30) obtains the observed facts.2 7

(31) cr cr cr
/'1~ /'1~ ~

t- ee n .... t- ee 0 t 1
R R R R R R R R

1 1 V 1
SV SV SV SV

1 1 1
nasal nasal nasal

Based on the faet that JateraI segments behave like obstruents (recall the fonn in (27a)

/kon! -. [kô]), we can he quite certain that fricative lateraI segments, like obstruents,

Jack an SV node. 80th the Rice & Avery and the Piggott model posit sorne feature as an

27 The change oflcel to Iii is an unrelated phenomenon discussed by Riec (1989) as Raising.
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SV dependent ta represent laterality in sonorant laterals. In order 10 capture the

ttansparency of fricative lateral segments to this nasal harmony,l laterals must he

represented without an SV node. The representation of lateraI fricatives proposed in this

paper will aceount for the Slave facts.28

The hehavior of non-sonorant latera1s in nasal harmonies is especially

interesting in light ofthe behavior ofsonorant laterals we saw previously. It is c1ear that

the laterality of non-sonorant laterals cannot he dependent on sonorant features or he

derived in any way from sonorancy. Yet, ManY ofthe eurrentmodels consider laterality

ofsonorant Iaterals to he inextricably linked to sonoraney (e.g. Piggott, Riee & Avery,

Yip). However, if we want to maintain laterality as a unifonn propetty, with similar

representation in all types of lateral segments, then we must reject the notion that

lateraiity is uniquely defined in terms ofsonorant features.

1.3.3. Additiona/ Evidence

We have seen that Iateral approximants must he specified for sonorant features (in

partieular, [approximant] under the SV node) and that lateml fricatives and affiicates

cannot he speeified for sonorant features. It still remains to he seen whieh manner

features are specified for these non-sonorant laterals.

Navajo

1 tum now to data from Navajo whieh suggest that fricative laterals have the same

manner features as other fricatives. These data also give us some insight ioto the Place

features of these segments. Navajo, as descrihed by Karl (1976), bas a rule ofvowel

deletion that creates a syllabic alveolar nasal. The following data from Navajo illustrate

that there are some restrictions to this rule - it is obligatory hefore coronal stops,

28 A model, like Levin's. in which the feature [Iateral] is a dependent of the Coronal node will
also account for the behavior of lateral segments in the Slave nasal hannony. However, as we saw in
§4. l, Levin's model is unable to account for the behavior of non-sonorant laterals in other
phonological processes, such as coronaJ hannonics.
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optional before coronal fricatives and ungrarnmatical before non-coronals (Kari~

1976:92; glosses not given).

(32) a. corooal stops (obligatory)
nijigeeh ~ J;ljigeeh
nidoogoh ~ J;ldoogoh

b. corooal fricatives (optional)
nisit hiz ~ n si!hiz
nitchxo~ ~ ~tchxo~

c. non--coronals (ungrammatica1 or questionable)
nimâ --. nrna
nahaitin ~ • ft bat tin
m'?eeS ~. ft?ee8
nik?· ? • '-') •aas --. J;l A. aas

The interesting aspect of these data is that the lateraI fricatives pattern with the other

coronal continuants. That Ibis vowel deletion role is optional before lateral fricatives

indicates that they are specified for the same manner features as the other fricatives~

namely [continuant]. These data also show that the laterai fricatives pattern with the

class ofcoronaIs - the vowel deletion is grammatical before bath types ofsegments.

These vowel-deletion data are compatible with a representation of non-sonorant

lateraIs in which [lateraI] is a dependent ofthe Corona! node (a reasonable extension of

Levin ~s model); this type of structural dependency would explain why lateraI fricatives

pattern with the other coronaI fricatives. However~ since lateraI fricatives are

transparent to the coronal hannony in Navajo (Sapir & Hoijer, 1967)~ as they are in

Tahltan (see §4.1), the hypothesis that [lateraI] is a dependent of the Coronal node

cannot he maintained.

Recently~Rice (p.c.) bas suggested that laterality of non-sonorant laIerais might

he represented by sorne feature (perhaps [lateral]) which was a direct dependent of the

Place (not the COlOnat) node. If laterality of lateral fricatives were represented as an

additional dependent of the Place node, then we would expect these segments to pattern

with the non-coronals and vowel deletion before them should he ungrammaticaL But as

the data att~ deletion is grammatical before lateral fricatives. If laterality of non

sonorant segments is represented by sorne dependent of the Place node, there is no a
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priori reason for these segments to hehave as coronals. Thus, any analysis that posits a

feature [Iateral] (or any other feature for that matter) as a dependent of the Place node

must have sorne means of limiting this additional place featme 10 the coronal place of

articulation. This co-occurrence restriction casts doubt on the plausibility that this

"lateral" feature is a dependent ofthe Place node. Thus, these Navajo data are important

because they give us insight ioto both the Manner and the Place features of non

sonorant latera1s. The behavior of lateral fricatives as coronals cao ooly he captured if

they are represented with a coronal place of articulation or, in line with

underspecification theory, a hale Place DOde. The representation tbat 1am proposing for

non-sonorant laterals would predict precisely the type of behavior that we see here in

Navajo.

Throughout this paper 1 have emphasized that a definitive representation of

lateraI segments will account for the bebavior ofboth sonorant and non-sonorant lateral

segments. In the sections on coronal hannony and nasal harmony we examined data

from languages with sonorant lateral segments and languages with non-sonorant lateral

segments. It would also he infonnative to investigate languages that have both types of

lateraI segments in their phonemic inventories. Exarniniog the behavior of both types of

lateral segments in the same language will alIow us to make an even more direct

comparison of the two types of laterals.

Nez Perce

Nez Perce provides another opportunity to examine the place features of lateral

segments. These data are especially important since Nez Perce contains bath the lateral

approximant and the lateral fricative in its phonemic inven1Ory.29 We cao he certain that

29 One might argue that what Aoki and Maddieson cali a voiced laleral approximant is aetua1ly
just the voiced counterpart of the voiceless lateral fricative; a voiced lateral fricative and a voiced lateral
approximant are quite similar phonetically and Many languages bave both a voiced and a voiceless
lateral fricative, with no lateral approximant. Howcver, voicing is not conttastivc in Nez Perce, so it is
unlikcly the approximant is aetually a voiced counterpart of the voiceless fricative. Furthermore, the
IWO segments behave quite diffen:ntly phonologica1ly. The lateral approximant patterns with the other
sonorants in the language; for examplc, ail nasals and semivowels (but Dot fricatives) become voiceless
word-finally. The lateraI approximant also becomes voicelcss in Ibis position. The voicelcss fricative,
on the other band, altemates with a homorganic affiicate between vowels. "lbus, there is considerable
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these two laterals differ in their manner of articulation (rather than just their voicing)

based OD their respective phonological behavior: the lateral approximant patterns with

the other 5Onorants in the language in de-voicing word-finally; the voiceless fricative,

on the other han~ a1temates with a homorganic affiicate between vowels. Moreover,

voicing is not contrastive in Nez Perce, sa it is unlikely the approximant is actually a

voiced counterpart of the voiccless fricative. In our discussion of Nez Perce, we will

focus on an assimilation process witbin the place of articulation. According ta Aoki

(1970), the dental consonants of Nez Perce, namely ItI, Ini IIJ and It1 are palatali.zed

before the vowellul. The fonns in the foUowing example illustrate this process (from

Aoki, 1970: Il).

(33) a tYu:skex ~upward'

b. pe? tYii:qes ~man-crazy'

c. nYu:snYu ~nose'

d. ?i!yu.:t ~belly'

e. t.YUk' 'thump'

l will not attempt ta cbaracterize this process formally as it is not clear what the

precise operation is. Notably, this "paIatalization'" effcct is not found before the vowel

rtl; it May, therefore, actually he velarization. Nevertbeless, regardIess of the precise

fonnulization of this process, the fact remains tbat the 5Onorant lateral and the DOn

sonorant lateral are affected identicalIy by this process. This suggests that their

representation onder the Place node is identical, as 1 am proposing.J 0

We/sh

l would now like to consider a bit of data from the acquisition of lateral fricatives and

lateraI approximants. Welsh bas both of these types of lateral segments, 50 it should

praye to he informative. The acquisition data that we will he examining are reported by

motivation for maintaining that these two laIerai segments have different manners of articulation (i.e.~

that one is an approximant and the other is a fricative).

30 Although these data are compatible with Levin~s model (if wc extcod her analysis to oon
sonorant laterals), we bave seen several cases which show clearly that laIerais (bath $Onorant and non
sonorant) cannot contain [Iateral] as a dependent of the CoronaJ node (e.g. Chumash Korean, Navajo,
Tahltan).
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Bellin (1984). The author notes that Welsh children have problems acquiring the lateral

fricative and attributes this difficulty ta a more general difficulty in acquiring fricatives

cross-linguistically. Il is quite interesting tbat the difticulty in acquiring these lateraI

fricatives does not stem from a difficulty with the aniculation per se; the children were

able to produce the sound, but only as a deformation of a different adult fomt (such as

tw).

In acquisition researc~ the types ofphonological substitutions a child makes are

often quite indicative ofher internai representation ofthe replaced segment (i.e. the one

that is substituted for). For example, it is argued by sorne that coronal segments are the

segments MOst often substituted because they are have an unmarked place ofarticulation

(Stemberger & Stoel-Gammon, 1991). The substitutions made by the Welsh children

for lateral fricatives and for lateral approximants should tell us something about the

basic character of each of these segments. Bellin reports that the most common

substitutions for the lateral fricative were ItlI, /xI, /sV and !el. These substitutions

indicate that the child bas detennined one of the primary properties of lateral fricatives,

namely continuancy; ail of the substitutions are, themselves, continuant. This would

suggest that the feature [continuant] is part of the representation of non-sonorant

laterals. It appears, though that the child bas not mastered the place of articulation; each

of the substitutions reflects a different place ofarticulation.

Ifsonorant laterals are defined by some combination of features that is different

than those present in a fricative lateral, then we should expect the Welsh children to use

different substitutions for the two types of laterals. Unfortunately, Bellin does not

report any cases where the sonorant laleral is substituted for. However, it is reported

that the sonorant lateral is, itself, often substituted for the approximant segment /w/. It

appears that the children have not mastered labial approximants; their substitution is a

coronaI segment. Assuming that like segments are nonnally substituted for another

segment (e.g. fricatives were substituted for fricative laterals above), we cao infer that

the representation of sonorant laterals in Welsh contains specification for
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[approximant]. Ag~ it appears that place ofarticulation is not a factor in these Welsh

substitutions.

What conclusions, theu, cao he drawn from these acquisition data? 1 think these

data demonstrate the basic nature of lateral segments. According to Rice & Avery

(1991 a), childre~ in acquiring their language's phoneme inventory, first deteet

contrastive use ofsegments and then elaborate (in their mental grammars) the structure

differentiating these phonemes. The make·up of a segment consists primarily of two

things • manner features and place features. Children detect contrasts a10ng these two

spectrums; that îs, they will differentiate segments either in tenns of manner features or

place features, initially. The data reported above indieate that the Welsh children are, al

this stage in their development, contrasting lateral segments with other segments in

tenns ofmanner, not place, features. Thus, we may take the substitutions to reveal the

basic nature (i.e. features) of the target segment - [continuant] in the case of non

sonorant laterals and [approximant] in the case ofsonorant laterals.

1.4 Review of Existing Data in the Literature

A large amount of data bas already been brought to bear on the issue of lateral

representation. Levin, Rice & Avery and Vip have amassed a considerable amount of

data in support of their respective models. A critical t~ then, for the model of lateral

representation 1am advocating is whether or not it cao account for the data previously

brought to bear on this issue, in addition to the data 1 have presented bere.

Yip (1990) discusses ten primary cases that have been used 10 detennine the

representation oflateral segments. Ali of these languages involve sonorant, rather than

non-sonorant, lateral segments. 1 will briefly consider eacb of these languages and

show how my proposai accounts for each one. The ftrSt set of languages 1 wiU

comment on have been used by Rice & Avery to support a model in which [lateral] is a

dependent of the SV node. Because my representation of sonorant laterals difIers very

little from theirs (i.e. both of us assume an SV node and an SV dependen~ as weU as

no Place features) little discussion will he required. For the sake of spacc 1 will ooly
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present enough data to illustrate the basic phenomenon. For further examples and

discussion the reader is referred to the relevant sources.

Kuman is one of the languages that Rice & Avery (l991b:ll1) cite to support

their model. The foUowing data iIlustrate a process of desonorantization in which a

lateraI followed by a nasal becomes a coronal stop.

(34) a. Iyobut + na!
b. lyal + nga!

-. (yobUlDa]
-- (yalDga]

'my bane'
'you plant'

•

•

Riee & Avery analyze this process as delinking orthe sv node, which is driven by the

presence of another adjacent SV node. The derivation of (34b) is given in (35), using

the representation oflaterality advocated in this paper.

(35) Iy a 1 + n g al ~ [y a t n g al
R R R R
A 1\ 1 1\

sv PL SV PL PL sv PL
1 1 1

approx nasal nasal

The proposed representation easi1y accounts for these data because, like Rice & Avery,

1assume that one ofthe features necessary in the representation of sonorant laterals is a

dependent of the SV node. Once the SV node is delinked, one of the features necessary

for the realization of laterality (namely [approximant]) is missing and the result is a

coronal obstruent.

Data from the Move dialect of Yagaria show the same type of altemation

between sonorants and obstruents; the sonorant fonn occurs after a vowel and the

obstruent fonn occurs after a glottal stop (which is the only syllable-final consonant,

and is subsequently lost). This aItemation is shown below (from Rice & Avery,

1991b: 110).

(36) bade + lata
a? + lata

-- badelata
-- atata

'two boys'
'two women'

The following derivation illustrates how this aItemation cao be captured without using

the feature [Iateral].
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(37) a ? + 1 a t a
R

/"'..
sv PL
1

approx

-. a t a t a
R
1

PL

•

•

The SV node of the lateraI is delinked (conditioned by the obstruent in the preceding

coda), resulting in a coronal obstruent. It is aIso of ÎDterest that although latera.ls in

Yagari pattern phonologically with the coronaI segments (Le~ 1988), they are

phonetically velar (Renc~ 1967). This is unexpected if laterals are universally specified

with a Coronal node. However, ifwe assume that laieraIs lack Place features (unless

required by underspecmcation theory), then we aUow for the possibility that sorne

languages will realize the bare Place node with a velar, rather than coroual, place of

articulation (see Trigo, 1988 and Rice, 1992 for more on velar place of articulation

resulting from an unspecified Place node)

Rice & Avery bave also marshaled the Korean data discussed above in §1.1 in

support of their model. These data from Cl), which illustrate a process of

sonorantizatio~are repeated here in (38).

(38) a. lkukmull -- [kuomul] "soup'
b. lkakmokl -- [ka;mok] "wood'
c. InaRQital -- [namnita] "to sprout'
d. lkatbnil -. [kanntl "10 he the same'
e. ltikitliiV -. [tikiJlii 1] "the letters t and l'

This process, by which stops become nasals (a-d) or lateraIs (e), can be anaIyzed as

leftward spreading ofthe Sonorant Voice node.

(39) ft i kit 1
R R
l' ./"'..

PL SV PL

1
approx

v -- [t kil i 1]
R R
~

PL SV PL
1

approx

The derivation of(e), employing the proposed representation of laterality, is shown

above in (39) (the identical Place nodes may be fused later).
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The next case 1 must account for cornes from Sanskrit, which bas an

assimilation process similar to Korean; stops assimilate 10 the nasality of a foUowing

segment and IIFs can assimilate to a following lateral. The data are from Rice &. Avery

(l99Ib:113).

(40) a. Ital namas'
b. ~lul2nunaml
c. /vakmel
d. Ital labbatel
e. Iut luptaml

-. [tan namas]
-. [tri~lumnunam]
-. [vao. me)
-. [tallabhate]
-- [ulluptam]

•
The process illustrated here, like the Korean data, can he analyzed as leftward spreading

of the SV node; a derivation is provided in (41).

(41) ft a t 1 a b
R R
1 . ~

PL SV PL
1

approx

h a t el -- [t a 1 a b h a t el
R R
~~

PL SV PL
1

approx

•

These data are also captured elegantly by the proposed representations: the original

coronaI stop DOW bas an SV node and an [approximant] dependent and will, therefore,

he realized phonetically as a lateral segmenL

The next two cases that we will consider involve place assimilation. The logic

hehind these examples is that if [lateral] is indeed a dependent of the Place node then

laterality should spr~ just as other Place features do. Javanese is the first language

that we will examine. The data are from Vip (1990:11).

(42) a. lrJ + ~jar/
b. Itj + bakarl
c. Itj + ~u4u?1

d. Itj + lunguhl

-- [fJ~jar]
-- [mbakar]
-- [fJ.<ilUCilu?]
.... [fJ lunguh]

~roast'

~place'

~sir'

As examples (4~) show, the velar nasal assimilates in place of articulation to the

following consonant, but fails 10 assimilate to a lateral segment, in example (42d). This

faet can only he captured if we assume that laterals are not universally specified for
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Place features; lacking Place features, there is nothing to spread from the latera1 to the

velar nasal. A derivation of(42d) is shown in (43); given the theory of Spreading as a

"feature-filling" operatio~we must assume that the velar nasal is unspecified for place

features. Note that these data argue against the idea tbat lateral segments contain a

Coronal node universally; if laterality required a Corona! node, we would incorrectly

expect the velar nasal to assimilate 10 the coronal place of articulatio~ as it does before

the coronal obstruents.3 1

•
(43) c. ltJ + 1 u n g u hl -. [1] 1 u n

R R R R
~ /".... ~ ~

SV PL SV PL SV PL SV PL
1 1 1 1

nasal approx nasal approx

g u h]

•

Dutch provides the second case of place assimilation. As the data in (44a-e)

show, ln! assimilates 10 the place ofarticulation of the following consonan~ yet fails to

assimiIate to the laterality of a following lateral (44f-g) (Rice & Avery, 1991b;

originally from Trommele~ (984).

(44) a. i[n] elfuur 'in eleven hours'
b. i[m]-bringen 'to bring in'
c. i[fJ ]-kopen 'to purchase'
d. i(Jl] jullie huis 'at your bouse'
e. i[:f-vieren 'in four parts'
f. i[n laten 'let in, admit'
g. i[n]-leggen 'Jay i~ put in'

The failure of the nasal to assimilate to the Jaterality of /Il cao be explained by the

representation of laterality advanced here: laterality derives from a combination of

3 1 Two points require comment here. Fi~ coronal stops are specified for a Coronal node in
Javanese since there is a contrast between dental and retroflex coronals, thus there is feature material
under the Place node that is available for spreading. The second note is that Irl, like 111, does not spread
its place of articulation to the nasal, suggesting that it too is unspecified for Place features (e.g.
fJ rantap-ake ·to tlake ofr). In §6.1, however, [ will argue that the approximant Irl is differentiated ftom
the approximant III by the presence ofa coronal node in the representation of the Ir/. We must keep in
mind, though, that this representation holds only of the approximant Ir/. The Javanese Irl is. in fact. a
trill and cao be distinguished From the approximant III by manner features (perhaps [continuant». Thus,
these data from lavanese do not disconfinn my proposai for the representation ofthe approximant Ir/.
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feature specifications, thus, spreading of laterality requires transmission of bath

sonorancy and coronality.3 2

The final two phenomena offered in supportofRice & Avery's Madel thatI will

examine come from Klamath and Ponapean. The phonological process at issue is

identical in both of these languages, 50 1 will treat them as a whole. The fOnDS in (45)

from Klamath and (46) from Pooapean exemplify the process, in which coronal oasals

become lateral segments. As the (45c-d) examples show, non-eoronal nasals and

coronal non..sonorants are not affected (Rice & Avery, 1991b:lOS, originally from

Barker, 1964:79 and Rehg & Sohl, 1981: 51).

• (45) a. Ihonlinal ...... [boBina] 'flies along the bank'
b. Iw' inl.'gal ...... (w'iJlga] 'lies down on the stomach'
c. IsI'osIq'al ...... [sl'oslq'a] 'shed haïr'
d. ft'omt'oml.'i! ...... [t'omfoml'i] 'flat on top'

(46) a. IDaIl=lengl ...... (nalleng] 'heaven'
b. IpanJinganl ...... [pallingan] 'will be beautiful'

In both of these languages, two adjacent SV nodes are fused and the result is a lateraI

segment. The following derivation shows how this is accomplished without the feature

laterai.

•
(47) lb 0 n 1

R R
/"'-. ~

SV PL SV PL
1 '--'~-J

nasal approx

n w...... [h 0 1 1
R R
~~

PL SV PL
1

approx

n a]

It is clear why non..sonorant coronals and $Onorant non-eoronals (45c-d) are not

affected: non-sonorants do not have an SV node, 50 the structural description of the

operation is not met, and fusing the SV node of a non-eoronaJ would produce an illicit

labial approximant - only when a segment with both an approximant and coronal (or

placeless) specification is created, as in the (a-b) examples, does a lateral result. This

32 These Dutch data do not indicate whether or not lateral segments in this language are specified
for a Coronal Node. The nasal preceding the lateral is coronal underlyingly and remains coronal. thus.
there is no means ofascenaining ifa Coronal Node or nothing at ail was spread from the lateral.
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concludes my discussion ofthe data in the literature that have been used to support the

Rice & Avery modeL It is clear that my model can account for these data.

The remainder of the languages that will he examined in this section are all

regarded as evidence for Levin's model of lateraI representation. Levin (1988) uses

primarily three coronal processes to argue for the dependency of the feature [Iateral] on

the Coronal node. Below, 1 review each of these arguments and re-analyze them in

terms of the representations just proposed. Levin's strongest bit of evidence comes

from Selayarese. In Selayarese, nasals assimiJate to the point of articulation of any

following consonant and completely to 11/. The process cao be seen in the following

• reduplicated forms (Mithun & Basri, 1985).

(48) a. Idodog + dod~ -- [dodomlodolj ] ~sort ofsick'
b. IbambarJ + barn 1 -- [bambamham!mJ] ~sort ofhot'
c. 19intarj + gintarj1 -- [gintaJJ&in ] ~chili-like object'
d. IsorolJ + sorOfJl -- [soromor~ ~drawer'

e. InUDrUrJ + nUDrUIJ / -- (nunruonUDrUrJ ] ~hit lightly'
f. /mat;) gag + mao gao/ -- [mag~agOag] ~sort oftired'
g. 1Jl amaIJ + JlamaIJ / -- (Jl~amaIJ] ~rather delicious'
h. IlamUIJ + IamUIJ/ -- [lamuJlamUl'j ] ~plantation'

•
The significant aspect ofthese data is that what appears to involve only spreading of the

Place node creates a lateral segment before another lateral segment (48h), suggesting

that laterality is located Wlder the Place node. WhiIe it is clear that there is a rule of place

assimilation operating here, it is possible that sonorant features are also being

transmitted from one segment ta another (as demonstrated for Catalan in §1.1). Rice

(1992) points out that languages do not allow consonants in the coda of a syllable to be

less sonorous than the onset of the following consonant; coda-onset sequences that

"iolate this sonority hierarchy are repaired by the application of various phonological

operations (see Rice, 1992 on Ponapean, Toba Batak and Diola-Fogny). 1 would like to

suggest that the spreading of laterality in Selayarese results from the spreading of

sonorant features in arder to create a pennissible coda-<mset sequence. Given that

sonorant laterals are more sonorous than nasals, the derivation of (48h) would proceed

as follows:
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(49) Il a m u!J + 1 a m u tJ1 -. [l a m u lia m U fJ ]
R R R R
~~ ~

SV PL SV PL PL SV PL
1 1 1

nasal approx approx

Right-headed fusion of the adjacent SV nodes ensures that the coda consonant is oot

less 5Onorous than the following anset consonant. The velar nasal is clearly

Wlderspecified in this language, 50 that acquisition of the feature [approximant] frGm

the neighboring lateral creates a structure that will he realized as a lateral. Example (48h)

above is the only case where we cao see the effects ofthis operation; in examples (48a

dl, the righthand member of the heterosyUabic cluster Jacks an SV node, 50 that the

structural description of the nde is not met (i.e. presence of two adjacent SV nodes),

and in examples (48e-g), the two members of the heterosyllabic cluster are bath nasal,

so that the fusion of the SV nodes is vacuous}3 Unfortunately, apart from total

geminates, l'JI and 111 are the ooly possible coda consonants in Selarayese, 50 we

cannot detennine the effect of the proposed SV fusion on an Il + ni sequence or the

effect of the place assimilation rule on a It + 1/ sequence. The introduction of an

additional operation does make our account of the data in (48) a bit less elegant;

however, ifwe assume that more is at play than only a rule ofplace assimilation, we are

able to maintain the representation of laterality presented here.

One of Levin's more general arguments concems languages in which /li

altemates with coronals, sometimes acting as the [continuant] version of the corona!

stops} 4 Vip (1990: 10) cites Taiwanese as such a language, in which It! becomes [1] in

a context where other stops simply voice. ft is no accident tbat lateraIs altemate with

coronal stops: the addition of the feature [approximant] or [continuant] to a segment

33 A counter-example to the claim that laterals in Sclarayese result trom SV node Fusion rather
than Place assimilation is IroUga.{J + roQga{)/- [roOganro083{l] 'rather loose'. Here~ the coda nasal
assimilates to the corona! place ofarticulation ofthe Irl, but not to its sonorancy. At this poin~ [ have
no explanation for the failure ofIrl to transmits its sonorant features to the nasal.

34 Vip (1990) does not indicate if Ibis lateral is the sonorant or non-sonorant one. [t would be
especially interesting if this altemation occurred with the non-sonorant lateral~ since it differs from
coronal stops only by continuancy.
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with a peripberal (i.e.~ labial or dorsal) place of articulation would not produce a

phonetically latera1 segment. The altemation between ItJ and [1] in a context where other

stops simply voice (for instance~ hetween vowels) cao also he explained. If the

sonorancy of a vowel is transmitted to a coronal stop~ the result would he a Iateral

approximant. Thus~ these sort of data provided by Levin in support of ber model of

lateral representation cm actually he accounted for without the feature [Iateral].

The last argument for Levin's model that 1 will consider here involves place

assimilation in Basque. Basque has a process of place assimilation in which the nasal

ln! undergoes total place assimilation while 11/ remains coronai, although it takes on the

appropriate values of [anterior] and [distributed]. The foUowing forms illustrate this

(Yip, 1990:10, originally from Hualde~ 1988)

(50) a. egu[n] a 'the OOy'
egu[m] herri 'new day~

egu[m] fresken 'cool day~
egu[Q.] denak 'every day'
egu(J1] tiki 'small day'
egu[9] gorri 'red day'

Levin argues that if [lateraI] is a dependent of the Coronal node, then laterals must have•

b. ata[l] a
ata[l] berri
ata[l] fresken
ata[l] denak
ata[À] tiki
ata[l] gorri

'the section'
'new section'
'cool section'
'every section~

'smaU section'
'red section'

Coronal nodes.

While these data do suggest that lateral segments in Basque do have a Coronai

node, 1 do not think (as Levin does) that the presence of this CoronaI node implies the

presence of a [Iateral] dependent. There is a perfectly good alternative explanation for

the presence of a Coronal node in the representation of laterals. Many segments in

Basque contrast within the coronal place ofarticulatio~ requiring that they he specified

for a Coronal node.3 S Thus, the lateraI segments are specified for a Coronal Dode as

3 S (t is curious that {ni undergoes total place assimilation while IV does not. Basque only
contrasts labia~ alveolar and palatal nasals (/fJ{ is not contrastive). Thus9 it is possible that ln! and {pl

- 61 -



•

•

required by underspecification theory, not because their laterality derives from, or

depends on, the presence of this node.

The claim that ooly a Coronal node, rather tban a Corona! node and a [Iateral]

dependent, is present in the Basque lateral is further supported by the foUowing data

(Vip, 1990:20).

(51) egu[n] luze 'longday
ba(t] luke 'he would have one'

If the featw'e [lateral] truly were a dependent of the Corona! node, then it should spread

in this place assimilation process. Vet, as the fonns in (SI) show, it does not. The

representation of lateral segments 1 proposed correctly accounts for the data: the

Corona! node (with no dependents) of the lateral segments spreadsle~ resuJting

in a coronaI segment. Thus" it is clear that the data from Basque do not suppon Levin's

model and~ in fact, he accounted for by the model advanced here.

To conclude this section, 1have shown that the model 1 am proposing is able to

aCcoWlt for the data that bas been amasse<! in the phonologjcal literature around this

lateral debate. 1 have by no means exhausted the data in the existing literature, ooly

shown that the more prominent cases cao he handled without the feature [Iateral] .

1. S Implications

One of the basic claims of my proposai is that 111 is the unmarked coronal approximant

and It1is the unmarked coronaI fricative. By this, 1 Mean tbat each is represented with

the least amount ofstructure in their respective classes. While it is beyond the sc0Pe of

this paper to fully investigate the representation of non-iaterai segments, in the

following section 1 take a brief look al some of the implications of my proposaI for the

representation ofsorne closely related segments.

can be distinguished from each other without Coronal node dependents; in this case, ln! wouId not need
to be specified for Place features. This would explain why ln! undergoes total place assimilation but IV
does noL
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1.5.1. The representation ofnon-iaterai approximants

Non-Iateral approximants, such as Ir/ must somehow he distinguished from the lateraI

approximant. The representation that 1 propose for Ir/ appears in (52).

(52) 1rI (approximant)
ROOf

~
SPONTANEOUS VOlCE PLACE

1 1
approximant Coronal

According to this structure, the ooly thing that distinguishes Irl from 11/ is the presence

ofa CoronaI node in the representation of Ir/. It is very important to keep in mind that

there are many varieties of r-sounds!t ranging from trills to taps to approximants to

semi-vowels. The structure in (51) is only intended to represent the approximant Ir/!t

which would have the same manner features as the approximant 11/.36

There are two significant predictions that foUow from the proposed

representation in (52). One is that if both an approximant !II and an approximant Ir/ are

contained in an inventory!t Irl must a1ways he specified for a Coronal node and will not

he transparent to coronal processes such as coronal harmony. Unfortunately, none of

the languages that 1 have examined with respect to coronal harmony in this paper

contains an Ir/ in its inventory. However, 1 know of two Australian languages,

Gooniyandi and Diyari!t which have coronal hannonies and contain Irl in their

inventories; in both languages, Ir/ participates in the coronal hannony (Hamilton,

(993). Thus, there is preliminary evidence to support this prediction about Ir/ in coronal

harmonies. A second prediction is that in those languages where Irl behaves as the

unmarked (Le. underspecified) approximant - for example!t Japanese!t as argued by

Mester & Itô (1989) - there will not he a contrast within the c1ass of coronal

36 Clearly, an Irl that patterns as a fricative or as a semi-vowel will be specified for the manner
features that characterize fricatives or semi-vowels, respectively; in these cases, different specification
for Place features would not he necessary to distinguish the trill or semi-vowe1 Irl from the
approximant /II.
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approximants (i.e. IV and Irl will not contrast phonemically). We know that for

Japanese~ this is indeed the case.

1.5.2. The representation ofnon-Iateralfricatives

Another implication of my proposaI concems the representation of the other coronal

fricative Isi. This structure appears helow.

(53) Isl
ROOf

~
AIR FIDW PLACE

1 1
continuant Coronal

lbis coronal fricative is distinguished from the lateral fricative by the addition of a

Coronal node~ just as Irl is distinguished from the lateral approximant. The daim tbat

the lateral fricative~ rdther than IsI~ is the unmarked corona! fricative MaY he

controversial~since Isi is regarded by many phonologists to he unmarked. Indee~ if Isi

is the only coronaI fricative in a particuJar inventory~ then it will he unmarked for Place

features. Thus~ the prediction ofthe above representation is that ifan inventory contains

both It1and IsI~ IsI will he specified for a CoronaJ node~ and will not he transparent to

corona! processes. We saw that this was~ in fac~ the case in Tahltan, Navajo and

Chumash. Many of the languages that have both It1 and Isi al50 have /SI in their

inventories~ 50 the presence of a Coronal node in the structure of Isi is indePendently

motivated.

This proposaI aIso predicts that in languages that contain the Iaterai frieative~ and

no IsI~ the lateral fricative should behave with the same extra freedom that Isi enjoys in

languages like English. Languages that contain It1 yet lack /si are exceedingly rare (a

total of seven in Maddieson's (1984) Panerns of Sounds) - a fact that also deserves

explanation - thus~ whether this second prediction is borne out is still an empirical

question at this point.
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1.5.3. The acquisition oflaterals and reJated phonemes

The final implication ofmy proposaI that 1will discuss concems the acquisition of these

segments. IfIV and /rl are distinguished solely by the presence of a Coronal node, then

the prediction is that children will only contrast these two segments phonologically once

they have posited the Corooal Dode in their grammar; that is, when they begin ta

contrast other sounds, such as IsI and /SI, which also require anode to distinguish

them. Recent work by Brown and Matthews (1993, in press3 '7) on the acquisition of

English phonemes provides support for the idea that 111 and Ir/ are distinguished by the

presence of a CoronaI node. The authors show that /1/ and Irl are distinguished

phonologically quite late (after sonorants are distinguished from obstruents and nasals

are distinguished from non-nasals). Thus, it appears that whatever distinguishes these

two segments is acquired relatively late. Interestingly, Brown & Matthews also found

that coronal segments are the last to he distinguished from the other places of

articulation, suggesting that the Coronal Dode is the last node under the Place Dode to be

acquired. These acquisition data are compatible with the present proposai. Brown

(1 993a, to appear a. b3 8, c) presents evidence from second language acquisition that

aIso supports the proposed representations of11/ and Ir/.

Similarly, if It1 and IsI are distinguished solely by the presence of a Coronal

node, then children learning languages with these two phoDemes (e.g. Welsh) should

only contrast them once they have posited the Coronal node in their grammar. Il

remains to he seen if this prediction is substantiated. However, based on the production

data from Welsh reponed above, the prospects are promising, as children who do not

distinguish segments in tenns of their place of articulation do not contrast It1 and IsI

either.

37 Brown & Matthews (in press) appears in this dissertation as Chapter 2.

38 Brown (ta appear ~ b) appear in this dissertation as Chapters 4 and 3~ respectively.
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1.6 Conclusion

One of the goals of this paper bas been to examine the phonological behavior of both

sonorant and non-sonorant lateral segments and, thereby, obtain a more accurate picture

of the essence of laterality. FoUowing Spencer (1984) and, more recently, Piggott

(1993), 1 have argued that [Iateral] is best regarded as a phonetic, rather than

phonological, feature. This c1ai.m, in conjunction with my proposed representatiollS,

provides an explanation for the propensity of lateral segments to have a corona! place of

articulation - if a segment is specified for any Place feature (other than coronal,

perhaps), it is simply not realized as a lateral. 1have also argued that sonorant and non

sonorant laterals have similar representations. Until now, the internai structure of non

sonorant laterals bas not been addressed. Importantly, the proposed representations for

both types of lateraIs do not require the introduction of any new features, or

dependency relations, in10 the overal1 feature geometry.

To support my proposed representations, 1 presented evidence from a wide

range of segmental processes and a variety of languages. Using data from a coronal

harmony data in Tahltan, as weU as Navajo and Chumash, 1 demonstrated that laterals

cannot be universally specified for Place features. This was taken 10 indicate tbat

Iaterality cannot derive from specification for corona! features, thereby casting doubt on

the models proposed by Le~ Vip and Piggott. Similar data from nasal harmonies was

also examined. These data showed that while laterality must derive from specification

for sonorant features for lateral approximants, it cannot for lateraI fricatives. None of

the models considered can account for the behavior of bath types of laterals in these

harmonies. The Wlified model presented here, on the other band, is able to account for

the behavior ofbath lateral types in the coronal and the nasal harmonies. To detennine

the structure of lateraI fricatives, we reviewed additional data from Navajo~ Nez Perce

and Welsh. The behavior of lateraI fricatives with respect to the rule of vowel deletion

in Navajo suggested that they do contain a specification for the feature [continuant], as 1

proposed. Moreover, these data, as weil as that from Nez Perce, demonstrated that the

laterality ofnon-sonorant laterals cannot he adequately captured with an additional Place
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feature. The data from Nez Perce also confirmed that the two types of laterals bave the

same structure under the Place node. The acquisition data from Welsh gave us an

indication ofthe basic nature oflateral approximants and lateral fricatives; in particular

that sanorant laterals are SPecified for the feature [approximant] and that non-sonorant

laterals are specified for the feature [continuant]. Thus~ the data presented demonstrates

that none of the existing models is able to account for the entire range of cross-linguistic

data. At the same time~ these data provide empirical support for the unified Madel

advocated bere.

The important and close relationship between the phonological component and

the phonetic component of the grammar bas, in recent years, received increased

attention. The ways in which (and means by which) phonological structure is u1timately

realized by speakers deserves systematic study. The daim that laterality is a phonetic

property that results from a particular phonological structure underscores the close

relationship between the two components. To tnlly understand the representation and

realization of laterality we must DOW develop theories of its phonetic implementation.

- 67-



•

•

Preface to Chapter 2

The system of mental representations proposed to characterize aduIt linguistic

knowledge must do two things: 1) it must account for cross...linguistic data (Le.~ what is

grammatical and ungrammatical in specifie languages~ as well as in language in

general)~ and 2) it must be leamable; that is~ coupled with a theory of acquisition~ a

theory of grammar must explain how that linguistic knowledge is attained (Chomsky~

1965~ 1981; Pinker~ 1984). In the previous chapter, we considered the representation

of laterality and examined how the feature-geometric representations posited for lateral

fricatives and latera1 approximants account for their hebavior in severa! phonological

processes cross-linguistically. Thus, the theory of Feature Geometry, and the feature

geometric representations proposed for lateraI segments~ are weIl supported by a range

of cross-linguistic phonological data. However, if we assume that our theoretical

characterizations of linguistic knowledge must he leamable by the child through

exposure to the ambient language (Le., there must he a way into the system for the

child), then we must a1so determine whether (and how) the segmental representations

posited within the theory ofFeature Geometry, like those for lateraI segments described

in the previous chapter, can he acquired given the appropriate input. The theory of

Feature Geometry is sufficiently developed at this point that we are now in a position to

consider the predictions this theory makes for the acquisition of segmental

representations.

The study of lateral segments in Cbapter 1 bas several important implications for

the acquisition of these segments. First, we saw that theoretical considerations

compelled the elimination of [lateral] from the set of universal phonological features.

One of the consequences ofremoving [lateraI] from phonological representations is that

this feature is no longer presumed to he involved in the phonological systems of the
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world~s languages~ nor is it implicated in the development of any such system; in other

words~ [lateral] should play NO mIe in the acquisition of lateral segments or closely

related segments~ either in predicting the order in which these phonemes are acquired or

in phonologicaJ mies posited by children. EIiminating [lateraI] from the phonological

system also requires that lateral segments he distinguished from other related segments

(i.e.~ approximants or fricatives) in a speaker's mental grammar by some means other

than that feature. Our discussion ofthe non-lateral approximant Irl in the previous study

suggests that III and Irl are distinguished by the presence ofthe feature (Coronal] 1 in the

feature geometry of Ir/. This analysis predicts that the feature (Coronal] will he

intimately linked ta the acquisition ofIII and Irl and that these two segments will ooly he

differentiated in a leamer's grammar once (Coronal] bas been acquired. In Chapter 2,

these implications are explored and the acquisition of segmental representations, in

general, is investigated; bu~ first, it will he necessary to review the two major

approaches to child phonology in the literature in order to provide a context for the

present study and to malee explicit some ofthe assomptions that underlie this research.

Previous work on phonological development in children can generally he

divided into two basic approaches. One approach is to view child language as

something unique and (possibly) fundamentally ditrerent in nature from adult language

(e.g., Ferguson & Farwell, 1975; Macken & Ferguson~ 1983; Stoel-Gammon & Dunn,

1985). Of course, this position does not preclude the use of linguistic constructs to

describe child language; however~ the goal of this perspective is ta characterize the

child's knowledge (as evidenced by bis or ber productions) as a self~ontained system~

with little or no reference to the adult system being acquired. The use of linguistic

constructs may belp to capture the regularity of the child's phonological syste~ but it

does not commit the researcher to any claims about the similarity between the child's

system and the target language.

1 Although Coronal is technically anode. it bas traditionaUy been referred to as a feature. The
difference between these two tenns is not substantive for the purposes of this dissertation. Therefore, 1
will refer to Coronal interchangeably as a feature or as anode, depending on the con~ in the
remaining chapters.
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The other main approach taken by phonological acquisition researchers is to

treat child language as identical in nature ta adult language (i.e.~ is a possible human

language); differences between aduit forms and the child~s output (again, production)

are attributed to phonological processes applied to underlying forms, which are

themselves presumed to he identical to the forms posited in the adult grammar (e.g.,

Smi~ 1973; [n~ 1976; Macken, 1987). Sïnce each stage of the child's

phonological system (indicated by the child's productions) is assumed ta be a possible

human language (i.e., constrained by Universal Grammar), an effort is made to

charaeterize the child's system using the tools of phonological theory. However, the

child's phonemic system is not seen as an impoverished version of the target language

and, although cale is taken to show how the child's outputs relate to adult forms, this

approach allows the child to posit phonological rules not attested in the target language;

in other words, each stage of development is not necessarily a closer approximation to

the adult system.

The research presented in this cbapter shares certain assumptions with this

second view ofchild phonology but departs significantly from it in treating the child's

system as an immature state of the emerging (Le., target) phonological system (rather

than simply as a possible human language that is systematically related to the aduit

language). This view of child language foUows directly from Pinker's (1984)

learnability condition and continuity assumption. As the approach to child phonology

and experimental research presented in this chapter is heavily influenced by these

assumptionslextemal constraints, [ will briefly explain how each constrains our theory

of acquisitio~paying particular attention to phoneme acquisition.

The leamability condition ensures that the child's linguistic system is viewed

as an intennediate stage in the acquisition process; it also guarantees that our theory

provides the child a way inlo the developmental state and explains how the adult system

is ultimately attained. A system of representations cannot he posited to explain a given

developmental stage, ifone cannot show how those representations were acquired and

how the proposed system evolves into a subsequent stage. Taking the adult system of
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segmental representations as the final state, the leamability condition sharply restricts

the types of systems that cm he proposed to characterize the child's knowledge of

phonemic contrasts.

Whereas the leamability condition requires that the child's system is viewed as

an intennediate stage in the acquisition process, the continuity assumption dictates that

the child's intermediate stages are analyzed in terms ofthe adult system. In faet, (strietly

taken) this constraint obliges researchers to regard the child's grammar as an

impoverished version ofthe target system, rather than a unique system in its own right

(regardless of whetber that system can he shown to respect properties of Universal

Grammar). The continuity assumption aetual1y applies to three related aspects of the

child"s system: 1) the qualitative nature of the child's cognitive abilities, 2) the formaI

nature ofthe child's grammatical system, and 3) the realization of the child's grammar

in comprehension and production. According to the continuity assumptio~ the null

hypothesis is that, in each of these areas, the child and the adult are identical.

These extemal constraints on our theory ofacquisition are a necessary departure

point for any theoretically motivated approach 10 language acquisition: if our theory of

the adult system is 10 infonn our understanding and experimental investigations of first

language acquisition, then we must assume that these two systems have something in

common; ifnot, then it is pointless to use our theory ofgrammar 10 generate hypotheses

about acquisition. By starting with an assumption that the child and adult system are

identical in nature, we arrive al a constrained theory of acquisition that cao he modified

in a principled manner as the developmental data dictate.

Thus, in the research reported and discussed here, chiId phonology is not a

unique phenomenon in and ofitselfbut rather reflects an immature state ofthe emerging

phonological system. In the context of segmental representations, this means that the

representations posited by the child during the course of acquisition are asswned to he

of the same tyPe as the representations present in the aduIt system (Le., feature

geometric). Given that phonemes are distinguished from one anotber within a grammar

by their internai structure, the acquisition of a phoneme involves the acquisition of that
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structure. Thus, in acquiring a phoneme (or phonemic opposition), the child must

acquire the appropriate hierarchical organization of features to distinguish il from the

rest of the phoneme inventory. However, it is not enough to demonstrate that children's

productions cao he analyzed in terms of segments whose internai structure respects the

hierarchical relations encoded in Feature Geometry; we must detennine how these

feature-geometric representations are acquired given the theory of Feature Geometry

presented in Chapter 1 and wbat we know about the acquisition process in generaL

This chapter investigates how Universal Grammar (UG) and the primary

linguistic data interact ta create segmental representations in the leamer's mental

grammar. Our goal is to demonstrate that feature-geometric representations are, in fac!,

the end product of the acquisition process, and that the theory ofFeature Geometry, and

representations for laterals laid out in the previous chapter, make the right predictions

regarding acquisition of these structures. It is hypothesized that the universal feature

hierarchy encoded in UG actively constrains the acquisition of segmental

representations by providing the material from which representations will he

constructed and determining the order in which they will he acquired (Rice & Avery,

1991a, 1995). This theory of phoneme acquisition is tested with eighteen English

children ranging in age trom 1;3 to 2;4 who perfonned a forced choice picture selection

task in which stimuli contained minimal pairs distinguished by a single feature in their

underlying representations. The prediction is that children will discriminate phonemic

contrasts that depend on less segmental structure before those that require more

structure in an order consistent with the feature hierarchy. The resu1ts indieate that

children indeed acquire the ability ta contrast phonemic oppositions in a unifonn order

that is consistent with the hierarchica1 relations encoded in Feature Geometry.
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2.0 Introductioa

Acquisition research within the framework of generative linguistic theory bas generally

restricted itself to the development of syntaetic knowledge, while largely ignoring the

role of Universal Grammar (UG) in the acquisition of phonological knowledge.

However, the logical problem of language acquisition extends to the developmeot of

other areas of the grammar, including phonology. Despite imperfect primary linguistic

da~ children consistently achieve adult competence across the full range of subtle and

complex properties of the phODOlogical system of their language. Children must

detennine whether the language they are acquiring pennits branching onsets, whether

vowellength is distributionally predictable or phonologically contrastive, whether stress

is sensitive to syUable weight, as weU as Many other options. At the segmental level,

languages vary with respect to their phonetic (surface) inventories and their pbonemic

(underlying) inventories.

While the linguistic input provides the child with positive evidence of the variety

ofsooods that occur in the target language, the child must still detennine whether those

sounds are contrastive or whether they constitute allophones of a single underlying

phoneme. The child must also develop phonemic representations for those segments in

order to distinguish them in bis or ber grammar. Il must, ofcourse, he remembered that

children have access only to the surface properties of the target language they are

acquiring. TItus, any properties of the grammatical system ultimately acquired by a

child that are not inducible from the input are presumed to foUow from whatever
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biologically endowed apparatus the child brings to the acquisition task (i.e., UG). How

the child determines wbich segments are contrastive in bis or her language, how the

representations for these phonemes are acquired and how UG guides this process are

questions that are only now beginning to he addressed in light of current theoretical

advances.

In an attem.pt to gain insight into how children acquire the phonemes of their

language, researchers have often investigated the order in which phonemes are

acquired. One of the first researchers to examine phoneme acquisition within a

theoretical framework was Jakobson (1941). According to bis theory of phoneme

inventory development, there is a universal hierarchy of phonemic oppositions that

detennines the arder in which ail children will acquire specifie contrasts, regardless of

the language they are acquiring. A substantial body of research in ehild language

development bas accumulated whieh putatively refutes this hypothesis (Ferguson &

Farwell, 1975; Kiparsky & Me~ 1977; Macken & Ferguson, 1983; Pye, Ingram &

List, 1987). However, it must he recognized that Jakobson's claim actually contains

two separable components: first, the hypothesis that a single hierarchical organization of

phonemie oppositions detennines the order in whieh aU children acquire phonemie

contrasts; and second, that the partieular hierarchy of oppositions articulated by

lakobso~ based on a synchronic study of a wide variety of phonemie inventories, is

the correct hierarchy.

The evidence that bas been used to argue against Jakobson's universalist

position aetualIy refutes the latter claim but remains orthogonal to the former. The vast

majority of this literature cites pervasive variability across children from difIerent

language groups as well as across children within the same language group. Such

variability, aceording to Jakobson's crities, is inconsistent with a model ofphonological

universaIs. This is true in the context of the strict hierarchy that Jakobson proposed.

However, ifwe entertain an articulated hierarchy in which one opposition immediately

dominates more than one other opposition, then Jakobson's model would predict a

limited amount ofvariability yet maintain its universal application across individuaIs and

-74-



•

•

across languages. Such a hierarchy would continue to make refutable predictions in that

oppositions that are relatively low in the hierarchy will never be acquired before those

oppositions that dominate them.

Recent developments in theoretical phonology have produced such an articulated

hierarchy ofOPPOSitiODS7 known more widely as Feature Geometry. According to this

theory~ distinctive features internai to the segment are ananged hierarchicalJy

(Clements7 1985; Sagey~ 1986). This hierarchical structure captures the dependency

relations that exist between features as well as defines the groups offeatures that pattern

together in phonological processes. While this theoretical model is weU supported by

cross-linguistic phonological evidence, it bas not yet been detennined how such

segment structure might he acquired by childrelL

In this chapter we will reconsider Jakobson7 s (1941) theory of phonological

universals in language development in light of current phonological theory and

investigate what mie Feature Geometry might play in the acquisition of segmental

contrasts. We begin by reviewing several aspects of curreot pbonological theory

regarding the representation of phonemes (§2.1). We then consider how DG might

interaet with the linguistic input to create these phonemic representations. This

discussion is followed by our own eXPerimental study whicb measures children's

abilities to discriminate phonemes in a comprehension task (§2.2). Based on the results

of this experiment we infer a course of development for the acquisition of segmental

representations (§2.3).

2.1 Theoretical background

2.1.1. Phonological theory and the representation ofsegments

The introduction of Feature Geometry as a theory of segmental representation bas

produced significant insights and advanced our understanding of segmental processes.

ln this framework the processes attested in naturallanguages are DOW believed to follow

from the representation of the segmen~ in conjunction with a small set of principled
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operations, such as Spreading, Fusion and Delinking. Since the pioneering Feature

Geometry models ofClements (1985) and Sagey (1986), there bas been a proliferation

offeature geometries, each modifying the structure and content ofthe original models in

significant ways. A portion ofone such model of feature geometry is given in (1) (Rice,

1992; Rice & Avery, 1991~ 1995).1 We have chosen to focus on this geometry

because Rice & Avery (1995) have used it to motivate a theoretical model for the

development ofphoneme inventories in first language acquisition.

(1)
SL

~
SV PL

/...... /'..•.•
oral (nasal) pcriph (coronal)

/.'..'. / .
vocalic (laierai) dorsal (labial)

···~·;hOliC) ···~·~clar)

SL = SUPRALARYNGEAL
SV =SoNORANr VOICE
PL=Pl..Aœ

NODE

Sonorant Voicc (SV)
Oral
Vocalic
Pcriphcral
Dorsal

CONTTUSrREPRESENTED

sonorants vs. obstrucnts
oral vs. nasal sonorants
laierai sonorants vs. rhotics
coronals vs. non-coronals
labials vs. velars

•
With respect to the contents of a feature geometry, there is by no means a

consensus among theoretical phonologists as to whether segments contain features

specified for binary values or whether features are monovalent. For the purpose of our

investigatiol1y we will adopt the assumption held by many researchers that features are

monovalent and that it is the Mere presence of a feature in the representation of a

segment that designates the active involvement of its corresponding articulator;

likewise, the absence ofa feature entails that the corresponding articulator is not active

for a given segment (e.g., Anderson & Ewe~ 1987; Avery & Rice, 1989; van der

HuIst, 1989). For example, the voiceless segment Itl will simply not contain the feature

1 We Iist that ponion of the geometry that Riee Il. A very (1991 a. 1995) themselves focus on.
Their full geomeny also eontains an Air Flow (AF) Organizing node which would dominate the
elements necessary for defining segments that contrast in tenns of eontinuancy or stridency. Sinee they
have not yel fully elaborated the internai organization ofthis braneh of the geometry. we have excluded
it from our investigation of the acquisition ofsegmental representations.
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[voice] in its representation (that alone ensures that the vocal cords are not active for this

segment)~whereas the phoneme Id! will he specified for the feature [voice].

Much of the work in phonological theory~ and indeed linguistic theory in

general, bas been guided by the presomption tbat the lexicon contains only the

idiosyncratic properties of lexical items and tbat predictable properties are derived

(Chomsky & Halle~ 1968). Thus~ any redundant infonnation (defined as that

information that can he predicted or easily supplied by derivatio~ e.g., syllable

structure) is absent from lexical representations. Within the present framework this

principle is extended to segmental representations in what we will cali Minimally

Contrastive Underspecification (MCU). According to this positio~ a segmental

representation contains ooly the infonnation needed to contrast it from an other

segments in the system. Any further specification will he provided by a system of

phonetic implementation. Anderson and Ewen (1987) adopt similar assumptions within

the framework of DePendency Phonology. MeU also resembles Clements' (1988b)

degree-2 UDderspecificatio~ termed Contrastive Specification, which attempts to

remove redundancy from underlying representations without incuning the undesirable

consequences of more radical models of underspecification (e.g., Archangeli~ 1984,

1988; Pu1leybl~ 1986).

However, MCU differs from Clements' model primarily in rejecting binary

feature values. The features that are in parentheses in the model in (1) are generally not

present in underlying representations of segments but instead are default phonetic

implementations ofunderspecified representations. For example, many linguists believe

that the coronal place of articulation is the universally unmarked place of articulation

(e.g.~ Kean, 1975; papers in Paradis & Prune~ 1991). In tenns of MCU~ this means

that corona1 segments do Dot contain the feature [ColOnaI] in their underlying

representation but receive it through the application of default ruJes (see Avery & Rice~

1989). A language will, however, require coronal segments to he specified for the

feature (Coronal] if that language makes a phonemic contrast based on piace of

articulation within the class of coronaI segments (e.g., alveolar vs. retroflex). Thus,
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which features a segment is specified for depends entirely on what that segment

contrasts with in the particular inventory.

lmportantly, Minimally Contrastive Underspecification refers to a property of

representations, Dot to a process of the grammar . Other theories exisl (most notably

Radical Underspecification, Archangeli, 1984, 1988; Pulleybl~ 1986) in which

underspecification is viewed as an active mechanism by which feature specifications for

segments are operationally reduced to a theoretically defined minimum. In contrast,

MeU maintains ooly that segmental representations contain a1l and only the features

needed to distinguish them from the other segments in the system; moreover, features

are introduced iota a system ooly as they are required to differentiate segments in the

inventory. There is no grammatical operation that '~derspecifies" (or "de-specifies')

segments. Rather, underspecified representations simply never become fully specified

in the phonological component ofthe grammar.

Although Rice & Avery's geometry makes a few departures from the original

models of Feature Geometry that are still widely aceepte~ there are certain properties

that all models of Feature Geometry embody. Such properties include, for example,

dependency and constituency. Dependency relations are represented structurally, such

that the presence of a dependent node (or feature) in the representation of a segment

entails the presence of its superordinate node in that representation. Constituency refers

to the relation that hoIds among features that are dominated by a common node in the

geometry. Sïnce phonological processes manipuIate constituents ofsegmental structure,

the features of a constituent an pattern together in the phonological operations of a

grammar.

With respect to the organization offeatures within the geometry, Rice and Avery

make a distinction between what they cali organizing nodes (referred to by Clements

(1985) as "class nodes') and con/enl nodes (or features). While the organizing nodes

are assumed to he universal, languages differ as to which set of content nodes they

utilize in segmental representations, depending on their phoneme inventory. Rice &

Avery's geometry, like many others, contains separate "branches", each headed by an
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organizing node - Sonorant Voice (SV) and Place (PL). The Sonorant Voice

Organizing Node organizes those features that pertain to sonorancy. The immediate

dependent ofthe SV node is the feature [oral], which is used to contrast oral sonorants

(III and Ir/) from nasaIs. LateraIs and rhotics (Ill vs. Ir/) are then distinguished by the

presence ofthe feature [vocalic], a dependent of [oral], in the representation of rhotics.

Under the Place Node the feature [peripheral] distinguishes all Perlpheral (i.e., nOir

corenaI) segments from coronal segments. This feature will he present in the

representations of bath lkJ and Ipi for example. The feature [Dorsal], below

(peripheral], funher distinguishes the dorsal peripheral segments (1kI & tg/) from the

non-dorsal peripheral segments (/pl & Ib/). Note that the notion of dependency entails

that each of the segments, from It! to !kI increases in what can be called "segmental

complexityn, such that the /tI is the simplest segment containing the least amount of

structure and the !kI is the MOst complex segment containing the greatest amount of

structure.

The hierarchy ofFeature Geometry is assumed to he part ofUniversal Grammar

(UG), 50 that while no one language exploits al1 of the features incorporated in the

geometry, the geometry does represent aIl possible phoneme inventories of natural

language. In this way the feature geometry is a substantive universal which provides

infonnation about what is possible in a language, not about what is impossible. Thus,

rather than constrain a child's hypotheses, the feature geometry contained in UG

comprises the malerial from which the child constructs the segmental representations in

the phonological component ofbis or ber grammar.

2./.2. Acquisition ofSegmental Representations

How do UG and the primary linguistic data interact to produce the phonological

component ofthe adult grammar in general, and segmental representations in particular?

Recent acquisition research bas placed conditions on theories of grammar such that the

proposed adult grammar must he learnable and that the initial state and end state of the

leamer's grammar may not differ substantively (e.g., learnability condition, continuity
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condition: Pinker~ 1984). One of the consequences of these conditions is that children

may not posit phonological representations or operations not present in the adult

grammar of the language that they are acquiring (Ingram, 1989: 24). This is not 10 say

that the immature system cannot differ from the adult syste~ only that the child's

system cannat contain elements different from those found in the adult system. It is weIl

kno~ of course~ that child language frequently appears to have properties quite

different from the adult system that the child is acquiring. For example~ children

acquiring English often exhibit a stage of linguistic development in which they appear to

apply rules of vowel harmony or consonantal hannony (Menn~ 1977, 1978; Vibm~

1978) despite the lack ofevidence consistent with such a rule in the input. Rather than

propose that such a child erroneously hypothesizes a mie that must then he

subsequently '~eamed,'~ we contend that sorne of what appears in child language to

he rule-govemed lingujstic behaviour MaY actually reflect the default operation of

principles and parameters of UG or result from their operation on impoverished

phonological representations.

Thus, child language is not a unique phenomenon in and of itself but rather

reflects an immature state of the emerging grammatical system. In the context of

segmental representations, this means that the representations POsited by the child

during the course ofacquisition will he of the same type as the representations present

in the adult system (Le., feature geometric). Viewing child language in this way

provides a means of inferring the initial state of developing linguistic competence.

Given that phonemes are distinguished from one another within a grammar by their

internaI structure~ the acquisition of a phoneme involves the acquisition of that

structure. Thus, in acquiring a phoneme (or phonemie opposition), the child must

acquire the appropriate hierarchical organization of features to distinguish it from the

rest of the phoneme inventory. A child will bave acquired the phoneme inventory of his

or her language once he or she bas acquired the fully elaborated feature geometry of that

language. How, then, does a child attain the adult feature geometry for the language he

or she is acquiring?
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The mechan/sm by whlch segment.' represent.t/ons are acqulred

Based on Jakobson's (1941) hypothesis that a hierarchical organization of phonemic

oppositions constrains how children acquire a phoneme inventory7 we surmise two

Iogical possibilities for the way in which Feature Geometry might govem this process.

We have formulated these two possibilities as the Pruning Hypothesis and the Building

Hypothesis, which are stated in (2).

•
(2) Pruning Hypothesis: UDiversal Grammar provides the child7 s

emerging grarnmar with a fully elaborated
feature geometry which subsequently retracts or
is "pruned" where the input does not support
phonological contrasts.

Building Hypothesis: Universal Grammar provides the chiId7 s
emerging grammar with only minimal structure
which is further elaborated based on the
deteetion of phonemic contrasts present in the
input.

•

While both of these hypotheses assume Feature Geometry to he a part of Universal

Grammar and bath ensure that the child will arrive at the adult grammar, the

developmental stages that each of them predicts differ considerably. The Pnming

Hypothesis parallels in many respects the strong continuity proposaIs of Hyams (1981)

and Hyams & Wexler (1993) for the acquisition of syntax.. while the Building

Hypothesis resembles the proposais of structure building (Clahsen & Penke, 1992;

Guilfoyle & Noo~ 1992; Radford, 1988).

The diagram in figure 1 i11ustrates the developmental sequences that each

hypothesis entails. The ellipse at the top of the diagram represents the infonnation about

segmental structure that is present in Universal Grammar. Each of the subsequent boxes

represents successive grammars hypothesized by the child.. starting with GI (the initial

state) and ending at Gn (the adult grammar).2

---------

2 Note that we assume the position that properties of UG are transmitted to the emerging
grammary while UG remains intact (Haegem~ 1991; Whitey 1989a). This contrasts with the position
that UG isy itsel( shaped ioto the leamer"s grammar (Chomsky & Lasni~ 1993).
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[t is the intennediary grammars that contrast the two hypotheses: under the Pnming

Hypothesis, the entire geometry is transfened from UG ioto the child's initial state

grammar CGt); once the child notices that bis or her language does not contain a

particular phonemic contrast, the content node that supports that contrast is "pruned'~.

For example, when a child leaming English realizes that velar segments do not contrast

with pharyngeal segments, be or she will remove the structure that supports that

contrast. This process continues until the child does not detect the absence of any other

phonemic contrasts, at which point he or she will have arrived at the adult grarnmar

(Gn). As shown in the diagram in figure l, the feature geometry assumed by the child

-82-



•

•

will get smaller and smaller until it coïncides with the correct adult feature geometry for

that language.

In requiring that children detect the absence of conttasts hetween sets of

segments~ the Pruning Hypothesis seems 10 rely on the child~s sensitivity ta what is DQt

present or possible in the language (i.e.7 negative evidence). According 10 the Subset

Principle (Berwic~ 1985; Wexler & Manzini, 1987) children initially assume the MOst

restrictive grammar consistent with the primary linguistic data available; only in

response to positive evidence do children adopt a less restrictive grammar. It would

appear, the~ that the Pruning Hypothesis should he rejected solely on the grounds that

it violates what we know about acquisition in general, namely that it is accomplished on

the basis of positive evidence alone (Braine7 1971; Brown & Han1o~ 1970). This

hypothesis could he maintained if the process were modified such that when a child

observes that two phonemes are in complementary distribution or in free variation (i.e.,

positive evidence of their non-contrastive nature), he or she removes the strucnue that

differentiates the two segments. However7 aIl of the segments that are not contrastive in

English (or any other language, for that matter) are not necessarily used in free variation

or complementary distribution; sorne ofthem May simply not exist in the language. For

example7 velar segments do not contrast with pharyngeal segments in Englis~ but

neither are they in free variation; pharyngeal segments simply do not exist in English (at

the lexical or phonetic level). Hence7 this formulation ofthe Pruning Hypothesis cannot

guarantee that a child \\ill arrive at the correct adult grammar.

Under the Building Hypothesis7 Universal Grammar supplies only minimal

structure, namely that part of the feature geometry that is manipulated by every natura!

language, to the child~s emerging grammar (GI). This minimal structure is then

elaborated by the chil~ guided by UG, based on the detection of phonemic contrasts in

the input. Thus, for example, when an English child notices that labial segments, such

as /p/, contrast with corona! segments, like It!, he or she will posit the structural element

that distinguishes these two places of articulation. This building process will continue

untiI no more phonemic contrasts are detected, at which point the child will have arrived
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at the adult system. Thus, according to this hypothesis, the child's feature geometry

expands, rather than recedes, until the adult geometry is acquired.

80th the Pnming and the Building hypotheses can he tested experimentally. The

Pruning Hypothesis, which maintains tbat the fully-elaborated feature geometry is

present in the child's grammar from the beginning, predicts that children should I1QI

exhibit consistent stages in the ability to discriminate phonemes in their language. In

fac!, very young cbildren who have not yet begun to prune back their feature geometries

should he able to phonologically discriminate non-native sounds in addition to those

sounds contained in the inventory of the language they are acquiring. The Building

Hypothesis, in contrast, predicts that children will only he able to phonologically

discriminate those segments for which there is structure in their emerging feature

geometries to differentiate. In other words, there should he discrete stages in a child's

increasing ability to discriminate native sounds phonologicalIy, as the chiId develops bis

or her phonological representations.3

Despite the objections raised above, the Pruning Hypothesis bas received

apparent empirical support from studies conducted on the ability of young infants to

acoustically discriminate speech sounds. Research by Eimas, Siqueland, Jusczyk &

Vigorito (1971), Kuhl (1979), Repp (1984) and Werker, Gilbert, Humphrey & Tees

(1981) among others, bas shown that infants as young as one month of age are able to

acoustically discriminate all of the sounds of their native language, in much the same

way as adult speakers of that language (Le., categorically). This suggests that infants

are able to sort acoUStÎc variants of adult phonemes into sorne kind of category with

relatively limited exposure to speech. Perhaps even more striking is the fact that these

infants have been shown to possess the ability to discriminate many non-native speech

sounds (Le., sounds not present in the ambient language) (Astin, Pisoni, Hennessy &

Perry, 1981; Eilers, Olier & Gavin, 1978; Streeter, 1976; Trehub, 1976) suggesting

3 A further prediction, which is not 50 easily tested experimentally, is that no child should
phonologically discriminate sounds not present in the input language. This predic:tion folloW5 from the
fact that the feature geometJ'y is elaborated based on the of detection of contrastive use only. If a child
never hears two segments used contrastively, then there will he no impetus for him or her to add the
relevant structure to his or her underlying feature geometry that would enable him or her to distinguish
those two segments phonologically.
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that the ability to acoustically discriminate speech sounds is, in f~ innate (Eimas et

al., 1971). A decline in the ability to discriminate non-native contrasts is then observed

between six and twelve months, while the ability to discriminate conttasts that are part

of the native language remains (Tees & Werker, 1984; Werker & Lalonde, 1988;

Werker & Po~ 1993; Werker & Tees, 1984a). Werker and her colleagues conclude

from these findings that the decline in the ability 10 discriminate non-native phonetic

contrasts occurs within the first year of life, just as the phonologieal system begins 10

develop.4 Thus, it appears that while the ability to discriminate the potential phoneme

contrasts ofail languages is present alb~ specifie linguistic experience is necessary

in order to maintain this phonetic discrimination ability.

Although the developmental stages in the ability 10 acoustically discriminate

speech sounds - from ail sounds to only native sounds - appear to he consistent with

precisely those predicted by the Pruning Hypothesis, it is important to consider exactly

what type of knowledge these infant perception studies demonstrate. We will argue

below, in the context of our own experimental results, that the findings from infant

speech perception research do not constitute evidence ofphon%gical development, but

rather phonetic development. Consequently, it is doubtful that these findings are

relevant to the distinction being made here between the pnming and building of

phonological structure.

The Building Hypothesis appears to have received some empirical support from

experimental research on the development of child.ren's productive phonologîcal

abilities. Studies have frequently reported a graduai emergence of speech sounds in the

segmental repenoires among young children. Early child speech eonsistently contains

stops before fricatives, front segments before back segments and glides before liquids

(Ferguson, 1978; Ingram, 1978, 1979). More recent acquisition research by Fee (1992)

in addition to theoretical research by Rice & Avery (1991a, 1995) aIse support the

Building Hypothesis. Rice & Avery (1991) have developed a theory of how phoneme

---_.- ------

4 Brown (ta appear b) suggests that the very construction of segmental representations is
responsible for the decline in infants' ability to discriminate non-native contrasts. The implications of
this decline in perception for second language acquisition are aIso discussed.
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inventories of languages are built up diachronically, while Fee (1992) bas shown that

the order in which children acquire the Hungarian vowel system reflects a systematic

"buildingn process. The findings of Levelt (1992) for Dutch and Scullen (1992) for

French also support this position. These spontaneous production data are not strong

evidence for the Building Hypothesis, however, since they may reflect children's

preferences rather than their full capabilities.

Research examining the comprehension abilities of young children bas also

provided evidence of their developing capacities to distinguish members of sorne

contrasts before others (Batton, 1976; Edwards, 1974; Gamica, 1971, 1973;

Shvac~ 1948). These studies typically measure children's abilities to distinguish

phonemic contrasts by means ofa forced choice selection paradigm in which the child is

asked to select an item (or picture) out of an array of items (two or three) that differ

minimally from each other. Although these studies do assess the child's phonological

knowledge - selection of the correct items requires that the child rely on an adequate

internaI phonemic representation to accurately perform the task - their results (in

particular, the orders of acquisition they report) have been undermined by

methodological, statistical and eXPerimental design problems (see Barton, 1980, for a

critique of this literature). Thus, the existing experimental data does not provide

conclusive evidence in favor of either pruning or building; the experiment reported

below tests these two hypotheses directly.

Feature geometrlc con.tralnt. on th. mechanl.m of segmenta' acquisition

Before we examine the experimental evidence, however, we might refine the Pnming

and Building Hypltheses, 50 that they make stronger and~ therefore, more easily

falsifiable predictions for acquisition. While both of these hypotheses maintain that

retraetion or elaboration of structure will occur monotonically~ neither hypothesis

dictates that these adjustments will accur in any particular order, either within a given

child or across children. Yet, if we take seriously the issues of learnability and

continuity, then the phonological structure posited in the child~s grammar must retlect
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the organization offeature geornetry in UG. Thus, by taking the fuodamental properties

of Feature Geometry mto accoun~ we can further constrain the way in wbich the

emerging segmental representations are either retracted or elaborated. Although the

principles of feature geometry apply equal1y to the Pruning and Building Hypotheses,

for ease of exposition, we will ooly outline the implications of these principles for the

Building Hypothesis (the converse ofthese statements will cbaracterize the implications

for the Pruning Hypothesis).

The notion ofdependency requires that superordinate structure he posited in the

child's grammar before dependent structure can he elaborated. This entails that there is a

unique pathway of elaboration within a given Organizing Node: the child must add

structure to an Organizing Node in bis or ber grarnmar in the order specified in UG

(Rice & Avery, (995). For example.. the peripheral feature (which distinguishes fpl

from ft/) must he acquired hefore its dependent the Dorsal feature (which distinguishes

/pl from lkI) cao he acquired. Thus, this notion of dependency strengthens the Building

and Pruning Hypotheses by requiring that ifthere is an observable order to acquisition,

it will he from unmarked 10 marked.S That is, simple segments will he acquired hefore

structurally complex segments.

The notion of constituency, however.. does allow for sorne variability in the

arder ofacquisition across children. Although constituency requires that features within

a given Organizing Node pattern together, Organizing Nades remain autonomous with

respect to one another. Given this autonomy, a child may selectively elaborate structure

within any one of the~ two of them or alI of them simultaneously (Rice & Avery,

1995). Hence, if a child is first sensitive to the contrasting places of articulation of

phonemes in the input (e.g., ftJ from /p/), he or she can begin to POsit structure within

the Place Node. Altematively, another child may first detect differences in the

S When we order "unmarked" before "mark~" there is no implicit claim that this order of
acquisition must he observ~ only that if an order is observe<L it will be from unmarked to marked
(White, 1989b). We say "observable order of acquisition" here bccause il May be the case that a child
acquires the feature geometry before he or she is old enough to be tested by the means currendy
available. AItematively, a child May deteet the difference betwcen two marked segments, say, {pl and
lkJ right away. building the relevant structure to differentiate these two segments. At the same lime,
however, the structure necessary to distinguish It! from {pl and It! from lkI would have been construeted
in the process. In both ofthese cases, no order ofacquisition would he directly observable.
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sonorancy ofphonemes in the input (e.g.9It! from ln/) and elaborate the structure under

the Sonorant Voice Node necessary to capture those contrasts. Thus9 while the child is

constrained as ta the way in wbich he or she elaborates a particular Organizing Node9

he or she bas the freedom ta elaborate structure undemeath one Organizing Node before

another9dePending on what contrasts he or she initially detects in the input.

While the notions of dependency and constituency ensure that there will he a

consisten~ yet slightly variable9order of acquisition across childre~ the precise order

in which phonemic contrasts will be acquired depends.. of course.. on the particular

hierarchy (i.e.9 feature geometry) one assumes. For the purposes of our eXPerimental

studY9 we assume Rice & Avery9s (1995) model of feature geometry9 which bas been

motivated in part to account for the development of phonemic inventories. The

principles of feature geometry9in conjunction with Rice & Avery9s geometry9outlined

above in (1), predict the order ofphoneme acquisition given in (3).

(3) SODOrancy
1 sonorants vs. obstruents
2 nasal vs. oral sonorants
3 laterals vs. rhotics

fliG
1 coronal vs. non-coronals
2 labials vs. velars

•
Sïnce the Sonorant Voice (SV) and Place (PL) Organizing nodes may he elaborated

independently by the child., this model makes no predictions for the arder of acquisition

of sonorancy and place contrasts with respect to one another.

It should he noted tha~ hecause the Building Hypothesis bas been developed

from Jakobson's developmental theory of phonemic oppositions, it shares with that

theory the characteristic ofactually comprising two components: a theory of acquisition

and a particular hierarchy of features. Although the two components are relate<L il is

crucial ta consider (and evaluate) them separately. The acquisition component consists

of claims about what the acquisition process entails (i.e., that it is a building process)

and how the process proceeds (i.e.~ on the basis of positive evidence and in a uniform

order). These claims about acquisition, while wholly dependent on the theory of

Feature Geometry. are independent of any particular geometry. The exact arder of
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acquisition predicted, however, is dependent on a particular feature geometry. The

foUowing experimental study investigates both components ofthis proposai.

2.2 Experimental study

2.2./. Rationale

As with any experimental acquisition study~ how best to tap the leamer's underlying

competence is an important (and challenging) issue. There are two types of data that

might he used to evaluate the proposai that Feature Geometry constrains the acquisition

of phonemic contrasts. Production data would provide clear evidence that a child bas

acquired sufficient underlYing structure to represent a given contrast when the child

accurately and consistently produces the phonetic contrast that represents the underlying

phonemic contrast. Unfortunately, a child might inaccurately produce a certain segment

despite an adequate underlYing phonological representation of that segment for reasons

quite separate from the child's emerging phonology (e.g., the demands ofthe necessary

articulatory gesture). We might mistakenly attribute less structure to a child's

underlying phonological competence than he or she really bas, based on the absence of

a particular conttast from the child's production. By underestimating a child's

phonological competence, data consistent with the Pruning Hypothesis might he

erroneously interpreted to support the Building Hypothesis.

Comprehension data provide a similar opportunity to demonstrate that a child

bas developed sufficient underlying structure to support a phonemic contrast. If a child

accurately and consistently distinguishes the two sounds of a phonemic contrast in

comprehension, then we would argue that the child bas the structure necessary to

represent that conttast. FUI1hermore, ifa child treats two segments as non-distinct, then

we would argue that the child's underlying phonological representation is impoverished

in such a way as to not contain adequate structure to distinguish the two sounds as

separate phonemes.6 Data from the comprehension abilities ofchildren are taken to he a

6 Ofcourse, one way to increase the certainty that a child who fails to discriminate a phonemic
contrast in comprehension truly lacks the relevant phonologicaJ sbUcture would be to incorporate an
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more accurate indication of the underlying competence than production abilities

precisely because fewer peripberal performance systems intervene which might obscure

the data coUected. It mUS4 of course, he recognized that the mechanisms of

comprehension are no less part of linguistic perfonnance than are mechanisms of

production, and it is likely that the perceptual capacities of the learner must he

sufficiently developed in order for phonological development to proceed. Nevertheles~

with the two alternatives of comprehension and production tasks, we favor the

comprehension task which we believe to have fewer potential confounds to obscure the

child'5 underlying competence. An additional advantage ofa comprehension task is that

pre-verbal children May he tested; testÎng very young children is important in order 10

catch the earliest stages of phonological developmen~ ancL in fac~ many of our OWD

subjects were pre-verbal. Therefore, we have designed a comprehension task which

assesses a child's ability to use his or her underlying phonological representations 10

distinguish phonemic contrasts present in the language that the child is acquiring.

2.2.2. Method

SUbJ.crs

Eighteen children who range in age from 1;3 years to 2;4 years (mean age = 1; Il years)

participated in the study. Seventeen of the eighteen children attended a daycare facility

where their participation in the study was made part of the unstructured play time,

contingent upon parental pennission. The eighteenth child was tested in a similar

playtime environment al home. AU child.ren were equally familiar with the

experimenters, who had been included in playtime activities for more than two weeks

prior to the start of testing. This was done in order to reduce effects of shyness or

anxiety in the actual testing session which might have depressed individual scores.

elicitation task inta the paradigme Ifa child could demonstrate the ability to accurately and cODSistently
produce a particular contrast despite unsuccessful perfonnance on the same contrast in our pieture
selection tas~ then our comprehension task could be shown to be underestimating the chïld's
competence. Unfortunately, then:: is a limitation to the incorporation of a production task as many of
the subjeets included in this type of study (including our own) are pre·verbal. Nevenheless. our
prediction would be that no child could produce a phonemic contrast consistentJy if he or she failed to
discriminate that contrast perceptually.
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Although eight of the children were simultaneously acquiring another language in

addition to Englis~ the phonological contrasts under investigation in this study are

present in each ofthe other languages. In most cases the children bad one parent whose

native language was English and one whose native language was Chinese, French,

Greek or Hindi. Ali of them are exposed uniquely to English in the daycare

environmenl

Mat.riaIs

Each stimulus item contained an anay ofthree color pictures (see Appendix A).7 The

names ofall of the pictured items used in the test were single CV or CVC syUables. The

names oftwo of the three items in an array constituted minimal pairs which differed

only in their onset consonants.! The name ofthe third item differed maximally from the

other two; the onset consonant differed in place of articulation and/or sonorancy from

both of the ather items in the array as did the vowel quality whenever possible. Each

array was presented with a verbal cue that corresponded to one ofthe three pictures.

The experimental stimuli included six groups often picture arrays (for a total of

sixty items). Each member of a group represented a phonemic contrast that can he

captured by anode within the Rice & Avery geometry. For example, there were ten

stimuli containing minimal pairs that contrasted velar from labial onsets, a contras! that

requires a Dorsal Node in the underlying feature geometry. The contrasts examined in

our study are listed in (4) along with the node needed to phonologically distinguish each

contrast and an example ofthe contrast that was used in the test (see Appendix B for a

complete list ofstimuli).

7 The materials used in stimuli preparation for the pieture test reported here were adapted from the
Bilingual Aphasia Test (Paradis & Libben. 1987).

8 Care was taken to vary the vowel quality across the different minimal pairs as much as possible.
Unfortunately. due to the pradical limitations of fmding minimal pairs that were bath picturable and
familiar to young childre~ there is an asymmetry in the vowel quality of our stimuli: the stimuli
contain 19 minimal pairs that contain front vowels versus Il pairs that conmin a back vowel (the
stimuli were relatively equal with respect to vowel hcight and tenseness). Although an analysis of our
data with this asymmetry in mind indicates that it docs not skew our results. future experimental
designs should be careful to include equaJ numbers of the different vowel types.
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(4) Experimental items:
sonorant vs. non-sonorant contrasts
nasal sonorant vs. oral sonorant eontrasts
vocalic sonorant vs. lateraI sonorant contrasts
coronaI vs. labial contrasts
coronal vs. velar contrasts
labial vs. velar contrasts

~

SV
Oral
Vocalic
Peripheral
Peripheral
Dorsal

Example
nail-tail
night-light
rock-/ock
do//-balI
tea-/cey
boat-goat

•

•

The order of thirty test triads (Le., minimal pairs) was pseudo-random. Ifany

sequence of three identica1 conttasts occurred after randomly ordering the items, we

separated the third item from the other two. The same arder was then repeated for the

second halfofthe test (hence, a total ofsixty test items). Each occurrence ofa particuIar

triad was presented with a different verbal eue and each time in a different spatial

arrangemenL Every tenth stimulus item was foUowed by an anay in which the verbal

eue corresponded ta the foil (Le., neither member of the minimal pair). This was done

to ensure that the ehild was attending to the task.

There were three possible responses for each stimulus item: correct (the correct

picture), error (the contrast) or foil. In order to avoid any biases for position on the

card, twenty items had the correct picture in the left positio~ twenty were in the center

position and twenty in the rigbt position. Likewise, the error picture and the foil each

oceurred twenty times in each of the three positions. The order of sixty picture arrays

was reversed for a second test version to control for potential fatigue factors. Each test

version was presented to nine of the eighteen subjects.

A training book was constructed which included every picture that appears in

the experimental test. However, in this series each picture occurs in isolation (Le., one

to a page). The day before testing, each child went through a training session in which

he or she saw each picture and heard the appropriate corresponding verbal eue. This

was done in arder to minimize the possibility that a child might make an error during

testing simply due to bis or her unfamiliarity with our particular illustration ofan item.

Procedure

Children completed a forced cboice picture selection task. Each experimental session

included two experimenters; one sat behind the child or beld the child on bis or ber lap
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while the other was plsitioned in front of the child. The experimenter in front of the

ehild engaged the ehild's attention and focused him or ber on the book ofstimulus cards

positioned. between them. The same experimenter ensured that the child scanned the

entire array of pictures by painting to each one and monitoring the child's gaze. The

experimenter behind the ehild then produced the verbal eue and recorded the ehild's

selection. The child heard "Point to the }C' or "Show me the }C' or "Where's the X" up

to four times as needed by the ehild in order to make a selection. This set-up was used

to minirnize the chance that a child might detect visual eues that might aid in the

identification of labials but not other segments, thus potentially inflating their

performance on labials for reasons independent of the phonological system. Testing

was stopped for the day if: (a) a ehild skipped three consecutive stimulus items, (h) a

child showed other signs of decreased attention or (c) the child selected the wrong

picture in an anay in which the verbal eue corresponded to the foil. The sixty items

were completed over the course of two to three consecutive days.

2.2.3. Results

•
The overa.ll perfonnance ofeach ofthe eighteen child.ren is illustrated in figure 2. Each

band across the graph corresponds to each conttast tested and is identified by the node

underlying the contrast.

FIGURE 2
Overall performance on ail contrasts

sv

60
Law Mid High

50 Dorsal

40 Periph (0)

30
Periph (l)..
Vocalic
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Oral
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SUBJECTS

Dorsal =labial vs. velar contrast
Periph (0) =corona' vs. velar contrast
Periph (L) = coronal vs. labial contrast

Vocalic =lateral vs. vocalic sonorant contrast
Oral = nasal vs. oral sonorant contrast
SV =sonorant vs. obstruent contrast
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At-test revealed no significant difference in overall perfonnance due to test version, t

(16) = -.769, P >.05. This is true not only of overaIl performance but bolds of

performance oneach individual contrastas weIl. A second t-test was performed on the

performance of bilingual cbildren versus unilingual child.ren. Aga.ïn. there was no

significant difference for overali performance, t (16) = -1.612, P >.05, or performance

on each contrast. The scores ofthe bilingual children and unilingual cbildren are evenly

distributed across the tbree performance Ievels: low, mi<L high. We have, therefore,

pooled the results from aIl of the children for our analysis of the data.

b Nod b
TABLE 1

S b' P l'fi Su ~ect e ormance cores »y efl.

SONORANT PLACE
SubjectC Ag& SV Oral Vocalic Periph Periph Dorsal TOTAL

(L) (D)

1 19 5 6 4 4 5 5 29
2- 15 5 9 6 6 5 4 35
3- 22 6 9 6 5 6 6 38
4 27 5 7 7 7 6 8 40
5 20 8 8 8 8 6 5 43
6- 26 7 8 7 6 7 9 44
7 21 8 8 7 9 5 8 45
S- 23 8 9 7 6 7 8 45
9 29 8 6 8 10 7 6 45

10- 2S 5 9 7 7 7 10 45
Il 23 6 8 8 9 8 8 47
12- 21 7 9 9 8 8 9 50
13- 21 10 9 7 7 7 10 50
14- 29 9 10 9 5 7 10 50
15- 20 8 9 9 8 7 10 51
16- 28 8 10 8 9 8 8 51
17- 21 9 9 8 9 7 10 52
lS- 28 10 10 10 8 8 9 55

•

• a Each score represents subjectsy number ofcorrect responses out often triaIs.
b Bolded scores indieate suc:cessfid performance per our criterion (see text).
C Asterisks indieate subjects whose perfonnance violates an order predie:ted by

Rice &. AveryY5 geometry.
d Ages are reponed in montbs.

In addition, we found no significant correlation between overaII performance and age, r

= .416, P > .05. This cao he seen in a comparison of age and performance totaIs in

Table 1; for example, subject 4, who performed below criterion on ail but one contrast,

is twenty-seven months old, whiJe subject 15, whose performance is near perfeet, is

only twenty months old.
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Perfect perfonnance on aIl test items would produce a score of 60. A score of

30 would reflect chance perfonnance. Although the child selects one pieture from an

array of three, the actual choice is made between the minimal pair when the child is

attending to the task. The foil is not an equally likely candidate when the child is making

a selection in response to a verbal eue that shares no segments with the name ofthe foil.

The graph in figure 2 illustrates the significant variation in overall performance across

individual subjects.9 The lowest scoring subjects performed al chance (29-39 out of 60)

whereas the highest scoring subjects were al near perfectperformance levels (50-SS out

of 60).

The overall performance ofeach child does not provide sufficient infonnation to

determine whether certain contrasts are acquired before others. Furthermore,

comparisons ofgroups would prove equaUy inadequate. Although members of a group

have similar overall scores, their performance on individual contrasts might ditfer

considerably. A child who perfonns perfectly on place contrasts but at chance on

sonorant contrasts would attain an overall score very similar to a child who performs

perfectIy on sonorant contrasts but at chance 00 the place contrasts. Therefore, each

chiId's performance 00 each individual cootrast must he studied independently. Table 1

lists the scores for each child on each contrast measured.

We have set the score of 8 to he our critenon for successful performance on a

particuJar contrast. Based on a standard binomial distribution, the probability that an

individuai could correctly choose between two equally likely choices 8 times out of 10

by random guessing is under S% (Richmond, 1964).10 We infer that if a child can

9 Based on their overall performance~ the children cao he grouped into three distinct groups:

Subject groups: Low 35.5/60 (group Mean) Significant difference in perfonnance
Mid 44.9/60 between ail groups (p =.000 1)
High 51.3/60

However, we retiain &om making an argument based on the signifiant differences between the mean
scores ofthese groups prec:isely because they are grouped based on their perfonnance. Nevenheless, it
is quite clear that the pool of 18 subjects does not constitute a homogeneous population with respcc:t ta
the ability to discriminate all ofthe phonemes.

10 Banon (1975) argues for the use of an even more stringent criterion (9/10) to establish that a
child bas successfully acquired a phonemic contrast. Based on a statistical fonnula for computing the
likelihood that a particular score could be auained by random guessin~ he claims that the probability
that a child could malee a Come( choice 8 out of 10 trials actually falls above the S% error range
generally accepted for experimental studies in developmenraJ psycholinguistics. We have condueted a
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accurately distinguish minimal pairs that differ by only a single feature in a single

syllable position 8 times out of 10, then he or she has sufficient underlying structure

encoded in the emerging phonology to represent the contrast.1 1

Figure 3 contains the performance profile of an individual child from the Low

group. Each bar corresponds to the child's performance on contrasts distinguished by a

particular Dode within the Rice & Avery feature geometry. It is clear from this graph

that the chance perfonnance indicated by the overall score truly reflects the sum of

chance performances on each contrast type tested. Only one subject in our study

(subject 1) was tested at this early stage ofphonological development.

•

•
In contrast to the perfonnance illustrated in figure 39 children who scored at near

perfect overall performance levels demonstrate abilities to distinguish phoneme

contrasts that rely on a variety of different nodes within the feature geometry. The

performance of an individual child depicted in figure 4 shows evidence that he or she

bas mastered ail of the contrasts within the class of sonorants as weil as the place

cootrasts. The asterisks in this figure and those that foUow indicate a contrast on which

second complete data analysis using 9 out of la as the criterion for successful performance. Although
severai chiidren are ascribed lesser discrimination abilities under the strieter performance criterio~ there
was no effec:t on the orders in which contrasts were acquired. Since this influence has no effect on our
arguments, we report our results based on the Icss conservative criterion.

1 1 Moreover, whilc it may bc valid to establish a threshold at which we CM infer with relative
cenainty that a phonemic contrast has been acquire~ it is Dot equally valid to interpret any sub
threshold perfonnance as indicative that a contrast bas not been acquired. ln particular, the difference
between a score of7 out of 10 and a score of8 out of 10 might retlect the difference between a contrast
that has not yet been acquired and one that has, but this cannot he detennined conclusively based on
scores that differ by a single error.
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the child bas met the criterion for successful perfonnance. Five children exhibited near

adult-like performance in which they reached criterion on al least five of the six

contrasts tested (subjects 12~ 15, 16, 17, 18). For those who did not reach criterion on

aIl six contrasts, it was either the coronaJ/velar contrast or the sonorantlobstruent

contrast that had not yet been mastered. These contrasts were consistently observed to

develop later than others across children who demonstrated differential capabilities for

different phonemic contrasts.
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FIGURE ~

Performance of child with near-adult feature geometry (G ~1)
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Although the perfonnance profiles illustrated in figures 3 and 4 argue strongly

in favor of the Building Hypothesis and against the Pruning Hypothesis, they are

relatively uninformative with respect to assessing the daim that the order of acquisition

follows from the organization of the feature geometry. The appropriate evidence that

would SPeak to this issue cao only come from children who have differential abilities in

distinguishing phonemic contrasts of the input language (Le., children in our Mid

overall perfonnance group). Despite the quantitative similarities in the overaU scores of

children in the Mid group, their performance on SPeCific contrasts is qualitatively quite

distinct. The perfonnance of two children cao he characterized by profiles like the one

in figure 5 (subjects 2, 3). Such a child has clearly developed sufficient underlying

structure to distinguish nasal from oral $Onorants, yet he or she perfonned within the

range predicted by chance on ail other contrasts - including the sonorant-Qbstruent

contrast which is subserved by Rice & Avery's SV node. The emergence of the

nasal/oral sonorant contrast before the $Onorant/obstruent contrast (an order that
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contradicts the predictions of the Rice & Avery geometry) occurs in every child who

performs to criterion on only one ofthem (subjects 2, 3, 6, 10).

en
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FIGURE 5

TypicaJ performance on Sonorant contrasts
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The same type ofvariable abilities is found among the place contrasts. The data

in figure 6 illustrate the performance ofa child who bas acquired ooly enough structure

to represent the labial/velar contrast. On every other contrast teste~ this child performed

within the range of chance. While ooly one child exhibits this ability to distinguish

segments based on place of articulation but not based on sonorancy (subject 4), six

children demonstrate the ability to discriminate labials from velars despite the inability to

accurately distinguish either labials or velars from coronals (subjects 4, 6, 8, 10, 13,

14). Two other children accurately distinguished labials from caronals without reaching

criterion on either ofthe other two place contrasts (subjects 5, 9), whereas none of the

children ever reached criterion on the coronallvelar contrast without having attained that

level of perfonnance on all of the place contrasts.

FIGURE'

Typical performance on Place contrasts
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The autonomy of Organizing Nades provides two alternative leaming Paths,

thereby allowing for variability across children in the elaboration of their phonemie

inventories. One child might first elaborate structure within the Sonorant Voice

Organizing Node (figure 5}, while another child might begin by elaborating structure

within the Place Organizing Node (figure 6). In fac~ it is possible that a child might

elaborate structure both within the Sonorant Voice Dode and within the Place node

•

without having completely elaborated either one. Figure 7 illustrates precisely this type

ofbehaviour. Within the place contrasts, such a child bas acquired sufficient structure

to underlie the Iabiallvelar contrast but neither the labial/coronal nor the velar/coronal

contrast. At the sante time, the child bas developed the structure necessary to

distinguish nasal from oral sonorants but neither sonorants from obstruents nor oral

sonorants from vocalie sonorants (i.e., laterals from rhoties). It is important to note that

the first contrasts to emerge within each organizing node for this child are the same as

those reported above (figures 5 and 6) for children who have elaborated structlU'e under

only one Organizing Node. Six children perform to criterion on ooly one or two of the

contrasts within both Organizing Nades demonstrating concurrent elaboration of

structure within separate branches of the geometry (subjects 6, 7, 8, 9, 10, 13).

FIGURE 7

Concurrent elaboration of Place and Sonorant structure
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In order to ensure that poor performance was Dot due to difficulty with

partieular stimulus items, wc examined the performance on individual items. Difficulty

with a particular item might he caused either by a ehild's inability to recognize the

specifie pictorial representation of the item or by a general laek of familiarity with the
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item (i.e., lack of a lexical representation). This difficulty shouid he retlected in the

children's avoidance ofthe given item. There was no single item that was consistently

avoided by ail of the children (nor was there any item that ail children, regardless of

their phoDological development, accurately cbose).1 2 Therefore, we conclude that our

results are not skewed by bad stimulus items.

The training session was intended 10 familiarize each of the children with all of

our stimuli as well as with our particular representations ofthose stimuli. The children's

performance on some of the generally less familiar items suggests that this training

session was indeed successful. For example, the item hait, whose pictwe consisted of a

worm on a book, was correctly chosen 72% of the time. Based on this type of

performance, we feel confident that the training session provided adequate exposure to

both the stimuli items and their pictorial representations.

To summarize, our data suggest the order ofacquisition in (5).

•

(5) a) SONORANTS:
no contrast (2)

1
oral vs. nasal sonorants (4)

lateral vs. voca1ic~rant vs. obstruent (3)
1 1

sonorant vs. obstruent (6) lateral vs. vocalic

b) PLACE:
no contrast (3)

labial vs. velar(~bial vs. coronal (2)
1 1

labial vs. velar labial vs. coronal
labial vs. corona! (3) labial vs. velar

----------coronal vs. velar (4)
labial vs. coronal

labial vs. velar

stage 0

stage 1

stage]

stageJ

stage 0

stage 1

stage]

stageJ

12 The item cq:ae, prcsented in contrast to tope, was only correctly chosen 22% of me time,
suggesting mat it might have been problernatic for sorne children. However, we must keep in mind
that this item involves a contrast between coronals and velars, which is one ofthe latest contrasts ta be
acquired. If childrcn lack the relevant structure ta diffen:ntiate two items, then their choice may be
influenced by sorne extralinguistic factor (for instance, lape is surely more salient to a toddler than~
). In contrast, ifthe child does have the necessary phonological structure, the choice between two items
should be made solely on the basis ofphonological representations, cf. accurate perfonnance on hait vs.
gate.. Moreover, cq:ae is a single item; ifa child performed correctly on the remaining items wilhin that
contrast, acquisition ofthat contrast would have been attributed to him or her. However, mis is Dot me
case; we fmd that performance on the other items involving this contrast reflect random choiccs.
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As the diagram in (Sa) illustrates for sonorancy, two children failed to distinguish any

ofthe phonemic oppositions tested. The first sonorant contrast 10 he acquired is oral vs.

nasal sonorants (stage 1). At the next stage, children appear to bave a choice. They may

either add the lateraI vs. vocalic contrast (2 children) or the sonorant vs. obstruent

contrast (3 children). By stage 3, children have the ability to discriminate ail of the

phonemic oppositions we tested (6 children). The diagram in (Sb) illustrates the pattern

of development within the place contrasts. Note that no child was able to distinguish

coronal segments from velar segments, suggesting that this contrast is one of the last to

he acquired.

2.3 Discussion

The Pruning Hypothesis and the Building Hypothesis make the same assumptions

about the nature of segmental information contained in UG and the shape of

phonological representations in the adult grammar. However, they make opposite

daims about the acquisition process and therefore opposite predictions about the interim

states of the emerging phonology. According to the Pruning Hypothesis, children

should distinguish native phonemic contrasts in their grammar from the very first stages

of language development. Vnder the Building Hypothesis, we would expect that

children will he unable to discriminate phonemic contrasts at the initial stages of

language acquisition and that this ability will gradually improve over the course of

acquisition.

We presented children with a forced choice picture selection task in which they

were required to discriminate between minimal pairs in order to successfully perform

the task. The children varied significantly in their abilities to accurately and consistently

discriminate phonemic contrasts. Out of60 trials, the number of correct choices ranged

from 29 (48%) ta 55 (92%). Among the subjects in this study, there was one who did

not reach criterion on any of the contrasts measured, some who attained near perfect

performance on all contrasts, and some who demonstrated abilities to distinguish some,

though not ail, of the contrasts. Based on these results, we conclude !hat our findings

-101-



•

•

refute the Pnming Hypothesis and maintain that they support the Building Hypothesis.

In fac~ the finding that some children are capable of distinguishing all of the contrasts

under exarnination while others are unable ta discriminate any of them is enough to

indicate that this capacity is not present from the initial stages of phonological

developmeot.

One might argue instead that these results indicate that our task may be too

difficult for some of the chi1dre~ thereby causing them to perform poorly for reasons

quite independent of an impoverished grammatical competence. However, there is

reason ta believe that task difficulty is oot confounding our results. With the exception

of the poorest performer, the ehildren in our study "found the task difficulf' only for

certain cootrasts. It would he surprising to find that the difficulty in performing a task

that is beyond a group's cognitive capacity is restricted to a specifie set of stimuli.

Furthennore, the inclusion ofa foil in the selection anay provides a means of detecting

if a child is oot "on task". The absence of foils chosen in the data we collected (even

from the poorest perfonner) suggests that the children were~ in fac~ attending ta, and

therefore capable ofperforming, the task.

We eonsidered the fact that the developmental sequences observed in the infant

speech perception studies appear to reflect those predicted by the Pruning Hyplthesis.

By requiring infants simply to indicate deteetion of a change in the segmental make-up

of the speech stream, the perception studies indicate that infants cao hear the difference

between the acoustic properties ofdifferent speech sounds. These studies further show

that through continued exposure to a particular language, this acoustic (or phonetic)

capacity gradually abates such that a child ultimately perceives ooly those contrasts that

are part of the language being acquired. However, we would like ta argue tbat the

perceptual capacities required to accomplish the tasks used in these kinds of studies do

not rely on phonological representations. Kuhl & Miller (1975) and Kuhl & Padden

(1983) suggest that the ability to discriminate speech sounds is Dot unique ta humans.

Both chinchillas and macaques have been shown to be sensitive ta phonetic boundaries

in their acoustic discrimination of sounds, just as humans are (for the voieed-voiceless
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conttast and place contrasts, respectively). This seriously undermines the potential

daim that the ability of infants ta discriminate sounds is based on some internaI

phonological representation (i.e.~ grammatical competence).1 3

Moreover, according to the Pruning Hypothesis, infants begin with a fully

elaborated system ofphonological structure which is pruned back where the input does

not contain contrasts that would require the full structure to support distinct

representations. Ifthe decline in infant speech perception capacities is taken as evidence

to support this hypothesis, then individuals with developed phonological systems

should never he able to perceive any contrast not present in the native language.

However, it bas been demonstrated that four-year ol~ as weil as adult, native speakers

of English retain the ability to discriminate cenain non-native contrasts (for example,

plosives vs. implosives, prevoiced vs. voiced stops, lateral vs. palatal clicks) despite

their absence from the English inventory (Best, McRobens & Sithole, 1988; Bond &

Adamescu, 1979; Bumbam, Eamshaw & Clark, 1986).

One role of segmental representations in the phonological component of the

grammar is to distinguish lexical items from one another, thereby signaling differences

in meaning. No such difference in meaning is ever supported in English by contrasts

among the set ofnon-native sounds mentioned above. There is, therefore~ no reason to

suppose that the phonologjcal system of English would include the segmental structure

that underlies the representation of these non-native contrasts. Consequently, whatever

mechanisms are available that permit the four-year old and adult English speakers to

discriminate tbese non-native sounds. they do not depend upon phonological

representations for those segments.14 Similarly, there is no evidence that the

performance ofthis same type ofdiscrimination among infants would rely on properties

13 We must, ofcourse, he carcful not to equate the infants' speech perception abilities with those
of the non-humans: there are at least quantitative differences (e.g., number of nials required ta reach
criterion) between the infants· and non-human species' performance on these wks. However, the ability
ofnon-human species to discriminate speech soumis without the henefit ofphonologicaJ representations
suggests that infants too do not rely on phonological representations to discriminate speech soumis.

14 See Brown (to appear a. b. c) for a theory which accounts for the adult speech perception of
non-native contrasts in terms of the phonologicalfeatures utilized in the LI grammar (sec aIso Wode,
1992. and Flege, 1992, for discussion of non-native speech perception in terms of LI phonological
categories).
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ofdeveloping phonological representations.

Thus, the ability to acoustically discriminate two sounds is independent of the

ehild's pbonological representations (if any) of those two sounds. Some researcbers

believe that while speech processing may he specialized in adults, it is better explained

by general auditory mechanisms in infants (Studdert-Kennedy, 1986). This latter

position draws a c1ear distinction between infants' discrimination abilities and their

emerging phonological systems. Henee, while we recognize the importance of the

infant perception studies, we do not believe that their findings retlect the development

of a phonological system. In contrast, by requiring cbildren to distinguish between

representations based on a single verbal eue, our experimental technique forces children

to rely on their developing segmental representations and phonological properties of

their developing gramnJar. With suflicient exposure to linguistic input, this

phonological ability to make such distinctions expands to include aIl of the contrasts

contained in the language being acquired.

We have argued that a child's inability ta discriminate eertain phonemic

contrasts demonsttates that bis or her grammar lacks the phonologicaI structure

necessary to differentiate those segments. That is, that a child's poor performance

ref1ects an impoverished grammatical system. Is il possible that these results indicate an

immature perceptual system rather than an undeveloped phonological system? If the

child bas not yet acquired the ability to map different acoustic signais to their respective

categories, then two sounds might he pereeived as a single sound. For example, bath

(P] and [k] would he pereeived as /pl (or as Ik/., for that matter). Such a child would be

unable to aecurately discriminate (piyz] and [kiyz] in a comprehension task - even if the

phonologicaI representations for /pl and lkI were fully developed.1S ln this case, the

errors would not he due to the phonological representation but rather the misperception

(i.e., identification) of the eue. If: on the other band, the child's pbonological system is

impoverisbed, he or she would he unable to discriminate phonemes in a comprehension

15 Wc leavc aside the paradox ofhow those representations would have ever been posited if [Pl ad
[icI were not distinguished by the perceptual system.
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task because the segments are oot differentiated in bis or her grammar. In this case,

there is no diffieulty in correctly perceiving the sounds: [piyz] is perceived as Ipiy-zJ and

[kiyz] as lkiyzJ. But ooce perceived, the eue cannot he matched with a unique lexical

item.

What kind of empirical evidence might he used to decide between these two

positions? The faet that the ehildren in our study made errors is consistent with both

aeeounts. However, the type oferrors made by the ehildren supports the claim that it is

the children's phonologica1, not perceptual, system that is impoverished. When a child

was unable to discriminate a minimal pair, the error usually occurred in both

directions.16 ln other words, lkiyzl was ehosen for the eue [piyz] some percentage of

the time, and Ipiy-zJ was chosen for the eue (kiyz] sorne perceotage of the time. This sort

of random choiee is what one would expect if the phooological representations are

impoverished: the ehild hears a eue and must choose between two items that are not

distinguished in bis or her lexieon. The ehild's choice, then, should vary between the

two items and may he influenced by sorne non-grammatical factor, such as recency or

frequeocy effects. In contrast, if the defieiency were perceptual and two acoustic signais

were mapped to the same category (making them indistinguishable), then errors should

oceur in only one direction. Both (piyz] and (kiyz] would he perceived as Ipiy-zJ (or

1kiyzJ), hence the same item should be ehosen, regardless of which eue is given. Thus,

the tyPes of errors made by the children support the daim that it is indeed the

phonologica/ system that is impoverished and which gradually develops. Moreover,

because of the laek of correlation between age and perfonnance, the developing ability

to distinguish phonemic contrasts eould not result from sorne maturationally detennined

mechanism of phonologica1 acquisition. Rather, this finding is entirely consistent with

the degree of variability permitted in a mode1 with an articulated hierarchical

organization of features that is elaborated based on an individual's experience with the

16 There was a tendency for errors to be in the direction of coronaIs. That is~ for labial and dorsal
cues. the children were more likely ta cboose a coronal item tban tbey were ta choose a labial or dorsal
item for a coronal eue. This means that coronals were correc:tly perceived as coronals more often (82%
ofthe time) than labials were perceived as labials (76%) or dorsals as dorsals (6701'0). This tendency is
consistent with Miller & Nicely's (t955) fmdings for adults an~ therefore. probably does not retlect an
undeveloped percepnaal system.
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primary linguistic data. The model advocated here would then predict a steady order of

acquisition dictated by the feature hierarchy but would not he committed 10 a specific

timetable for the acquisition ofphonemic contrasts.

Of course, merely demonstrating that a child gradually acquires the ability to

distinguish one segment from another in bis or her grammar does not indieate that the

internaI structure ofthe segment constitutes a feature geometry (or that feature geometry

plays a role in the acquisition ofphonemes); segments could he distinguished from one

another using SPE-style feature matrices. In order to establish that the segmental

representations acquired by the child are, in fac~ organized hierarehically, we must also

demonstrate that the arder in which the segments are acquired follows from this

hierarchical organization.1 7

Given that children gradually develop the ability to discriminate the phonemic

contrasts of the ambient language, we must determine whether there is a consistent

arder in which phoneme oppositions are added to their emerging phonological systems.

In particular, we would like to ascel1aÏn whether this order is the one predicted by Rice

& Avery's model of feature geometry. Our findings indicate that chiIdren's

impoverished segmental representations do not respect the dependency relations

encoded within Rice & Avery's feature geometry. In particular, one strong prediction

- that no child will contrast labials from velars without aIso distinguishing coronals

from labials and velars - is dearly refuted. Six children exhibited precisely this

profile. Sïmilarly, Rice & Avery's geometry predicts that no cbild will he able to

distinguish nasal from oral sonorants without the concomitant ability to distinguish

sonorants from obstruents. The perfonnance of four of the children contradiet this

daim. In fact, every child who made al least one contrast within the class of sonorants

contrasted nasal from oral sonorants. Thus, the particular feature geometry assumed in

this experimental study is not supported by the acquisition data.

17 Another way to show that young children's representations are organized hierarchically would be
to examine their productions for phonologicaJ processes mat fall out of the internaI organization of the
segments. The drawback to Ibis tac::k, though, is that it requires chilcfn:n to be verbally expressive.
However, al the earlier stages of phonologic:al devclopment. children frequendy have not yet begun
producing words.
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This finding could he taken ta refute Rice & Avery's geometry as an accurate

characterization of the internaI structure of segments or to indicate that Feature

Geometry plays no cole in the acquisition of phonemic contrasts. However, the children

in our study did not vary wildly with respect to the sequences in which they acquired

phonemic contrasts. In fact, among those children who have acquired some, but not aU,

of the contrasts under investigatio~ there was remarkable consistency as to which

contrasts were acquired hefore others and which contrasts remained to he acquired.

Therefore, it appears that the children's phonological development is indeed guided by

some underlying principle of organization. We contend that this organization is the

hierarchical organization of features contained in UG (Le., feature geometry).

A plausible alternative explanation for the systematic order of acquisition might

he that the observed order stems from acoustic or perceptual properties, rather than the

phonological properties, ofthe respective segments. Under this account, the phonemic

contrasts to he acquired first would he those that are acoustically or perceptually most

dissimilar. In order to investigate this possibility, the acoustic properties of the contrasts

under examination must he compared in order to detennine whether those whose

acoustic signais that are most distinct were indeed acquired first. Although we have not

yet exarnined these acoustic properties systematically, it seems unlikely that properties

of acoustic similarity or dissimilarity could explain our results: for example, the

speetrograms of $Onorants are quite distinct from those of obstruents; in fact, the

difference between tbem is greater than that found between the spectrograms of nasal

and oral $Onorants. Yet, the children in our study consistently acquired the oral vs.

nasal sonorant contrast before the $Onorant vs. obstruent contrast.

It is,. of course, possible that the acoustic characteristics of a segment May not

correspond directly 10 its perception by the human auditory system. That is, acoustic

dissimilarity may not he equivalent to perceptual dissimilarity. Therefore, in addition to

considering acoustic properties,. we must a1so consider the perceptuaJ "distance"

between the contrasts tested. One way researchers have measured the perceptual

distinctiveness ofsounds bas been to examine the perceptuaJ confusion of those sounds
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under varying noise conditions (Miller & Nicely, 1955). Those sounds that are

perceptuaIly more similar to one another are more easily confused with each other than

those sounds that are perceptually more dissimilar. The perceptual-confusion data

reported by MiUer& Nicely (1955) show that the pIk contrast is the most fragile place

contrast: even in the noise-ftee conditio~ Ipl and lkI are confused signiticantly more

with each other (Il% of the time) than either the pit or tJk contrasts (0.2% and 0.8%,

respectively). The p/k contrast continues to he confused significantly more than the

other two contrasts with the addition ofdiffering levels of noise masking (21 % vs. 3%

and 4%, respectively; 30% vs. 12% and 14%, respectively). This indicates that Ipl and

lkJ are perceptually more similar than either It! and Ipl or It! and Ik/. Interesting[y, the t1p

and tIk contrasts are confused at roughly the same rate as each other for aU noise

conditions, suggesting that the perceptual distance between the members of each of

these contrasts is equivalent.

In teons of acquisitio~ these Pereeptual properties would predict that since the

pit and tIk contrasts are more robust than the p/k contrast, they should he acquired

before the plk contrast. Yet the children in our study exhibit the opposite order. Despite

the fact that Ipl and lkJ are the most similar perceptually, it was the first place contrast to

he discriminated phonologically by the children. Furthennore, since the pit and t/k

contrasts appear to he quite similar perceptually, we might expect them to be acquired at

about the same time. However, we found that the pit contrast was consistently acquired

before the tIk contrast. Therefore, we can conclude that neither a Perceptual nor an

acoustic explanation is able to acCOWlt for our fmdings. This, of course, does not deny

any role for perceptual factors in the acquisition of phonemic contrasts, ooly that the

order(s) ofacquisition are not detennined by these properties.18

Our results indicate that the development of phonemic contrasts is guided by a

18 A reviewer has suggested thal the unifonnity we found across children might he due 10 the
frequency distribution of particular conttasts in the input of native speaker English. This hypothesis
predicts that children acquiring a language other than English might exhibit a different order of
acquisition due 10 differences in the ftequenc:y distribution of certain contrasts. White we recognize that
the frequency ofparticular contrasts in a child 9 s input likely influences which contrasts are detect~ we
maintain that the underlying feature geometry encoded in UG constrains the order in which contrasts are
acquired. These competing proposais could he tested empirically through a cross·linguistic study
designed along the lines ofthe present investigation.
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feature geometry contained in UG: the systematic order of acquisitio~ including a

limited amount ofvariability, is consistent with principles of Feature Geometry. The

particular feature geometry assumed in this study, however, is not supported by the

acquisition data. Based on the findings illustrated in the diagram in (5), we propose the

feature geometry in (6).19

(6)
SL
~

SV PL

ora~1 ~ial
dorsal coronal

The revised geometry differs from Rice & Avery's geometry in severa! significant

ways. In contrast with the Rice & Avery proposai, we recognize [nasal] to be a feature

in the geometry and not a default realization of the bare SV node (see also Piggott,

1992). Rather~ a segment specified for SV but no further dependents of SV is realized

as an oral sonorant (i.e.~ an approximant). SimilarlYt the modifications that we have

introduced under the PL node represent a significant change from the model proposed

by Rice and Avery. Rather than unite the labial and dorsal places of articulation under

the feature [peripheral] as Rice and Avery dOt we have introduced a feature, (lingual],

which dominates the featw'es [Dorsal] and [Coronal].

ln an almost entirely articulation-based framework of phonological features~

Browman & Goldstein (1986, 1989) propose a hierarchy of features that contains

precisely this organization within place of articulatio~ and indePendent work in the

study ofconsonantlvowel assimilation phenomena in Bantu also supports this structural

organization ofplace contrasts (ZoU, 1993). In addition~ Lass (1976) and Anderson &

19 An anonymous reviewer has suggested that while our acquisition data appear to be consistent
with the feature geometry proposed in (6) and inconsistent Riec &. Avery's geometry. perbaps the
geometry might change over lime. Perhaps children begin with an internai organization of segment
structure Iike the one in (6) but develop a geometry liIee the one proposed by Rice &. Avery. We rejeet
such restrueturing on the grounds of continuity (pinker. 1984). To pennit such reorganization of
internai segment stnleture would require some stipulation of constraints on restrueturing in order to
prevent the system from excessively overgenerating a range of possible structural organizations.
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Ewen (1987) both recognize a structural constituent [lingual] in the organization of

place features in internaI segment structure. This structure under the PL node predicts

that segments specified for the feature (Coronal] will pattern with segments specified

for the feature (Dorsal] in phonologicaI operations that manipulate the feature [lingual].

Such operations would effectively ignore labial segments which lack specification for

the feature (lingual] (see ZoU, 1993). We believe that certain theoreticaI issues

pertaining 10 the realization ofsegments underspecified for place features (Le., as velar

or as CoronaI) can he accounted for with this geometry. We leave this as weil as other

interesting theoretica1 implications ofthis geometry for future research.

2.4 Conclusion

The results of our study indicate that children between the ages 1;3 and 2;4 gradually

develop the ability to distinguish the phonemic oppositions of the language they are

acquiring. Although the incremental addition of phonemic contrasts 10 the developing

inventory appears to contradict the decremental decline in perceptual capacities reported

in infant speech perception studies, we have argued that the difIereot research

paradigms actually measure the development ofdifferent levels ofthe linguistic system.

We would speculate that the changes observed in infant speech perception

capacities are a necessary pre.cursor for the development of segmental representations

in the emerging phonology. The initial (perhaps innate) capacity to perceive the

difference between ail of the speech sounds that occur in human languages predisposes

the child to detect the differeoces in sound that could potentially signal a difference in

meaning. By subsequently reducing the array of perceptual contrasts to include ooly

those that will ultimately he manipulated by the emerging phonology of the particular

language being acquired, the system pennits increasing amounts of noise without loss

of relevant infonnation (Le., linguistically meaningful differences). [t is then the

detection of contrastive use of different speech sounds that drives the process of

segmental elaboration. The developmental sequence observed in the infant speech

perception studies indiC3tes how the system is adapted such that the child can ignore
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irrelevant variation in the speech stream yet remain sensitive to the sound difJerences

that correspond to meaning differences.

In terms ofhow the acquisition process leads the chiId 10 ultimately arrive at the

correct segmental representations for the language he or she is acquiring~our proposaI

makes the following daims. At the initial stage of phonological developmen~ children

will begin treating indiscriminately wbat are different segments in the adult system.

Without sufficient structure to distinguish segments based on place of articulation, for

example~ children will confuse segments that differ in this contrast. This is not to say

that they will not hear a difference between these segments, only that they will he

unable to reliably use that difference in any linguistically meaningful way. Once the

child detects that differences in place of articulation are used to signal differences in

meaning, the organization of place contrasts present in UG constrains the process of

encoding that difference in lexical representations. The initial stage of phonological

development is characterized by treating members of separate phonemic categories in

the adult language ofthe environment as members of a single category. Once the child

detects that differences in sound correspond to differences in meaning~ structure is

added to the system in an order constrained by the hierarchical organization of

phonological features encoded in UG. Based on the acquisition data collected in this

study, we propose that the feature geometry in (6) acCOWlts for that hierarchical

organization.

If infants between the ages of 12 and 28 months have not yel mastered the full

array of phonological oppositions in their language~ how is it that they appear to

understand 50 much of what is said to them? Why are they not walking (or crawling)

around completely confused by 50 much indetenninacy in the primary linguistic input?

The answer is that children cao resolve such ambiguity in the same way that adults

resolve the lexical ambiguity that pervades 50 much of natural language. For a child

whose phonological development bas not yet attained a level at which he or she cao

discriminate labials from velars, these segments contain the identical representation for

place ofarticulation. Therefore, such a child's phonological fonns of the lexical entries
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~ and Gn would he identical, just as they are for PIil and œk or bimk and bimk.

Fortunately for the child, and for adults as weil for that matter, there are typically

syntactic, semantic and/or pragmatic factors avaiIable when decoding the speech signal.

Our hypothetical ebild presumably avoids utter confusion upon hearing Have you ealen

ail YOUf ~i:z]?or Paddy J,ft bis [~i:~] in the car by the same means that adult speakers

use to resolve any lexical ambiguity.

As the development process continues, the ehild will nevertheless resolve the

temporary ambiguity when funher segmental structure bas been elaborated. However,

we would not expect the efTect of the subsequent eJaboration to he seen across the

board. That is, ïndividual lexical representations will still contain impoverished

segmental structure. Therefore, although newly acquired forms will contain

appropriately specified segmental representations, we would expect residual fonns to

persist for items tbat were present in the ehiId's vocabulary prior to the elaboration of

feature geometry. These forms will then he further specified on a lexical item by item

basis. For this reason ehildren will not exhibit discrete advancements from one stage of

segmental elaboration to the ne~ altbough sueh stages will exist. The evidence of these

stages will he bluned by the presence of the "archaie" fonns held over from the

previous stage ofdevelopment.

Future research will be needed to elucidate with greater precision the

relationship between the developing phonetic and phonological capacities of young

children in the early stages of language acquisition. In partieular, by testing the same set

ofchildren on a task that measures their ability to discriminate difTerences between two

temporally adjacent acoustic eues and on a task that measures their ability to access a

particular representation based on a verbal eue, we will begin to understand which

characteristics of the capacities observed among young children reflect proPerties of

phonetic and/or phonological development. Moreover, such testing conducted

Iongitudinally would allow us to comPare the receding phonetic capacities and the

developing phonological capacities, which might speak to issues of eontinuity. Finally,

if we were ta conduct these types of experiments under varying noise conditions, we
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could more fulIy separate a grammatical explaoation from a potential perœptual

explanation ofthe developmental sequences that we found in the study reported here.

In reconsidering Jakobson's fifty year old theory of phonological universals in

light of cunent phonological theory, we have (re-)discovered that the acquisition of a

phoneme inventory in first language acquisition is guided by an articulated hierarchical

organization ofphonemic oppositio~which can he characterized in a theoretical model

of Feature Geometry. We found a reliably consistent arder in the development of

phonemic contI'asts across children that included ooly the amount of variability

permitted by the nested structures of the feature hierarchy. Thus, contrary to a

considerable body of literature bas been publisbed to refute Jakobson's universalist

theory, we have demonstrated that by substituting a contemporary hierarchy of

phonemic oppositions for the one Jakobson used in framing bis theory, the substantive

aspects of that theory, which penain to the process of phoneme acquisition, are

consistent with the acquisition facts. The putative counterevidence bas been too tightly

linked to the panicular hierarchy ofoppositions that Jakobson used to explain bis theory

and speak ooly indirectly to the theory ofphonological universa.ls.

One aspect of Jakobson's universalist theory which cannot he addressed with

the data from our study is the daim that the same hierarchy of oppositions constrains

the acquisition process regardIess of what language a child acquires. Research in the

acquisition of phonemic contrasts by children acquiring languages other than English

will be necessary to investigate this part of the theory as well as whether the hierarchy

that accounts for the development of the English phoneme inventory bas universal

application.

By demonstrating its active role in the acquisition of phonemic contrasts, we

have established that Feature Geometry represents more than simply a fonnal tool for

the description of segmental representations in order 10 account for phonological

processes; as a theoretical characterization ofinnate propenies of the developing human

nervous system (i.e., part of UG), Feature Geometry constrains the process by which

children acquire phonemic representations. Moreover, finding evidence for its role in
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acquisition lends extemal support to the theory of Feature Geometry, thereby

strengthening and sharpening our conception of segmental representation. With

continued investigation ioto the acquisition of phonology, we will increase our

knowledge about the phonological properties of Universal Qrammar, as well as

broaden our understanding ofthe process ofacquisition in generaL
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Preface to Chapte, 3

Recall that the goal ofgenerative linguistic theory is ta develop a theory ofgrammar that

accounts for observed cross-linguistic data and explains how acquiring that grammar is

possible. With respect to our theory of segments, if feature-geometric representations

are, in fact, an accurate characterization of the knowledge a speakerpossesses about the

phonemes in bis or ber language, then these representatioDS must be leamable. The

preceding chapter demonstrates that oot only cao feature-geometric represeotations be

acquired given the necessary input, but that the Feature Geometty posited in the

phonological companent of Universal Grammar (UG) plays an active role in the

acquisition of those representations. Thus, we have evidence from LI acquisition for

the representatioDS proposed in Chapter 1 for II/ and Ir/., as weU as for the theory of

Feature Geometty itself:

The field of second language (L2) acquisition provides another opportunity to

further test our theory ofphoneme acquisition and our posited segmental structures, as

weIl as to look for psycholinguistic evidence that these feature geometric representations

correspond to psychologica1 propenies of a speaker's mind. To date, however.,

relatively linIe research bas been done within the generative framework on the

acquisition of L2 phonological knowledge an~ in particular., on the acquisition of L2

phonemes. Those few studies that have investigated the acquisition of L2 segments

using the tool5 ofcunent Feature Geometry theory have not considered the role of UG

in the L2 acquisition process (e.g.., Flege, 1990, 1995; Hancin-Bhatt, 1994;

Weinberger, 1990); moreover, these L2 phoneme studies have been conducted without

reference to the LI acquisition process, primarily because until DOW there bas been no

(experimentally supported) theory ofhow UG guides LI phoneme acquisition.
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Accordïng to the theory of phoneme acquisition developed in the previous

chapter~ UG initially provides the child~s emerging grammar with that portion of the

Feature Geometry which is utilized by ail languages. 1bis impoverished geometry is

subsequently elaborated until the feature geometry ofthe target language (i.e... the adult

geometry) is attained. The trigger for this elaboration of the child~s geometry is his or

ber detection of contrastive use ofsegments in the ambient language: when the child

encounters segments which cannot he accommodated by the exiSling representations in

bis or her mental grammar~ the relevant structure is added to the emerging geometry.

Thus7 acquisition of phonemes is accomplished through the interaction of UG and the

linguistic input; detection of a contrast in the input triggers elaboration of the child~s

geometry and.. therefore, is a necessary condition for successful acquisition of

segmental structure.

Having establisbed the role of UG in the acquisition of LI phonemes, the

trigger for the elaboration ofsegmental structure and the process by which it proceeds,

we can now consider the acquisition of L2 phonemes in the context of L 1 acquisition

(i.e... whether UG guides L2 acquisition in the same way that it does LI acquisition).

The following chapter investigates whether UG operates in the L2 acquisition of

phonemes and fonnulates a theory of how UG interacts with the input and existing

linguistic knowledge to construct novel segmental representations. The learnability

condition and continuity assumptions presumed to constrain our theory of LI

acquisition are taken here to also constrain our theory of L2 acquisition. In the case of

L2 acquisitio~ these constraints force us to assume that the same cognitive processes

and grammatical mechanisms that eosme successful LI acquisition also underlie L2

acquisition. Thus, our model ofLI phoneme acquisition does not merely fimction as a

reference point for our L2 investigations~ it serves as our null hypothesis as to how L2

phonemes are acquired. Our increased understanding of how successful phoneme

acquisition is accomplished by the child will provide significant insight ioto why (the

process of) L2 phoneme acquisition 50 often fails, and onder what circumstances it is

successful.
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Studies ofthe operation ofUG in L2 acquisition typically take the failure of L2

leamers to acquire some aspect ofthe target language either as evidence that UG is not

available in L2 acquisition (see e.g.~ Bley-Vro~ 1989; Clahsen & Muyske~ 1986;

Schachter~ 1989) or that the LI grammar impinges somehow on the L2 acquisition

process~ preventing the full operation of UG~ which is otherwise accessible (see e.g.,

papers in Schwartz & Eu~ 1996; White, 1989). However, there are limitations to

bath of these perspectives. Denying UG a role in L2 acquisition certainly enables us to

explicate the differences between LI and L2 acquisition (the cases ofacquisition failure,

in particular); however, it makes it very difficult, if not impossible, to account for the

many similarities between LI and L2 acquisition (including successful acquisition). The

position that UG is accessible but that the LI grammar may prevent its operation in

sorne circumstances sidesteps this problem; however~ this approach fails, al least thus

far, to fullyexplicate the relatiooship between the existing linguistic knowledge of a

speaker~ the operation ofUG and the acquisition ofa second linguistic system: it is still

unknown which aspects ofthe LI grammar impinge on the operation ofUG, and we do

not yet understand the mechanism by which the LI grammar exerts this influence.

This chapter provides some answers to these questions by exploring the role of

the LI grammar in the acquisition of L2 phonemes. We know from our LI acquisition

research that two conditions are necessary for the successful acquisition of segmental

structure: 1) UG must be operative, because it contains knowledge of the bierarchical

organization of features that is not deducible from the input alone, and 2) the leamer

must he capable of perceiving the relevant segments as distinct in the input, since

acquisition is only triggered by the learner's deteetion of the contrastive use of those

segments in the ambient language. If either of these two conditions is not met, L2

learners will fail to acquire novel segmental representations and the non-native

phonemes will not he differentiated in their interlanguage grammars. The research

presented here demonstrates that those leamers who fail to acquire a given non-native

contrast (putative evidence that UG is inaccessible in L2 acquisition) a1so fail to

perceive those segments as distinct sounds. Thus, the second criterion for successful
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acquisition - accurate perception of a contrast - is not met. Hence~ the failure of these

L2 leamers to acquire the novel segmental representations cannot he taken as evidence

that UG is inaccessible in L2 acquisition; the operation of UG can ooly be assessed in

those cases where leamers accurately perceive the L2 input. In fact, L21eamers who do

perceive the non-native segments as distinct are shown 10 distinguish them

phonologically in tbeir interlanguage grammars~ indicating that acquisition of L2

segmental representations is possible when the acquisition device reœives the necessary

input. The remaining questio~ and the focus of this chapter~ is to ascertain what

determines whether or not an L2 leamer will accurately perceive a given non-native

contrast.

Drawing together findings from infant speech perception research and the LI

phoneme acquisition data presented in the previous chapter~ 1 develop a model of LI

phonological interference which explains how the elaboration of Feature Geometry in

LI acquisition restricts the sensitivity ofthe speech PerCeption mechanism to non-native

contrasts~ and how this acquired phonological stnlcture Mediates speech perception in

the mature speaker~ effectively filtering out certain phonetic properties ofthe input. This

model predicts that L2 leamers whose native grarnmars Jack a particular feature (e.g.~

[coronal]) will he unable to accurately perceive any non-native contrasts that are

ditIerentiated by that feature (e.g.~ Il-r/); conversely, the presence of the relevant feature

in an L2 learner's native granunar will enable him or her to accurately perceive any two

non-native segments distinguished by that feature. Acquisition of the segmental

representations for non-native phonemes should follow in those cases where the

contrastive nature ofthose segments can he detected in the input.

In order to test these predictions~ Japanese and Chïnese speakers' perception

and acquisition of the English II-r/, Ib-vl and If-vi contrasts is compared. The

experimentaI resu1ts indicate that L2 leamers do, in fac~ accurately perceive only those

non-native contrasts that are distinguished by a feature already present in their native

grammar and that they successfully acquire ooly those contrasts whicb they perceive as

distinct. Thus, we have evidence that properties of the native phonologica1 system
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impinge on the perception ofthe L2 input; moreover, this research indicates that it is the

featural inventory of the LI which exerts this influence, determining which

phonological properties ofthe L2 input the leamer -Mil he sensitive to an~ hence, able

to acquire.
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3.0 Introduction

There is still considerable debate as to whetber the innate language faculty attributed 10

children (i.e.~ Universal Grammar, henceforth. UG) continues to operate in the

acquisition ofa second language. l Experimental evidence adduced on eitber side of this

issue is inconclusive and sometimes even contradictory (see for example White, 1989~

and Schachter~ (989). The acquisition of a second language is clearly somehow

different trom that of a first language: adult second language leamers rarely (if ever)

achieve the same native competence that children do leaming their first language. This

lack ofsuccess is often taken as evidence that UG does not operate in second language

acquisition. But, perbaps there is another explanation. As White (1989a) points out,

other factors, in addition to UG, are necessary for successful first language acquisition

(e.g., sufficient input and various learning mechanisms); the same is true for second

language acquisition. An intriguing line ofresearch suggests that the failure of sorne L2

leamers to attain a native-like competence is attributable to these other factors~ rather

than to the inaccessibility ofUG (e.g., papers in Schwartz & Eub~ 1996).

One such factor that distinguishes second language acquisition from first

language acquisition is the fact that the second language leamer cornes to the task of

acquisition a1ready knowing a language. Most cuneot theories of L2 acquisition do, in

fact, assume that the native language ofthe leamer plays a raie in acquisition; however.,

1 Although the tenn "second language acquisition" (SLA) tec:hnically refers to the acquisition of a
second language by either an adult or a chil~ it is typically used to denote acquisition by post
pubescent leamers. In this paper. we will only consider SLA by adults. The claims made here. however.
caR be extended to L2 leamers ofail ages.
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wha! role the native language plays is less certain. Sorne researchers believe that aspects

of the native language (e.g., parameter settings) are initially transferred from the native

grammar ta the interlanguage grarnmar but, given the appropriate inp~ will u1timately

he readjusted to the coneet L2 setting (e.g., Schwartz & Sprouse's Full Acess/Full

Transjër Hypothesis, 1996; White's Transfer Hypothesis, 1988). On the other band,

others believe that the native language serves as a ~surrogate" UG for the learner and

that ooly those aspects ofUG that are manifested in the native language will he acquired

by the L2 leamer (e.g., Bley-Vroman's Fundamental Difference Hypothesis, 1989).

The position that the native language plays a role in the acquisition process is based

primarily on research on the L2 acquisition of syntactic knowledge. Only recently have

researchers begun to examine the role ofthe learner's native language in the acquisition

ofphonological knowledge (e.g., Archibald, 1993; Brown, 1993a, 1996, to appear b;

Hancin-Bhatt, 1994a,b; Pater, 1993; Weinberger, 1990, 1994). This type of research

shows that examination of the acquisition of phonological knowledge by second

language leamers can provide support for SLA theories which were initially based on

syntactic data alone. Even more împonantly, this phonological research bas begun to

define more precisely the role of the native language in the process of acquiring a

second language.

Yet, despite the potential contributions ofphonological research to the issues of

UG-accessibility and LI interference, il is tacitly assumed that the acquisition of

phonology is fundamentally different ftom the acquisition of syntax and that it is,

therefore, orthogonal to these SLA issues (Flynn & Manuel, 1991). The belief that the

acquisition of syntax and the acquisition of phonology are qualitatively different is

based not 50 much on experimental evidence as it is on general observations that L2

leamers often have extraordinary difficulty mastering the pronunciation and intonation

patterns of their second language, often retaining an accent when their syntaetic

knowledge of the L2 is quite native-like. This perceived disparity between the

acquisition of syntactic knowledge and phonological knowledge (as weil as a poor

understanding of the role of UG in the LI acquisition of phonology) bas 100 sorne
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researchers to conclude that the acquisition ofphonological knowledge by L2 leamers is

irrelevant to the question of whether or oot UG operates in L2 acquisition (White~

1989a:42). However, recent work: on the acquisition of prosodie structure by L2

leamers suggests that lcarners do, in faet, acquire knowledge ofphonological properties

ofthe L2, ineluding syUable structure (8roselow & Finer, 1991) and stress assignmeot

(Archibald, 1993; Pater, 1993). Furthermore, experimental research by Brown &

Matthews (1993, in press) demonstrates the active mie of UG in the acquisition of

phonological representations by children. Thus, the question of whether adult learners

can acquire L2 phonology is indeed relevant to the issue of UG-accessibility in L2

acquisition, and research that addresses this question provides an opportunity ta

identify more accurately those aspects of the LI grammar tbat affect L2 acquisition and

perhaps even begin 10 eharacterize the psychological mechanisms by which this

influence is exerted.

This paper will attempt 10 shed lipt on the issues of UG·accessibility and the

role of the LI by exploring the foUowing researeh questions from the perspective of

phonological acquisition:

1. How do we account for the failure of L2 leamers to acquire
(phonological) properties ofthe target language provided by UG?

2. Which aspect(s) ofthe LI grammar impinges upon L2 (phonological)
acquisition?

3. When the neœssary conditions for successful acquisition are met, can
L2 lcarners acquire novel (phonological) representations?

We will take as our starting point the hYPOthesis that differences between LI and L2

acquisition (e.g., course ofdevelopment, ultimate attainment) cao he attributed ta the LI

(rather than, say, to different underlying cognitive processes) (Schwartz, 1996).

However, the position that it is the LI grammar which prevents successful acquisition

of L2 (phonological) knowledge is not particularly illuminating since we are still left

wondering how exactly the LI constrains L2 acquisition. Does the LI grammar serve as

an inventory of linguistic comPOoents from which the interlanguage grammar is
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construct~ constraining acquisition by restricting the e/emenls ofacquisition? Or, does

the LI grammar play a more dynamic role, perbaps intervening between the input and

the acquisition device, and thereby disrupting the process of acquisition itself: by

restricting whieh properties of the input the leamer will he sensitive to? Thus, in

addition to demonstrating that properties of the interlanguage can he traced to the LI

grammar, we must also explain why this transference takes place and attempt 10 identify

the mechanisms by which it occurs.

By investigating the acquisition ofnon-native phonemes by L2 leamers, 1 hope

to provide sorne insight into the role that the LI grammar plays in L2 acquisition: we

will see that the LI grammar intervenes between the L2 input and the acquisition device,

effectively delimiting the properties ofthe input that the leamer will he sensitive to an~

hence, able to acquire. Researchers have long observed that leamers are sensitive to

different aspects of the input at ditTereot tïmes. Therefore, it is necessary ta make a

distinction between input and inla/œ (Corder, 1967). Input refers to the ambient

language that the child is surrounded by every day, whereas intake refers to that portion

of the input to which the leamer is actually sensitive (Le., the real input to the language

acquisition device). Although input is required for language acquisition, the specifie

intake will detennine the developmental stages ofthe grammar. This distinction between

input and intake will prave to he crucial to our understanding of the acquisition of L2

phonology.

[n the case of phoneme acquisition, (at least) two conditions are necessary for

successful acquisition ta occur: the operation of UG + the leamer's detection of a

phonemic contrast in the inpuL Thus, accurate perception of the L2 acoustic signal is

crucial for phonological acquisition; ifa leamer does not perceive a contrast in the inpu~

then (whether or oot ua is operative) acquisition will not he triggered. Therefore, we

cannot investigate leamers' acquisition of phonemic representations without also

examining their speech perception capacities. It is weLl known that one's native

language experience bas a profoWld influence on the ability to perceive speech sounds,

both as an infant and as an adult, making non-native contrasts difficult, if not
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impossible, to perceive. Yet, to date, we do not have an adequate explanation for how

this influence ofthe native grammar on speech perception originates or wbat impact this

will have on phonological acquisition.

This paper develops a model of phonological interference that explains how the

intake to the acquisition device is detennined by phonological properties of the LI

grarnmar; in particular it is proposed that the monotonie acquisition of phonological

structure by young children restriets their sensitivity to particular non-native contrasts

and that the continued operation of this existing phonological structure in adult speech

perception constrains which non-native contrasts aduIt leamers will he sensitive 10 in

the L2 input and, therefore, able to acquire. By bringing together research on

phonological acquisition and infant and adult speech perception research, we arrive at a

unified account of LI phonological interference - from when and why the emerging

phonological system begins to constrain perception to how this phonological system

mediates adult speech perceptio~ and the ramifications of the intenelation between the

phonological system and speech perception for the acquisition of phonological

knowledge by L2 leamers.

In order to test the predictions of this model of phonological interference, the

acquisition ofsegmental representations by Japanese and Chînese leamers of English is

examined; two separate experimental studies investigate whether these L2 learners can

leam to represent the non-native Il-r/, Itr-vl and If-vI contrasts in their interlanguage

grammars. These experimental studies demonstrate how the LI phonological system

may block accurate perception of the input, thereby preventing the acquisition of novel

segmental representations; in fact, in those instances when L2 leamers fail to acquire an

L2 phonemic contrast, the second condition necessary for successful acquisition

(detection of the contrast) is not MeL On the basis of these data, it will he argued that

the inability to acquire new phonological representations is not due 10 the inaccessibility

ofUG, but rather to insufficient intake to the acquisition device. These two studies also

establish the circumstances in which the native grammar actually facilitates perception of
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non-native contrasts, demonstrating that when the acquisition device reœives sufficient

intake, novel segmental representations can he successfully acquired..

The remainder of the paper will he organized as follows: we will begin by

reviewing the relevant aspects ofthe theory of phoneme representation assumed in this

study as a way of examjning exactly wbat type of structures L2 leamers must acquire

(§3.1). This will he followed by a review of the development ofthe native phonological

system, which will allow us to establish the conditions necessary for successful L2

phoneme acquisition. The foUowing section (§3.2) presents a theory of phonological

interference based on a comparison of the findings from infant speech perception

research and LI phonological acquisition research. The model of speech perception

development outlined here establishes how the influence of the LI grammar in adult

perception originates and aIso identifies the mechanism by which the L2 input is

mapped to existing phonological categories. A.fter the implications of this theory for L2

phoneme acquisition are laid out, the results of two experimental studies will be

reported and discussed. Experiment 1 (§3.3) investigates the acquisition ofIV and Ir/ by

speakers ofJapanese and speakers ofChinese, while experiment2 (§3.4) compares the

acquisition of the /I-r/, ~vl and If-vI contrasts by Japanese speakers. The Paper

concludes by considering some of the implications of these results for the theory of

phonological interference as weU as our theory ofsecond language acquisition.

3.1 Knowledge of Phonemic CODtrasts

In order to detennine whether adult leamers cao acquire this type of knowledge about

their L2, we need to first consider how the knowledge of phonemie contrasts is

represented by a native speaker and how that knowledge is acquired in LI acquisition.

Once we establish what acquisition of segmental representations entails and how this

process occurs, we will he in a bener position ta understand why this process fails 50

often in L2 acquisition. Part of the phonological knowledge a speaker possesses about

rus or ber language is what phonemes are contained in its inventory. Bu~ as Hockett

(1958:24) points ou~ a phonologica1 system is "not 50 much a set of 50unds as it is a
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network of differences between sounds.n Thus, a native speaker's knowledge of the

phonemes in bis or her language is tantamount ta knowing which segments are

contrastive in that language.

3.1.1. Representation ofPhonemes

The theory of segmental representation known as Feature Geometry maintains that

phonemes consist ofdistinctive features that are organi.zed into hierarchical constituents

(Clements, 1985; Sagey, 1986). Although there is still debate as to the precise set of

features and their organization, phonologists agree that phonemes have an internaI

structure. The Madel ofFeature Geometry that will he assumed in this paper is given in

(1 ).

(1) FtCK)T

--------------LARYNGEAL SlJPRAL\RYNGEAL
~ -------1 ______

aspiration voice SPONTANEQUS VOICE PLACE continuant
~ ~~

nasal approximant labial dorsal coronaI

This model integrates insights of models proposed by Clements & Hume (1994),

Piggott (1992) and Riee & Avery (1991b); however, the arguments and findings

presented here do not hinge on the correctness of this panicular model. This Feature

Geometry is contained in the phonological compement ofUG. Like a syntactic principle

or parameter, this geometry constrains the acquisition process and provides the lcarner

with information about what phonemic oppositions are possible in natural languages.

Thus, while no one language manipulates ail components of this universal Feature

Geometry, every phoneme in the world's languages cao he represented in terms of the

fcatures and structural relations present in this geometry.

Each phoneme bas a unique structural representation (i.e., feature geometry)

that distinguishes it from other segments in an inventory. The representation of a given

segment will he a subset of the entire geometry given in (1); its precise representation

will depend on which segments it contrasts with in the particular inventory. For
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example in English, where the lateral approximant 111 and central approximant Irl are

contrastive, III may he represented as in (2a) while Irl may he represented as in (2b),

omitting unnecessary structure for the moment (Brown, 1993b, 1995).2

(2) a. 11/
ROOf

~
SV PLACE

1
approximant

b. Ir!
ROOf

~
SV PIACE

1 1
approximant coronaI

•

•

Bath of these segments have the same manner of articulation (i.e., approximant), yet

they differ in their specification for place features: Irl contains the feature [Coronal]

whereas III is represented by a bare Place node. The fact that these segments have

different representations reflects the fact that they are contrastive phonemes in English.

In contrast, when these two segments are not contrastive in a language, they

will not have distinctive representations. For example, in Japanese, III and Irl are

allophones ofa single phoneme, 50 there will he only one underlying represeotation for

these two swface phones. This is given in (3).

(3) Irl
ROOf

~
SV PLACE

1
approximant

The phonetic realization ofthis segment as an 111 or an Irl (whic~ unIike the Engüsh Irl,

is a flap) varies more or less freely (Vance, 1987).

2 Brown (1995) is ineluded in this disseration as Chapter 1. The representations for IV and Irl
assumed here ditfer somewhat ftom standard representations. The phonological feature [Iateral] is
generallyassumcd to distinguish laterals from non-Iaterals, in this case IV ftom. Ir/. However. Brown
(1995) argues that [Iateral] is not tenable as a pbonological feature and that the contrast between IV and
Irl is best captured in terms of Place features (see refcrence for specifie theoretical motivation and
empirical evidence to support this claim; sec also Piggott, 1993 and Spencer. 1984 for this view).
Importantly, the representations for IV and Irl given in (2) provide an explanation for ditferential
acquisition effects due to a speakcr's LI grammar, which is not expected given the standard view of
laterals. This will be diseussed in greater dctail in footnote 30.
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A speaker's knowledge of wbich sounds in bis or ber language are contrastive

is, thus, represented by distinctive segmental representations in the speaker's mental

grammar. The foUowing section examines bow these representations are acquired in

first language acquisitio~ where we will identify the factors necessary for successful

(L2) acquisition.

3.1.2. Acquisition ofPhonemes

Sïnce segments are distinguished in a grammar by their particuiar feature geometri~

acquisition ofa phoneme contrast involves the acquisition of the relevant structure that

differentiates the two segments (Rice & Avery, 1995, based on Jakobson, 1941). The

leamer is able ta contrast the two segments in bis or her grammar once that

phonological structure bas been acquired. Brown & Matthews (1993, in press)

demonstrate experimentally (using a lexical comprehension task) that children's ability

to differentiate phonemes phonologically develops gradually over time (see aIso Barton,

1980; Edwards, 1974; Gamic~ 1973; Shvac~ 1948 for similar studies).3 Based on

these results, Brown & Matthews argue that UG provides the child's emerging

grammar with a minimal amount of segmental structure (in fac~ ooly those portions of

the feature geometry that are universaI) which is subsequently expanded over the course

ofacquisition until the adult feature geometry for the particular language is attained. In

other words, the child "builds" the developing geometry when phonemic contrasts are

required.4

Brown & Matthews found that not ooly do children acquire phoneme contrasts

gradually but they do 50 in a systematic order that is consistent across children. This

3 Although it is generally recogniz.ed that children's production of different phonemes gradually
develops over lime, il is usuaJly assume<! that the underlying representation of these segments (Le.,
representation of lexical items) is adult-like. Studies of child phonology. then. fecus primarily on
providing an explanation for the discrepancy between the adult-like underlying fonn and the child's
production Ce.g., Smith, 1973). Brown & Matthews (1993, in press) , in addition to the other studies
cited in the teX!, is one of the fcw studies that demonstrates thal children's underlying representations
are impoverished (i.e., not adult-like) and that their developing knowledge of phonemes involves the
elaboration of these underlying phonological repraentations.

4 This position contrasts with the possible position that the child "prunes" the universal geometry
where phonemic contrasts are not required by his or her language.
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systematic order of acquisition results from the hyplthesized acquisition process and

the nature ofFeature Geometry itself: UG, in addition to providing the initial structure,

also guides the acquisition process: the child will only elaborate the feature geometry in

ms or her grammar in ways that are consistent with the hieratehical organization of

feature geometry in UG. Thus, the particular dependency and constituency relations that

are encoded in the feature geometry in UG will he respected in the geometry posited by

the child. For example, the presence of a dependent feature in a representation entails

the presence ofthat feature's superordinate node; by extension, superordinate structure

must he posited in the child's feature geometry before dependent structure can he

elaborated. As a resul~ children will phonologically distinguish those segments that

require less structure to difIerentiate before distinguishing those segments that require

highly articulated sbUcture.

What is important for our purposes here is that this step-by-step elaboration of

the child's feature geometry is driven by the child's detection of contrastive use of

segments in the input (Rice & Avery, 1995). Once a child notices that two segments are

used contrastively (i.e., are distinct phonemes), the phonological structure that

differentiates the two segments is added to bis or her grammar. If the child never

encounters contrastive use oftwo segments (because, for example, they are allophooes

ofa single phoneme in that language), the structure that differentiates them will oever he

posited. Therefore, input drives the acquisition of phonemic contrasts. However, the

mere presence ofa contrast in the input (while necessary) is not sufficient to trigger the

further elaboration of the internaI geometry; the child must detect the contrast in the

input. In other words, the contrast must he part of the leamer's intake in order to force

the addition ofsegmental structure to the emerging grammar.s

In order for a leamer to detect that two sounds are used contrastively, the leamer

must he able to discriminate the two sounds acousticaIly. Given that a child may he

S [n faet. the child's current grammar seems to detennine which contrasts he or she will be
sensitive to. [n particuJar, it appears that only once a child bas elaborated a sufficient amount of the
geometry will he or she be sensitive to contrasts that require additional stnlcture. For example, a child
will only he sensitive to the Cact that nasals and liquids contrast (a contrast which requires a feature that
is a dependent of the SV Node) once she or he bas detected that the larger classes of sonorants and
obstruents contrast with one another (a contrast which depends on the SV Node itselt).

-129-



•

•

born into any language environment it is imperative that he or she he equipped with

adequate machinery to perceive the whole range of possible phonetic contrasts.

Researchers have, in fac!, demonstrated that infants as young as one month old are able

to acoustically discriminate not ooly the sounds of the ambient language but non-native

contrasts as weil (Eilers, Gavin & Oller, 1982; Eimas, Siqueland, Jusczyk & Vigorito,

1971; Streeter, 1976; see Mehler, 1985 for a review), suggesting that the ability ta

acoustically discrirninate the entire range of speech sounds manipulated by natuml

languages is innate (cf. Bumh~ 1986). This predisposition ensures that the child will

he able to detect contrastive use ofany two sounds in the input an~ therefore, that he or

she will successfully acquire the phonological structure required to differentiate native

phonemes in bis or ber mental grammar.

3.2 A Theory of Phonological Interference

Since the detection of contrasts in the input is cmcial for the acquisition of segmental

representations, we need to consider how this capacity changes (if al all) as the child

develops. In particu1ar, whether or not an L2 leamer is able 10 perceive a non-native

contrast (which is independent of the availability of UG) will he crucial in determining

if he or she will he able to constnlct the phonolagical representations necessary ta

distinguish the two segments phanologica1ly. It is well established that the ability to

acoustically discriminate non-native contrasts decreases rapidly with exposure ta a

specific language, until the child is only able to acoustically discriminate those contrasts

present in the language being leamed - with the exception of certain non-native

contrasts to he discussed below (see Werker & Polka, 1993, for a review ofstudies that

establish this observation). This results in the categorical perception of speech, by

which SPeakers ofa language are able to easily distinguish members of different native

phonemic categories and relatively unable 10 distinguish members of the same native

phonemic category (Repp, 1984). In the following section, l examine some findings

from infant speech perception research and suggest a causal link between the

development of a learner's feature geometry and the subsequent decline in perceptual
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capabilities. Establishing such a link will have important consequences for the

acquisition ofL2 phonology.

3.2.1. Developmental Changes in the Perception ofContrasts

Some of the most interesting wode in infant speech perception bas been conducted by

Janet Werker and ber coUeagues. In a series of studies, they demonstrate that the

decline in the ability ta acoustically discrimina.te non-native conttasts occurs within the

first year oflife (Werker, Gilbe~ Humphrey & Tees, 1981; Werker& LaLonde, 1988;

Werker & Tees, 1984 ~ b; and aise Best & McRoberts, 1989; Best, 1994). What is

particularly fascinating is that this decline in perceptual capacity does not appear to he

temporally uniform for aU non-native conttasts. ExPerimental resu1ts indieate that

perceptual sensitivity to certain nOD-native contrasts is lost before sensitivity to others.

[n a longitudinal study, using a head-tum paradigm, Werker & Tees (1984a) showed

that six to eight month old English infants were able to perceive the non-native contrasts

between alveolar and retrotlex stops It/ and IV (Hindi) and velm and uvular stops /kI and

/q/ (Interior Salish, Nthlakampx). When these infants were slightly older (eight to ten

months), they were still able ta perceive the Hindi contrast but had lost the ability 10

perceive the Salish contrast. At the age of ten 10 twelve months ol~ all of the English

infants were unable to perceive either non-native contrast, while Hindi and Salish

infants of the same age were still able to discriminate their respective native contrasts.6

What these studies suggest is that 10ss of perceptual sensitivity to non-native contrasts

is graduai and proceeds in a systematic order.

Severa! attempts have been made 10 explain this decline in perceptual sensitivity.

[t bas been suggested that if specific phonetic experience is not forthcoming within

sorne critical period (which appears to he the first year), then the phonetic feature

detectors that subserve the contrast in question undergo a loss of sensitivity (Eimas,

6 This deveIopmenlal sequence was f'ust established by a cross-sectional study using EngIish
infants and the Hindi and Salish conttasts. However, in the cross-sectional study, one group of infants
was tested on the Hindi contrast and a diffcrent group was tested on the SaIish contrast, sa we can not
directly compare perfonnance on the two contrasts to detennine what the relative arder of pen:eptual
decline within a given child was.
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1975; Tees & Werker~ 1984). An English chil~ for example~ never hears a contrast

between alveolar and retroflex stops an~ therefore, loses the ability to perceive that

contrast. Under this account, perceptual sensitivity is lost as a direct result of the nature

ofthe input itself (Le., lack of a contrast in the input), rather than some perceptual re

organization taking place in the leamer. One prediction ofthis position is that perceptual

sensitivity will not he lost for segments that vary aIlophonically in the native language

since the infant will have phonetic experience with both segments. The research

reported below clearly refutes this prediction (at this point, it is not clear whether there

is a different perceptual effect for aIlophones that are in complementary distribution and

those that are in free variation). Another prediction of this position is that perceptual

sensitivity will he lost for every contrast not manifested in the input. However, work by

Sest, McRoberts & Sithole (1988) demonsttates that perceptual sensitivity is not lost

for every non-native contrast. These researchers found that English infants (ranging in

age from six to fourteen months) as weil as English adults accurately discriminate three

sets ofZulu clicks in an auditory task.7 What is unique about this particuJar non-native

contrast is that neither member of the Zulu conttast occurs in the English inventory.

Recall that in Werker's studies~one memberof each contrast investigated is an English

phoneme (alveolar stop It! and velar stop 1kI). Thl1Sy it appears that perceptual sensitivity

to a non-native contrast is ooly lost if one of those segments occurs in the leamer's

native language; sensitivity is retained ifneither segment occurs in the L 1.8

To explain this phenomenon, both Werker and Best have tentatively suggested

that the decline in ability 10 discriminate some non-native contrasts May reflect the first

stage in the phonological development of the child. Although neither author is specific

as to which aspect ofthe developing phonology might be responsible for this loss~ their

suggestion mises an intriguing possibility that 1will explore here.

7 Clicks are ingressive velaric consonants (unlike any English consonant) produced by the
fonnation ofa suction chamber in the oral cavity followed by an abrupt release of negative pressure al
the blade~ lip or side orthe longue~or al the lips (Catford &. Ladefoged, 1968).

8 Later~ [ will revise this position and propose that sensitivity to a non-native contrast is retained
if neither segment occurs in the LI OR ifthe jéoIure that underlies the non-native contrast is employed
in the LI.
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3.2.2. The Ro/e ofthe LI Phon%gy in Speech Perception: A Proposai

When we consider the findings ofWerker & Tees and Brown & Matthews together, an

interesting parallelism emerges: infants perceptual capacities gradually "degrade" from

aIl possible contrasts to ooly native contrasts (with the exception of certain non-native

contrasts, to which 1 will return) while their ability to discriminate segments

phonologically gradually improves from no contrasts to only native contrasts. Thus,

there is a convergence ofbath types of capacities on the leamer's set of native sounds.

Moreover, when we examine the specific orders of decline and improvement, we find

that they mirror one another. Although such a comparison is limited al this point, due to

the few number ofnon-native contrasts thal have been investigated thus far, il is worth

pursuing. According to Brown & Matthews, children fi.rst phonologically differentiate

labials from velars, foUowed by labials from coronals. They do not distinguish

segments that require a Coronal node, such as IV and Irl, until relatively late.9 So, the

node that distinguishes velars segments from other places of articulation is posited by

the child before the node to distinguish coronal segments is posited. Measuring auditory

perceptio~ Werker found the reverse order, with the perception of contrasts involving

velars declining before contrasts involving coronals.• 0 It is plausible, then, that the very

construction ofa segmental representation is responsible for the degradation of acoustic

speech perception.

1 propose that the elaboration of feature geometry m the child's grammar

imposes upon bis or ber perception the specific boundaries within which phonemic

9 Although English contains other coronal sounds (e.g./v or InI), it is general assumed that in the
absence ofa phonemic conttast within the class of corona! sounds, coronals will be represented in the
phonoIogy with a bue Place node (sec papers in Paradis &. Prunet, 1991; cf. McCanhy &. Taub. 1992).
The coronal featun: will. then, either be inserted during the pbonetic component of the grammar or the
bare Place node will be interpreled dire<:dy with a coronal place ofanicuIation..

• 0 One curious faet is that then: appcars to he a lime lag (approximalely four to six months)
between the age of the perceptual loss and the corresponding phonologica1 developmenL A possible
explanalion for this time lag is that there is a confound between lexical development and phonological
development, such that segmental representations are integrated into lexical items (which is what
Brown &. Matthews ae:tually measured) shortly after they are fll'St acquired. If this is indeed the case,
acoustic discrimination tasb might provide a means of measuring the phonologica1 development of
children al even earlier ages than is currently available.
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categories are defined.1 1 In other words~ the degradation of the perceptual capacities

and the increase in the ability to distinguish sounds phonologically are the resuIt of the

same internaI mecbanism, namely the construction of phonological representations.

This layer of phonological structure then Mediates between the acoustic signal and the

auditory processing system. The phonological structure can~ thus, be viewed as a tilter

which funnels acousticalIy distinct stimuli ioto a single phonemic category. Best's

investigation of the perception of Zulu clicks by English infants and adults provides

support for this proposai. RecaiI~ under the '~eatw'e deteetor'~ explanation, it is

surprising that English speakers are able 10 perceive the differences between the various

clicks, since tbey bave had no exposure 10 these sounds.12 If: on the other band,

perception declines as a result of the elaboration of phonological structure, this is

exactly what we wOuld expert English infants never hear these types of segments used

contrastively in the input. 50 no phonological structure bas been posited. Since no

phonologicai representation intervenes between the acoustic signal for these segments

and the auditory processor, clicks will be discriminated purely on the basis of their

acoustic characteristics.

The schematized diagram in Figure 1 illustrates the role of the intervening layer

of phonological structure and how this level, in effect, funnels the acoustic signal ioto

the phonemic categories of the SPeaker's language.13

lIA slightly weaker position is tha~ although the degradation of speech perception is not coused
by the acquisition of phonological representations, it is, in fact. that phonologica1 structure which
uJtimately enforces the boundaries ofeategorical perception.

12 Although English leamers may have experience with clicks as non-speech sounds (e.g. tsking
or clucking to urge a horse along), this does not constitute linguistic experience.

1J Best (1993, 1994) has developed a Perceptual Assimilation Model ta expIain the mie that a
speaker's LI phonological system plays in the perception of non-native sounds. According to her
model, non-native sounds are assimilated to a listener's native categories on the basis of their respective
articulatory similarities; the degree to which a non-native contrast cao be assimilaled to native
categories detennincs how weil (if at aU) a listener will be able ta perceive that non-native contrast.
While Besfs proposai is similar in spirit to the one outlined in this paper, it lacles precise objective
criteria for detennining (and prcdieting) how non-native contrasts will be assimilated into native
categories. For example, bath Best's model and my proposai prediet that English speakers will be
unable to discriminate the Salish Ik-ql contrast, however according to Best this inability results from
the faet that the two sounds are "articulatorily similar" for English speakers, whereas under my
proposai, the two sounds are not discriminated because English speakers' grammars lack the
phonological feature that distinguishes the two sounds (either, [high] or [PharyngealD. Thus, although
Best's model describes the role of a speakers LI phonological system plays in the perception of non
native sounds, it does not provide an explanation.
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Figure 1
Mediation of Speech Perception by Phonologieal Structure

Place
/:~

lU ..- - - - -coronal : dorsa~ - - - -+. Iki
: /' phonological ~ : phonemic categories

IV~ - -retroflex structure ope~ - ~ Iql
J

• [ t] [k l [Q] phonetïc categories

acoustie signal

•

The feature geometry depicted is from a hypothetical language in which It/, IV, Iql and

lkJ are distinct phonemes; we will ooly consider the Coronal and Dorsal nodes (and

their dependents) of the geometry.14 Starting from the bottom of the diagram, the

acoustic signal is first broken down into phonetic categories. At this level, the acoustic

signais for an alveolar [t] and a retroflex [tJ remain distinct. These stimuli then pass ta

the second level which consists of a SPeaker's feature geometry. This phonologicaI

structure serves ta further categorize the phonetic stimuli into phonemic categories.

Because this language exploits a dependent feature of [CoronaI], the phonetic signais

for Ct] and [t] are cbanneled into the distinct phonemic categories It! and IV, which are

then fed into the auditory processor. The acoustic signaIs for [q] and [k] are processed

in the same way. This model of speech perception is supported by research by Werker

& Logan (1985), who found evidence for three distinct levels of processing: depending

on the length of the interval placed between the stimuli (and hence on the memory 1000

required ta perform the task), subjects exhibit perception at either the auditory, phonetic

or phonemic leveL In particular, these researchers showed that, under certain

14 For this illustration and subsequent argumen~ it is not important whether [high] or sorne other
phonologica1 feature (e.g. (pharyngeal] distinguishes IqI and /lu).
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conditions, English speakers are able 10 auditorily discriminate the Hindi It-v contrast

more accurately than predicted by chance. According to the model in Figure l, the

acoustic signal will first he divided into distinct phonetic categories, which are ooly

subsequently categorized into native phonemic categories. Thus, regardless of the

phonological system of a speaker, non-native contrasts are distinct at some level and

may he discriminated under cenain controlled conditions, as Werker & Logan have

demonstrated.

The diagram in Figure 2 ilIustrates, in slightly more abstract terms, how the

speech perception ofEnglis~Hindi and Salish speakers differs from one another.

Salish

'lllfl
Oorl DT"

1 1
[k] [q]

'fI
~I

/ \
[tfi [\ ]

Figure 2
Cross-language Speech Perception

Enllisll Hindi

If! Il' If' If' Il'
~ ~I Corrre~ Oo./l\\I.
/ \ i \ 1

[f] [t] [k] [q] ft] [~] [lé] (q]

phonemic categories

phonetic categories

phonological structure

•

acoustic signal

•
In Engli~ the feature [Coronal] serves to distinguish coronaIs from non-coronals

(e.g., It! vs. Ip/), but no distinction is made within the coronal place of articulation

(e.g., It! vs. Itf). Thus, the English feature geometry does oot contain the feature

(retroflex]. As a result, differeot coronal sounds, regardless of their distinct acoustic

signais, are perceived as a single phonemic category. L ikewise, English makes no

phonemic distinction between velar and uvular sounds; therefore, the Dorsal node bas

no dependents and velar and uvular sounds wiU he perceived as the English phoneme

/kI. The feature geometty of Hindi a1so lacles the Dorsal depeodeot [open], 50 that

perception of [k] and [q] as lkJ is the same as for English speakers. Unlike Englis~

however, the Hindi feature geometry contains both the feature [Coronal] and its

dependeot [retroflex]. Thus, ail caronal sounds will oot he funneled into one phonemic

category; the two feat\U'eS in the geometry ensure that It! and It! will he perœived as

distinct phonemes. In Sa1is~ the situation is just the reverse: lkI and Iq/ are perceived as
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distinct pbonemes (due to the presence of the feature [open] as a dependent of the

Dorsal node) while the acoustic signais for It! and It! are perceived as the single

phoneme Iti (due to the absence of[Coronal] dependents).

To summarize thus fary 1 have suggested that a leamer's acquisition of feature

geometry in LI acquisition causes the graduaI decline in the ability ta acoustically

discriminate non·native contrasts. Exposing the link between a leamer's pbonological

development and bis or ber subsequent perception of speech will have important

implications for the acquisition ofa second language. In particular, we bave established

how the LI grammar maps the L2 input onto existing LI pbonological categories,

effectively eliminating eues in the acoustic signal that could potentially trigger further

acquisition. In the next sectio~ 1 outline sorne of the predictions this model of

phonological interference makes for the L2 acquisition ofnon·native contrasts.

3.2.3. Implications for L2 acquisition

There are three primary types of non·native contrasts that an L2 learner might acquire.

In the first tyPe, eacb member ofthe contrast is similar to distinct segments in bis or ber

LI. For example, the Salish contrast between glottalized It'1 and glottalized !k.'1

corresponds to the English Iti - lkI contrast. In such a case, the learner will categorize

the members of the non·native contrast into pbonemic categories of bis or ber LI"

which are themselves contrastive. Thos, an L2 leamer will he able to acoustically

discriminate a non-native contrast ifthe members of that contrast correspond to distinct

phonemes in the learner's native language. An L2 leamer in this situation is able ta

acoustically discriminate the non·native contrast, not on the basis of their individual

phonetic characteristics, but by virtue of the faet that each is petœived as a distinct

phoneme in the LI. Therefore, no new phonological structure will he added to the

interlanguage grammar and the speaker will likely utilize bis or ber existing

representations ofthe native segments to represent the new segments.• S Acquisition of

1S (n arder 10 detennine whether the lcamer has constnJeted new representations or has merely
substituted existing ones~ one wouId need to examine whether the speaker could distinguish
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this type of non-native contrast is not particularly illuminating to our understanding of

how (if at all) novel segmental representations are acquired by L2 leamers~ since the

auditory and phonological discrimination of this type of contrast can he accomplished

using one"s LI.

A more interesting situation occurs when neither member of the non-native

contrast is (or COrresPOnds to) a phoneme in the leamer's native language. The

acquisition ofZulu clicks by English speakers falls ioto this category. No phonological

structure will have been posited in the learner~s LI 10 represent either of the segments,

50 that perception ofthe contrast will not he blocked by the leamer's LI. If UG is still

available for L2 acquisition., then deteetion of the contrast will trigger the addition of

structure to the leamer"s feature geometry. He or she will, therefore, he able to

consttuct the representations of the two non-native segments. If UG is not available,

the~ although the leamer will detect a contrast in the input., the mechanism for

elaborating segmental structure will not he operative and novel segmental

representations will not he constructed. Acquisition of this type of contrast is the most

interesting, as it most closely mirrors first language acquisition. Unfortunately, gjven

the linguistic constraints on possible phonological oppositions, it is very difficult to find

a phonemic contrast that does not share either memher with some other language (clicks

are a rare example).

The final type ofnon..native contrast tbat a L2 leamer might try 10 acquire is the

type stlldied by Werker, in which one of the members of the non-native contrast is a

phoneme in the leamer' s LI. In this case, the proposai outlined above predicts that

perception ofthe non-native conttast will he blocked by the leamer's LI grammar: the

LI feature geometry will funnel the acoustic signaIs for the two segments into one

native phonemic category. If the leamer does not (in fact., canno/) deteet a contrast

between two segments in the L2 input, then elaboration of the feature geometty in the

leamer's interlanguage grammar will not he triggered. Hence, the leamer will not have

the phonological structure necessary 10 represent the two segments as distinct phonemes

(perceptually and linguistically) the novel segments from the corresponding native segment (e.g. ItYI
from Itl).
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in bis or ber interlanguage grammar. The remainder of this paper reports two

experimental studies which investigate the predictions conceming acquisition of this

type ofnon-native contrast.

3.3 Experiment 1

3.3.1. Properties ofJapanese and Mandarin Chinese &
the contrasts investigated

This experiment investigates the acquisition of the English Il-r/ contrast by Japanese

and Mandarin Chïnese speakers. These language groups were chosen because neither

contrasts /li and Irl phonemically. In additio~ an extensive amount of research bas

already been conducted on the perception of II/ and Irl by Japanese speakers (e.g.,

Goto, 1971; Miyawaki, Strange, Verbrugge, Libe~ Jenkins & FujimUJ'a, 1975;

Sheldon & Sttange, 1982; Yamada, 1995; inter a/ia). This previous research

demonstrates clearly that Japanese speakers do oot accurately perceive the Il-rl contrast;

thus, we have a strong indication that our L2 leamers have difficulty with this English

contrast. However, the prior research bas ooly assessed their auditory perception of

these sounds and bas not investigated whether they can acquire novel phonological

representations for these sounds. Hence, research that assesses bath the auditory and

phooological capabilities of Japanese speakers is still needed; to the best of my

knowledge, the perception and acquisition ofthe Il-rl contrast by Chïnese speakers bas

not yet been investigated.

Before examining the design and results of this experiment, we must first

consider the characteristics of the language groups being investigated in closer detail.

The phoneme inventory ofJapanese contains one liquid described as a flap Irl, wbich is

not identical to the central approximant Irl in English (Maddieson, 1984). This phoneme

has severa! variants7 conditioned by the phonological context. One of these variants is

phonetically similar to English /li. Tbus, Japanese phonetic /1/ and Irl are allophones of

a single liquid phoneme Ir/. The underlying representation of this phoneme is given

below, repeated from (3).
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(4) Irl
ROOT
~

SV PLACE

1
approximant

Sînce the two liquids are not separate phonemes in Japanese, Irl need not he

distinguished from III underlyingly. Thus, in contrast to English Irl, the feature

[CoronaI] is not present in its representation (cf. example (2b). This Japanese liquid

may only appear in a simple onset position; consonantal clusters are prohibited by

Japanese syUable structure constraints and although codas are permitted, they may ooly

he filled by the coronal nasal loi, a nasal that is homorganic with the foUowing onset or

the first half of a voiceless obstruent geminate. These phonotactic constraints further

distinguish Japanese from English and may, in fact, factor mto the acquisition of

English phonemes.

Mandarin Chinese, like Japanese, lacks the contrast under investigation;

however, its inventory contains the lateral approximant III rather than the central

approximant. 16 The representation of this segment is identical 10 the Japanese liquid

shown in (4). The phonetic rea1ization ofthis segment does not vary betweenlll and Irl,

as it does in Japanese. Consonantal clusters are also prohibited in Mandarin Chinese

and codas are restricted to the coronal and velar nasals. Thus, Mandarin Chïnese and

Japanese are quite similar with respect to their inventory of liquids and syUable structure

constraints.

16 The claim that Mandarin Chinese does not contrast IV and Irl phonemicaJly requires sorne
comment. This language contains IV and a segment which is transcnbed in romanized script as ..~; this
transcription gives the impression that there is a contrast betwecn the lateral approximant IV and a
central approximant Ir/. This "r" segment, however, is classified by linguists as a voiced reb'Oflex
fricative, 111. For this study, 1follow Maddieson (1984) in treating 111 as a voiced retroflex fricative and,
crucially, not as a retroflex sonorant But compare Rice (1992) who analyzes this segment as Irl
underlyingly; postulating that it surfaces as a voiceless retroflex fricative [~] in onset position and as
rhoticization of the vowel when in coda position [~]. Thus, according to this analysis, Irl and IV do
contrast as sonorants in Mandarin. However, it is not clear that this analysis is correct. The coda
position in Mandarin is n:stricted to nasals; thus it is unlikcly that the rhoticization of the vowel is
from the presence ofan approximant in the coda position. Finally, only certain vowels are rhoticized
(Chao, 1968; Wu, 1991). This suggests that the rhoticization is a property of the vowel itselt: rather
than the result ofIrl in the coda position.

-140-



•

•

According ta our proposai that a speaker's LI feature geometry causes the

decline in bis or ber ability ta perceive non-native contrasts, the Mandarin Chînese and

Japanese speakers should bath he unable 10 acoustically discriminate /II from Ir/. Given

that the perception ofa contrast is required for the acquisition of segmental structure to

represent that contrast, speakers ofboth languages should also be unable to acquire this

non-native contrast.

3.3.2. Methodology

Subj.cts

lbirty-two adults with no evidence of hearing loss participated in this study. Two of

these subjects were subsequently eliminated as outliers based on their language profiles;

their performance is discussed in footnote 26. The first experimental group consisted of

ten Japanese speakers who had leamed English as their only second language. AIl of

the subjects in this group were raised in Japan and came to North America as adults to

study in undergraduate or graduate programs at McGill University in Montreal, Canada.

These subjects were between twenty-five and thirty-seven years of age at the time of

testing. The reported age of first exposure to English for these subjects ranged from ten

years old to sÏxteen years old. Each subject had studied English in school in Japan for a

minimwn of six years up to a maximum of thirteen years. The length of time these

subjects had been continuously living in North America ranged from two months 10

seven years.

The second experimental group consisted of ten Chinese speakers who had

learned English as a second language (nine oftbese were native Mandarin speakers and

one was a native speaker ofCantonese who leamed Mandarin in grade school). Chïnese

and English were their only languages, with the exception of one Mandarin speaker

who also spoke Japanese as a second language. Ali of the subjects in this group were

raised in either China, Taiwan or Hong Kong and came as adults to North America to

study or work at McGilI University. They were between twenty-five years and fifty

three years old at the time of testing. The reported age of first exposure to English
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varied considerably among the Chïnese subjects, from as young as four years old up ta

thirty-eight years olel l 7 The number ofyears these subjeets had spent studying English

in China also varied considerably, ranging from one and a half years to thirteen years.

These subjects &ad lived in North America ftom eight months ta nine years al the time

oftesting.

The final group in this study consisted oflen monolingual speakers of American

English who served as contrais. They ranged in age from twenty~ne years ta fifty

three years. Table 1 summarizes the background information for each of the three

groups. Note tbat the Japanese and Chinese groups are quile comparable in terms ofage

and years spent in North Ameri~while the Japanese subjects have spent more tinte

studying English in their country oforigin and were exposed ta English at an earlier age

than the Chïnese subjects. AlI subjects were paid for their participation.

Group

Table 1
Subject Information

Mean Mean Mean
Age at Age of Years

Mean
Years in

•

Testing -- Studied N.America

Japanese 30.3 12.3 9.6 3

Chïnese 32.4 16.7 5.6 4.5

Controls 31.5 - - -

Tasks & ""t.,/al_
Rationalefor rasles

There are two types ofdata that might he used to determine whether a second language

leamer bas acquired a non-native contrast. Production data might provide evidence that

the leamer bas acquired sufficient underlying structure to represent a given contrast if

the leamer accurately and consistently produces that contrast. However, as Brown &

17 The Chinese subjeet that was exposed to English at four years old does not technically qualify
as an adult L2 leamer. However. as reponcd in §4.3.1 and §4.J.2. there was no correlation between age
of exposure and performance on the two wks in this study. Moreover9 this young subjeet did not
perform significantly differently than the otber Chincse subjects and was9 therefore. included in my
analysis.

-142-



•

•

Matthews (1993, in press) point out, using production data alone to evaluate the

phonological development of children is potentially misleading because a child's

production ofa particular contrast may he delayed due to independent limitations (e.g.,

insufficient motor control to make the necessary articulatory gesture). A child may bave

the necessary structure in bis or her grammar to distinguish two sounds yet be unable 10

produce the difference between the two sounds consistently or even unable ta produce

the sounds at ail, in the case of pre-verbal children. Thus, relying on production data

may lead to an underestimation ofthe child's phonological competence.

In the case ofsecond language acquisitio~ the situation May he just the reverse.

Severa! researchers bave demonstrated that L2 leamers May he able to accurately

produce a non-native contrast even though the same learners are unable to distinguish

the two sounds perceptually (Brière, 1966; Flege, 1995; Goto, 1971; Sheldon &

Strange, 1982). Sïnce adult leamers have a developed motor control syste~ they are

often able (with practice) to execute the necessary articulations. In fact, in the case of

the Japanese speakers, much of their phonologica1 training in Englisb classes is devoted

to the mastery of the articulation of IV and Ir/. Once a speaker knows the spelling of a

word that contains III or /r/, he or she cao accurately produce the correct liquid, thus

giving the appearance of having acquired the contrast. 18 Therefore, if we rely on

production data we may falsely attribute more segmental structure to a leamer's

underlying phonological competence than he or she actually bas. On the other band,

sorne L2 learners are unable to correctlY produce a novel contrast in spite of their ability

to perceive that contrast, in which case we would underestimate the leamer's

competence.

Comprehension data also provide an opportunity to determine whether a leamer

bas developed sufficient underlying structure to support a phonemic contrast. Data from

comprehension tasks are taken by many researchers to he a more accurate indication of

the underlying competence than production abilities, precisely because fewer peripheral

18 Ta my knowledge, no one has investigated how this knowledge ofproper articulation might be
encoded into the leamer's lexical representation ofwords. ft is not c1ear that this knowledge. which is
dependent on onhography, is linguistic in nature or is represented in terms ofphonological structure.
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perfonnance systems intervene which might obscure the data. Ifa leamer accuratelyand

consistently distinguishes two particular 50unds in a comprehension task~ then we can

assume that the leamer bas the structure in bis or her grammar necessary to represent

the particular conttast. On the other han~ if a leamer does not distinguish two 50unds

in this type oftas~ we can assume that bis or her phonological representation lacks the

relevant structure to differentiate the two segments.

AX Discrimination

There are two aspects of the L2 leamers~ interlanguage grammar that will he

investigated here. Since our hypothesis is that the leamer will ooly acquire the

segmental representations for those conttasts which he or she accurately perceives~ we

need to first detennine whether or not the leamer cao acoustically discriminate the two

sounds that comprise the non-native contrast. An AX Discrimination task was used to

assess the subjects' ability to acoustically discriminate 11/ from Ir/. In this tas~ the

subject hears a minimal pair, one item containing an II/ and the other item containing an

Ir/, and is asked 10 indicate whether the words are the same or different (e.g., rip / /ip).

The items used in the test were natural tokens of real English monosyUabic words.

These tokens were spoken by a man with a standard (Califomian) American English

accent and recorded 50 that the stimuli were identical for every subject. Tbree different

types ofwords were used for the experimental conditions: the first type differed ooly in

a single onset consonant (e.g., rock / /ock), the second type differed in complex onset

(e.g., crown / clown) and the third type difIered with respect to the coda consonant

(e.g., earleel). The position ofthe /li and Irl was varied in order to detennine whether

the position ofthe contrast in the word would he a factor in the ability of the learners to

acquire the contrast. In particular, segments in the coda position of a syllable have a

unique relationship with the nucleus since they are bath in the rhyme of the syUable and

can, therefore, affect the phonetic realization of the nucleus; for example, it bas been

established that voiced consonants systematicaUy lengthen the duration of the preceding

vowel (peterson & Lehiste, 1967). Therefore, we might expect differential Performance
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on the coda conditio~quite independent of the phonological properties of the leamer's

LI.

Two types of foils were included in the test materials. Seven minimal pairs

contained onsets that differed by a consonant other than III or Irl (e.g.y peas/lceys). This

foil type was included as a means of checking that poor performance on the task was

not due to difficulty with the task itself; any difficuIty with the task would he reflected

in poor perfonnance on the foil items as weil as on the experimental items. These foils

were aIso intended to distract the subjects' attention from the specific contrast on which

they were being tested. A second type offoil was included to detect any response bias.

Sînce each experimental mjnimal pair differs with respect 10 sorne consonant, the

correct response for every trial is that the words are acoustically different. Any response

bias or strategy toward responding that ail of the pairs were different would result in

accurate perfonnance. This was not an unlikely possibilityy especially for the Japanese

speakers who are (explicitly) aware that !li and Irl are contrastive in English. If a

subject had guessed what the experiment was investigatingy he or she might have

responded ~~differentn to each of the test items. This second foil type consisted of

sixteen pairs of words in which the two stimuli were identical (e.g.9 /amb/lamb9

glass/glass, pear/pear). If a subject responded that these identical stimuli were different

a majority of the time9 that subjecCs data were discarded.

Six pairs of each of the three experimental conditions (e.g.9 simple onset"

complex Onse4 coda) were included. In order to examine the effect (if any) of the

neighboring vowel on the acquisition of the con~ the vowel was varied in each of

the pairs, when possible. 19 The initial consonant of the complex onset also differed

19 An anonymous reviewer has pointed out !hat three of the six coda pairs are not perfect minimal
pairs.. since the vowels in these pairs are not identicaJ. As mentioned above. a coda lU or Irl will have a
significant etfect on the phonetic reaJization ofthe preceding vowel; thus, regardless of which vowel is
in the nucleus, the coda liquid will calor its realization. The dcgree to which the liquid colors the
nucleus differs considerably depending on the type of vowel; 50, for example, baek vowels sueh as 10/
will be more sD'Ongly affceted than front vowels sueh as rai (compare bowl/boar with tile/tire). As the
list of stimuli in Appendix A indicates, bath back and front vowels were bath included to ensure that
the obtained results were not simply an artifaet of a single vowel type; unfortunately, one of the
consequences of controlling for vowel height and backness is that some of the minimal pairs are not
perfee!. However, as we will sec in the results sectioOy subjeets perfonned unifonnly on ail of the coda
minimal pairs, indicating that our findings are not eompromised by the inclusion of the minimal pairs
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with respect to place of articulation and manner of articulation whenever possible.

These variations ensured that any difficulty with the contrast was not due to difficulty

with a specific vowel or type of consonant in the complex onset. The vowels were

varied for the foil items as welle Care was also taken to choose items that would be

relatively familiar to second language learners. See Appendix C for a complete üst of

stimuli used. Each ofthe experimental and foil pairs appeared twice in the test for a total

ofsïxty...six items. The orderofthe two stimuli in a given trial was reversed for each of

the two trials containing that pair in arder ta guard against any possible efIects for

presentation arder orthe contras! (e.g., once as ralœl/ab!, once as la/œ/ra/œ). The order

of the trials in the test was pseuda...random.lfany sequence ofthree identical conditions

(Le., word...positions) occurred after randomly ordering the items, the third item was

separated from the other two. This order of the sixty...six trials was then reversed to

create a second test version to control for potential fatigue factors. Each test version was

presented to fifteen of the thirty subjects.

ForcedChoice Picture Selection

The second aspect investigated 15 whether those subjects who can acoustically

discriminate the non-native contrast are able to acquire the phonological structure

necessary to distinguish the two sounds phonologically; in other words, when the

requisite conditions are met, is acquisition of non-native phonemes possible? Subjects

were given a Forced Choice Picture Selection task (modified from Brown & Matthews,

1993, in press), in which the subject is presented with two pictures as weil as a verbal

cue that corresponds to one of the pictures.20 For example, the subject would see a

picture ofa ra/œ on the left side of the page and a picture ofa lake on the right side and,

at the same time, hear the word la/œ. The subject's task is to indicate which of the

pictures the verbal cue names. In order to successfully complete this task, the leamer

must access his or her internai phonological representations of the pictured objects and

whose vowels are more strongly affected by the coda. Phonetic transcriptions of the coda stimuli. as
produced for the experimental task. are included in Appendix A.

20 The materials used in stimuli preparation for the pieture test repol1ed here were adapted ftom the
Bilingual Aphasia Test (paradis &. Libben. 1987).
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detennine which lexical representation corresponds to the verbal stimulus. If the

subject's lexical representations ofthe pictured objects are identical (Le., if they do not

have the necessary phonological structure ta contrast II/ and Ir!), then he or she will he

unable to determine which picture the verbal cue corresponds ta and should perfonn the

task with chance accuracy. Successful completion of this task indicates that the subject

bas acquired the non-native contrast and differentiates 111 and Irl in bis or ber lexical

representations.

Each stimulus item contained two black and white pictures (see Appendix D).

The pictured objects differed minimally with respect 10 the 111 - Irl contrast. Each anay

of pictures was presented with a verbal cue that c0rresPOnded to one of the two

pictures. The monosyllabic words used in this task were the same as those used in the

AX Discrimination tas~ with the exception of the identical-word pairs, which were

omitted. As in the discrimination task, there were six pairs of each experimental

condition and seven foil pairs which contrasted segments other than 111 and Ir/. Each of

these pairs was repeated in the test for a total of fifty trials. Each occurrence of a

particular diad was presented with a different verbal cue and each tinte in a difIerent

spatial arrangement. In order to avoid any biases for position on the card, twenty-five

trials had the correct pieture in the right position and twenty-five had the correct picture

in the left position; thus, in half of the trials the pictured object in the right position

contained an fil and in the other balfan Ir/. The order of the trials in this test was, as in

the discrimination task, pseudo-random. If any sequence of three identical conditions

occurred after randomly ordering the ite~ the third item was separated from the other

two. Trials for which the correct answer was consecutively three or more times in the

right position or the left position were also separated. This order of the fifty picture

arrays was then reversed for a second test versio~which was completed by haIf of the

subjects.

A training book was constructed which included every picture (one to a page)

that appears in the experimental test. This book was used 10 familiarize the subjects with

each of the pictures, and corresponding name, ta he shown in the Picture task. This
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was done in order ta minjmj;re any errors that might he caused by the subjects'

unfamiliarity with a particular stimulus or illustration ofan item.

Procedure

Each subject was tested individually in a quiet room with the experimenter. 80th tasks

were completed in one testing session which lasted approximately forly minutes,

including a five minute break hetween tasks. After fiIling out a brief language profile,

each subject completed the Discrimination Task followed by the Picture Task. The

discrimination task was given before the pieture task to ensure that the subjects

discriminated the mjnimal pairs on the basis of their acoustic properties aJone, rather

than any knowledge of the particular items (i.e., the knowledge that a word cootaining

IV had a minimal pair containing /r/, or vice versa). The instructions for each task were

read to the subject in English and appeared in written form on each response sheet. An

example was also given hefore testing began. The stimuli were preseoted to the subjects

binaurally over a Sony business machine (BM-75) at a comfortable listening level.

Subjects responded immediately 10 each trial and were oot allowed ta rewind or stop the

tape. Subjects responded to each trial by circling either '6same" or '6differeot" on the

response sheet or, in the event that they could oot make a judgement, Unot sure". 1bis

task look approximately ten minutes for subjects to complete.

Before starting the Pictw'e task there was a short training period during which

the experimenter showed each ofthe pictures in the training book 10 the subject and told

him or her the name of each object. If the subject did not know the name or did oot

recognize the object, a few moments were spent explaining the meaning of the stimulus

item to the subject. When the experimenter was satisfied that the subject was familiar

with each of the pictures, the Picture task was administered. Subjects were instructed to

circle either uleft" or '6right" on the response sheet, depending on the position of the

named object, or "oot sure" in the event that they could not detennine which picture

corresponded to the verbal eue. This task took approximately fifteen minutes to

complete. At the end ofthe testing session, the subject was asked infonnally if they had
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round either ofthe tasks difficult and whether or not they had experienced any difficulty

leaming the llI-Irl contrast in English.

3.3.3. Results

A udltory Discrimination Task

For the auditory discrimination tas~ a resplnse that the two words in the minimal pair

were ~4different"was counted as correct and a ~4same" resJX>nse was counted as anerror.

•
Performance on foil pairs which consisted of identical words (e.g.~ rice/rice) was not

included in the tabulation ofsubjects' scores since accurate performance 00 these items

would he consistent with the subject~s LI and would not reveal properties of bis or ber

interlanguage grammar. i'Not sure" reSPOnses on this task were discarded and a

subject' s overall performance score was calculated as the percentage correct on the

remaining experimeotal trials.21 Performance scores on each of the experimental

conditions (Le., different positions of the III-Irl contrast in the word) were tabulated

separately for statistical analysis. No effect was found for test versio~ 50 scores from

versions A and B were POOled. Figure 3 reports the Mean performance scores of aIl

groups, according to experimental condition.

(;:J Onset
• Cluster
~ Coda
• Foil
* = significantly different from

those columns which lack
an asterisk

ControlsChinese
Groups

Japanese
o

Figure 3
Overall Auditory Performance Dy Group

_100
~
~

~ 80

c.; 60
~

co
fi 40
c
u
~ 20
~

•

2 1 A subjeet may have responded '~not sure" for a variety of extralinguistic reasons. including
having not heard one ofthe two items completely. Importantly, a "'not sure" response would not reflect
either the subjeet's LI or interlanguage grammar: as both grammars would categorizc the two acoustic
signais as either the same sound or as different sounds. there should not he confusion or uncertainty.
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From the subjects' near perfeet 10 perfeet performance on the foils (i.e., non II/-Ir!

pairs), it is clear that poor performance on any other experimental condition is due

entirely 10 the /II-/rl contrast and not the task itself: A factorial ANOVA revea1s highly

significant differences between groups for the onset condition, F (2, 27) = 171.025, P

= .0001, and the cluster conditio~ F (2, 27) = 71.381, p = .0001. Post-hoc Scheffe

tests (p<.OS) indicate that the Japanese group ditTers significantly from both the

Chïnese and Control groups on these two conditions while the Chïnese and Control

groups do not differ significantly from each other. There was no significant difference

between the three groups on the coda condition or the foils. In order to evaluate the

performance of each language group, further analyses were carried out on individual

groups.

Japanese

Performance scores for the Japanese group are given in Table 2; these scores are

reported in percentage correct. A repeated measures ANOVA on the Mean scores shows

a significant difference between the various experimental conditions, F (9, 30) =

185.017, P = .0001. Post-hoc Scheffe tests (p<.OS) indicate that performance on the

coda condition is significantly better than on either the onset or the cluster condition

whereas perfonnance on the onset and cluster conditions are not significantly different

from one another. These results suggest that Japanese leamers of English cannot

perceive the contrast between 11/ and Ir! auditorily when it is in the onset (31%) or

cluster position (38%).22 What is somewhat surprising is the Japanese subjects'

perfonnance on the coda position which, al 990" correct, is strikingly different from the

two other experimental conditions.

22 Based on the Japanese LI grammar, wc would theoretically expect ()oA. correct perfonnanœ on
these conditions. That is, they should not discriminate any of the stimuli pairs. However, in practice,
it is possible that sorne of the stimulus items were discriminated on the basis of sorne non-linguistic
criterion, such as duration or amplitude (the stimuli were not controlled for these types of variations).
[n any case, the below-chance perfonnance indieates that the Japanese subjects were not able to reliably
use this non-linguistic criterion to distinguish the stimulus pairs. Moreover, their perfonnance
demonstrates that they are unable to utilize the phonetic cues (which are consistently present) to
distinguish IV and Ir/.
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Table 1
Japaaese Perfor.aace Auditory Task

Subject Onset Cluster Coda

1 25 33.3 100

2 20 30 100

3 40 40 100

4 58.3 41.7 100

s 33.3 58.3 100

6 9.1 11.1 100

7 50 41.7 100

8 16.7 50 100

9 25 41.7 91.9

10 33.3 33.3 100

Means 31.1% 38.1% 99.3%

While group means indicate a difference between Chînese and Japanese

speakers, we must consider the performance of individuals to ensure that differenœs

between the groups are not due to a few individuals. Based on a standard binomial

distributio~ the probability that an individual could randomly choose correctly between

two equally likely choiœs ten times out of twelve is less than the standardly accepted

5%. Therefore, a score of83.3% (Le., ten out of the twelve trials) bas been set as the

criterion for successful perfonnance on a given experimental condition. Bolded typefaœ

in Table 2 (and aIl following tables) designates those conditions on which criterion was

reached. Each Japanese subject reached criterion in the coda conditio~ yet failed to

reach criterion on both the onset and c1uster conditions. This indieates that, although

there is sorne variation (compare subjects 4 and 6), the group scores do, in fact, reflect

individual performances.

Chinese

Table 3 shows the performance of the Chïnese subjects. A repeated measures ANOVA

on the Mean scores reveals a statistical difference between experimental conditions, F

(9, 30) = 3.332, p = .0343. Post-hoc procedures indicate that perfonnance on the
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cluster condition is significandy different than perfonnance on the onset and coda

conditions according to the Fisher test (however~ not according to the more stringent

Scheffe procedure). What is important to note about these Chinese results is that

performance on aIl of the experimental conditions is weil above the level predicted by

chance. This is in stark contrast to the perfonnance of the Japanese subjects on the

onset and cluster conditions. Thus, although performance by the Chïnese is

significantly better on the onset and coda conditions, performance on the cluster

condition is still weil above chance.

Table 3
CbiDese PerformaDce Auditory Task

Subiea Onset Cluster Coda

11 91.7 50 91.7

12 100 100 100

13 100 91.7 100

14 100 100 100

IS 100 91.7 100

16 83.3 66.7 91.7

17 100 91.7 100

18 100 100 100

19 100 100 100

20 100 100 100

Means 97.5% 89.2% 98.3°t'.

Examination ofthe individual scores shows tbat every subject, except for two,

reached criterion on ail three conditions. Subjects Il and 16 failed to reach criterion on

the cIuster condition. Apart from these two exceptions, the individual data are consistent

with the group results: each Chinese subject is able to perceive the IV-Irl contrast

auditorily in onset position and coda position, while the majority of subjects are also

able to perceive that contrast in consonantal clusters.

These results show that, contra to our hypothesis~ the two language groups

perfonn differently on this task: Chïnese speakers accurately discriminate the contrast
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while Japanese speakers perform at or helow chance. This difference in language

groups suggests that the subjects' specifie LI (not simply whether their LI contains the

contrast Wlder investigation) is the key factor in determining performance on the task.

We would also like to determine if any other factors play a role in the performance of

this task. In order to investigate these factors, severa! correlations were computed

aCTOSS groups and within groups. The first factor investigated was age ofexposure. We

found a slight correlation between age of exposure and performance on the auditory

task; however, this correlation was not significant, r = .285, p > .05. Similarly, when

we factor out the Lis, and consider each group individually, we find no significant

correlation hetween age ofexposure and either the Japanese subjects' performance, r =

-.314, p > .05, or the Chinese subjects' performance, r == -.044, P > .05. Thus,

perfonnance on this task does not appear to he intluenced by age of exposure. The

effect ofnumber ofyears English had been studied and number of years spent in North

America on performance was aIso examined. There was a (non-significant) moderate

negative correlation between the nwnber of years English had been studied by the

subjects and performance on each of the experimental conditions across the two groups,

f = -.438, P > .05. These factors were also not significantJy correlated within the

Japanese group, r = .117~ P >.05, or the Chïnese group, f = .294, P > .05. No

significant correlation was discovered between the numbers of years the subjects had

spent in North America and performance on this task for the Japanese group, r = .228..

p> .05, the Chinese group, r = -.043, P > .05, or across these groups, r = .268.. p >

.05.

Plcture Identification Ta.1e

For the picture identification task, selection of the target picture was counted as a correct

response and selection of the contrast picture was counted as an errOf. "Not sure"

responses were aIso considered errors.23 They were scored this way because the task

23 The reader will notice that ~ot sure" responses were not included in the tabulation of
perfonnance scores on the auditory task. Due ta the diffcrcnt natures of the two tasks, it is appropriate
to treat Unot sure" responses differently in each of the two tasks. In the auditory tas~ subjcets may he
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requires the subject 10 choose one of two pictures based on bis or ber internai

representation ofthose objects. If the subject's grammar does notdistinguish IV and Irl,

then he or she will be unable to choose the correct picture and "not suren is an

appropriate, albeit incorrect, response. There were, in fact, very few "not sure"

responses across subjects, suggesting that ifthey were not sure they just guessed.

Figure 4
Overall Pic:ture Performance Dy Group

•
fJ Onset
• Cluster
ta Coda
• Foit
* = significantly diffcrcnt from

those columns which lad:
an astcrislc

Japanese Chinese

Groups
Controis

•

We will begin with a comparison of the groups' perfonnances, given in Figure

4. There was again no difference between performance of the two test versions and they

were, therefore, pooled. A quick comparison of this graph with Figure 3 shows that the

overall pattern of perfonnance across groups on this task is very sunilar to the pattern

on the auditory task. Neac perfect to perfect perfonnance was attained for aIl groups on

the foils in this task. Thus, as with the auditory task, perfonnance 00 the IIJ-Irl contrast

cao be interpreted independeotly of the task per se. A factorial ANOVA reveaIs that

groups performed significantly differently from one another on the onset condition, F

(2, 27) = 43.74, P = .0001, and on the cluster condition, F (2, 27) = 41.524, p. =

0001. Scheffe tests show that the Japanese group performed significantly worse than

the Chïnese and Control groups. There is no significant difference between the Chïnese

and Control groups. The performance of the Chïnese and Japanese groups are

considered separately below.

unsure about a particular trial if they misheard one of the stimuli; their LI or interlanguage grammar
will not cause uncertainty. In the picture tas~ on the other han~ subjects are less Iikely to be unsure
due to sorne non-linguistic reasons; rather, they will be unsure because their LI or interlanguage
grammar provides them no means to distinguish the two picmres.
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The Mean performance scores of the Japanese group shown in Table 4 were subjected

to a repeated measures ANOVA.

Table 4
Japa.ese Performa.~ePi~tureTask

Subject Onset Cluster Coda

1 75 41.7 100

2 75 58.3 75

3 58.3 50 100

4 91.7 75 100

5 75 83.3 100

6 16.7 8.3 66.7

7 66.7 75 100

8 58.3 33 91.7

9 25 50 91.7

10 50 33 100

Means 59.2% 50.8% 92.5%

This ANOVA indicates a significant difference between performance on the three

experimental conditions~ F (9, 30) = 41.513~ P = .0001. According to Scheffe post

hoc tests (p<.05), performance on the coda condition was significantly better than that

of either the onset or cluster condition. Performance on the onset condition was not

significantly different than performance on the c1uster condition (59.2% vs. 50%), both

are within the range of chance. Thus, these subjects were unable ta accurately

distinguish two pietures whose names differed minimally when the contrast was in

onset or cluster position. When the contrast was in coda position, however~ subjects

accurately distinguished the pictures.

This observation is confirmed by an examination of individual scores. The

majority ofsubjects are unable to accurately perform this task for the onset and cluster

conditions, yet they are able to perform it when the contrast is in coda position. There

are two exceptions to this general finding, though. Subject 4 is able to accurately

-155 -



•

•

distinguish /1/ and Irl in onset position and subject 5 is able to distinguish the contrast

when it is part ofa consonantal cluster.24 These exceptions will be discussed below.

Chinese

As a group, Chinese subjects accurately performed this task over ninety percent of the

tinte for aU experimental conditions. Mean performance on each of the conditions was

not significantly different, as revealed by a repeated measures ANOV~ F (9, 30) =

2.688, P = .0663. Although performance is slightly lower on the cluster conditio~ we

must consult individual scores given in Table 5 in arder ta determine whether subjects'

performance on these items is above chance.

Table 5
Cbinese Performance Picture Task

Subiect Onset Cluster Coda

11 100 75 66.7

12 100 100 100

13 100 100 100

14 100 91.7 100

15 100 66.7 100

16 100 91.7 91.7

17 100 91.7 100

18 100 91.7 100

19 100 100 100

20 100 100 100

Means 100% 90.8% 95.8%

The individual scores show that eight of the ten subjects reached criterion on aIl of the

eXPerimental conditions. However, subject 15 did not reach criterion on the cluster

condition while subject 12 failed ta reach criterion on both the cluster and coda

conditions. Although there are two exceptions ta the general success of the Chinese

with this task, it is important ta note the c1ear distinction between the perfonnance ofthe

-----------

24 Both ofthese subjccts have relatively good control over the pronunciation of the two liquids.
as detennined by casual observation. It is possible that knowledge of correct articulation bas been
encoded into their lexical n:presentarions and they distinguish lexical representations on this basis.
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Japanese subjects who are unable 10 distinguish IV and /rl in this task and the

perfonnance of the Chinese subjects who, on the whole, are able to distinguish this

cootrast in every word position tested.

As with the Auditory task, the difference between language groups on the

Picture task suggests that properties ofthe subjects' LI is the key factor in determining

perfonnance on the task. Correlations between extemal factors and performance were

computed for age of exposure, number of years English had been studied and numher

of years speot in Nonh America. We found no significant correlation between age of

exposure and performance across groups, r = .234, p > .05. There was a moderate

negative correlation between age ofexposure and performance for the Japanese group, r

= -.487, p> .05; however this correlation was also not significanL The Chïnese group

showed a slight oon-significant correlation between these two measures, r = .163, P >

.05. We found a significant moderate correlation between perfonnance on this task and

the oumber ofyears that English had been studied across the two groups, r = -.460, P

< .05. However, this correlation was negative, suggesting that fewer number ofyears

studying English predicts beUer success. This is no doubt due to the fact that the

Chïnese subjects (who as a group performed better than the Japanese) had, 00 average,

studied English fewer years. When we factor out the Lis, and consider each group

individually, we find no significant correlation between years of English studied and

perfonnance for either the Japanese group, r = -.177, p> .05, or the Chïnese group, r

= .058, p > .05. There was aIso no correlation between the numbers of years the

subjects had spent in North America and performance for the Japanese group, r = .322,

p> .05, the Chïnese group, r= .431, p> .05, or across these groups, r = .385, p >

.05.

CampaT/son of Audltory and P/ctUT. raska

One of the hypotheses guiding this study is that detection ofa contrast is a pre-requisite

for the construction of the phonological structure to represent that conttast. In other

words, if a subject is unable ta accurately perfoon the auditory tas~ he or she will he
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unable to accurately perfonn the picture task; the converse is also true, if a subject

accurately perfonns the picture task, he or she should he able to accurately perfonn the

auditory task. In order 10 see whether this hypothesis is borne out by the data,

individuai subjects' perfonnances on the two tasks was compared. In this case, a

statistical test is not appropriate, as it will ooly tell us whether there is a significant

difference between performance levels on the two tasks; these tests do not tell us

whether subjects were able to accurately perform (i.e., reach the criterion level) one task

and not the other.

A comparison of individual scores in Tables 2, 3, 4 and 5 indiC8tes that, for

each experimental conditio~ the majority of subjects (eleven of sixteen) are either able

to accurately perfonn bath tasks or unable to accurately perform. both tasb. Of the

remaining subjects, two reached criterion on the auditory task but failed to reach

criterion on the picture task (subjects 7, Il) . The final (somewbat problematic) three

subjects reached criterion for one condition ofthe picture task yet failed to do so for the

same condition on the auditory task (subjects 4,5, 16).

A somewhat surprising finding is that the Japanese SPeakers' performance on

the picture task (roughly 600A» correct) is, on the whole, better than their performance on

the auditory task (roughly 30% correct). Researehers have found that subjects are

generally better at identifying non-native sounds in isolation than they are at

discriminating those same sounds side by side (MacKain, Best & Strange, 1981;

Borden, Gerber & Milsark, 1983). The auditory task in this study requires

discrimination of adjacent phonemes whereas the picture task initially requires

identification of a single acoustic signal (and subsequent matching of that signal with

the appropriate lexical representation). Thus, the differences measured in this study

between the two tasks appear to he consistent with previous findings that one type of

task is more difficult than the other.

However, [believe that the observed difference in subjects' performance on the

two tasb actually stems from the Japanese speakers' grammar, and the effect of the

granunar on the particular task. In particular, according to the hypothesis that the native
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grammar constrains the perception and acquisition of non-native contrasts, then the

expected (Le., baseline) performance for the two tasks is differenL According to the

hypothesis that the Japanese grammar funnels the acoustic signal for bothlll and Iri into

a single native phonemie category, Japanese speakers will always petœive minimal

pairs as identieaL Thus, we should theoretically expect 0% correct performance for

discriminating III and Irl acoustically. In practice, they are able to correctly discriminate

the minimal pairs approximately 30010 - perbaps due to variation in duration or

amplitude, whieh were not controlled for in this study. In contrast to the auditory task,

the expected performance (given the Japanese grammar) for the picture task is 50010

accuracy. Sïnce the Japanese speaker is unable ta distinguish II/ from Irl in the

representation of lexical items (Le., the same phonological representation is used for

bath), then when the subject is presented with two pieture5 and a single verbal eue, he

or she simply cannot decide which picture corresponds to the cue and bas a 50010 chance

ofchoosing the correct picture just by chance. The observed performance, then, 60%,

is not significantly different from chance. Thus, if the performance of the Japanese

speakers is constrained by their native grammar, as 1 am suggesting, then the expected

performance is different for the auditory task versus the picture tas~ which is precisely

what we found. In fact, the differences in Perfonnance between these two types of

tasks (Le., discrimination versus identification) that have been reported in the literature

may in fact have nothing to do with the inherent difficulty ofa particular tas~ but rather

stem from the effects of the native grammar on the Performance ofthe particular task.

3.3.4. Discussion

In swnmary, the results from the two tasb demonsttate that Japanese speakers are

unable to accurately discriminate III and Irl both acoustically and phonologically,

whereas Chinese speakers discriminate this contrast with native-like accuracy in bath

tasks. Our initial hypothesis was that both Japanese and Chïnese leamers of English

would he unable to acoustically discriminate the non-native II-rl contl'ast, since one of

the memhers of this contrast is a phoneme in the leamers' respective LIs. This
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hypothesis was based on the proposai made in this paper that the elaboration of

segmental structure in first language acquisition causes a degradation of the innate

capacity 10 perceive non·native contrasts. The results from the auditory task show that

the Japanese speakers are, as predicted, unable 10 accurately discriminate this oon

native contrast; this finding is consistent witb. the large body of existing researeh on

Japanese perception ofII/ and Ir/. In stark contrast to the Japanese speakers, however,

the Chïnese speakers are able to discriminate these two sounds with native-Iike

accuracy. Thus, our initial hYPOthesis is ooly partially borne out by the data..

Before considering possible reasons for the difference between the Japanese and

Chînese speakers, let's first examine whether a speaker's LI syllable structure affects

bis or her perception and acquisition ofnon-native phonemes. Recali that bath Japanese

and Chïnese lack consonantal clusters and restrict the segments that can occur in coda

position. An apparent contradiction 10 the observation that Japanese speakers are unable

to discriminate II/ and Irl is their native-like discrimination of this contrast when it is in

coda position; their ability to accurately perform both tasks on the coda condition

suggests that word-position may he a factor in the acquisition of a contrast. However,

as pointed out above, the coda position of a syllable is different from the other syUabic

positions investigated in that il may affect the preceding nucleus. The liquids /li and Irl

have a considerable effect on the quality of the preceding vowel, 50 that words that

differ by coda II/ and Irl are not troe minimal pairs (e.g., hall vs. 1xT). It is very likely

that the Japanese (and perhaps even the Chinese) subjects are acoustically

discriminating these tyPes ofpairs on the basis of the vowel quality, rather than on the

coda consonant itself:2s They are, in turn, able to encode this difference in vowel

2 S Since the variation between the Ir/- and IV-colored vowels is relatively subtle (compared to the
difference between IV and Ir!), one might wonder how the L2 leamers (especially the Japanese speakers)
are able to discriminate them. Given that Japanese and Chinese do not contrast these vowels, and
assuming the hypothesis that a speaker's LI will constrain which sounds he or she accurately perceives,
we would expect the LI grammar to "funnel" the stimuli for the Ir/- and IV-eolored vowels ioto a
single LI perceptual category, as happens for IV and Irl, preventing the leamers from detecting this
subtJe difference. However, there is an important ditference between the ways in which vowels and
consonants are handled by the speech perception mechanism. Speech perception resean:h shows that
white consonants are pcrceived categorically (with linle to no sensitivity to within category variation),
vowels are not perceived categoricaJly; that is, speakers are as good discriminating variation within
vowel categories as they are across different vowel categories (much as musical tones are perceived)
(Fry, Abramson, Eimas &. Libennan. 1962; Pisoni. 1973; Raphael. 1972). Thus, the perception of
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quality into their lexical representations., which eoables them 10 distinguish the pairs

phonologically. ThUS., the performance of the Japanese speakers on the coda condition

is not incompatible with the claim that they cannat discriminate the lI1-/rl contrast;

however., neither the Chïnese nor the Japanese results cao be used 10 determine whether

speakers of these languages cao integrate III and Irl into the coda position of English

words.

The Chïnese performance on the cluster condition does., however., demonstrate

that LI syllable structure does not have the same "blocking'" effect on acoustic

perception that an LI feature geometry does. Although Chïnese lacks consonantal

clusters., these speakers cao perceive the lI1-/rl contrast in that position; moreover., they

are able to incorporate consonantal clusters in their lexical representatÎon of English

words. In contrast.., Japanese speakers are unable to discriminate /1/ and Irl in the cluster

position. However., the fact that these speakers are also unable ta discriminate the

contrast in onset position (a syllabic position permitted in Japanese) indicates that low

perfonnance on the cluster condition is an artifact of their inability te discrirninate the

contrast in general., rather than an etfect of their LI syllable structure. These results

suggest that there is a fundamental difference between the acquisition of segmental

structure and syllable structure, supporting the theoretical distinction made between

projected structure (syllabic) and inherent structure (segmental).26

Groups were fairly evenly matched for age of exposure, education and time

spent in North America and there were no significant correlations between these

external factors and performance. An interesting finding in this regard is that there was

no effect for age of exposure. The Critical Period hYPOthesis., as advanced by

Lenneberg (1967)., maintains that language acquisition must occur before the onset of

puberty in order to he successfuI. Vet Chïnese subjects that were exposed to English

vowels is not constrained by one's native phonology (either in the monolingual speaker or the L2
lcamer), which enables the Japanese and Chinese speakers to disc:riminate subtle distinctions between
non-native vowels. ln order to determine dcfinitively whether these speakers are discriminating the coda
pairs on the basis of the (/11- or Ir/-eolored) vowcl quality alone., an additional experimcnt., in which
subjects are asked ta discriminate minimal /1;1 coda pairs whose codas have been chopped off (by
computer manipulation ofthe signal), is required

26 Broselow &. Park (1995) report that Korean leamers can acquire the distinction between long
and short vowels (a prosodie property) evcn though length is not contrastive in their native language.
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long after any supposed critical period (e.g., 38 years old) were still able to aceurately

discriminate the contrast. In contrast, Japanese subjeets who had been exposed

relatively young (e.g., 10 years old) were not able to discriminate hetween the two

sounds.27 The differential performance oftbese two groups must, therefore, stem from

their respective LIs.

A possible explanation for the differences between the Japanese and Chinese

speakers lies in the more subtle phonological properties of their languages. 1 argued in

§4.2 that a speaker's feature geometry channels the acoustie signal into native phonemie

categories, in effeet blocking the perception of certain non-native eontrasts. 1be

converse of this is that a speaker MaY he able to perœive a non-native contrast if the

fea1W"e that distinguishes the two segments is present in bis or her LI feature geometry

for independent reasons (i.e., despite the faet that feature is not utilized in the

representation of the native member of the contrast in question). The feature that

distinguishes the lateral approximant II/ from the central approximant Irl is [Coronal]

(see §3.1). An examination of the Japanese and Chïnese phoneme inventories reveals

that Chinese (but not Japanese) does, in fact, require [Coronal] in the representation of

certain phonemes. These inventories are given in (5) (from Maddieson, 1984 and

Vanee, 1987).

27 The results oftwo Japanese subjects were excluded from analysis. These Japanese speakers were
bom in the United States to Japanese parents and lived in an English-speaking environment for their
lust year. Upon retum to Japan. bath subjec:ts were exposed to English via Sesame Street on television
and attended kindergarten at age four where they wcre aIso exposed to English. The results of thcse two
subjects are quite remarkable and deserve comment: on both the auditory task and the pieture task. they
perfonn like English-nativcs (dcspite their non-native grasp of English syntax, as measured by a test of
ref1exive binding in an independcnt study). These results provide further support for the daim that if a
second language leamer is able to acoustically pertCive a non-native conttast then be or sbe will he able
to acquire that contrast even Japanese speakers are able to acquire the II-rl contrast if they cao hear the
contrast Gwt as Chinese speakers). ft is clear that carly exposure to English facilitated these two
subjeets· perception of the English contrast. Moreover, given the fact that the other Japanese speakers
wen: Dot able to perceive the contrast. dcspite allophonic exposure in their native language, it is likely
that mere exposure to III and Irl was Dot sufficient to maintain accurate perception of thesc sounds.
Rather. these faets taken together suggcst that the two early-exposure subjects had acquired the feature
corona/ and that this feature is responsible for the maintenance of their perception. Tees &: Werkcr
(1984) also report maintenance ofperception of non·native Hindi contrasts for adults exposed to Hindi
dwing the first two years of lire.
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(5) Japanese Inventory28 Mandarin Chïnese Inventory
p t k p t k
b d g ph th kh

tI ts ~
d3 s ~ h

s h z
z m n

m n 1
r w J

w j

Mandarin contrasts alveolar and retroflex sibilants (e.g~ Isi and I~. 80th of tbese

segmentsm~ therefore~contain (Coronal] in their representations (in order to contrast

these two fricatives, either the alveolar Isi or the retroflex I~I will he further specified

with a Coronal dependent). Crocially~ a Chïnese speaker will have posited the feature

[Caronal] in the elaboration ofhis or her geometry (independently of the representation

ofany liquid). Japanese, on the other hand~ does not contrast any phonemes within the

coronaI place ofarticulation. Hence, the Coronal node will not he present in a Japanese

SPeaker's feature geometry.29

According to this explanation, Chînese speakers are able 10 perceive the II/-Irl

contrast by virtue of the presence of the feature [Coronal] in their LI grammar, despite

the fact that this feature is not present in the representation oftheir native liquid 11/.30 If

28 While other segments are realized phonetically in Japanese. suc:h as +. they are derived (Le.•
occ:urring in predie:table phonologic:al c:ontexts) and do not, therefore, c:onstitute independent phonemes.

29 Although there are c:oronal segments in Japanese (e.g.ltI, IsI, InI), under a theory of Minimally
Contrastive Specification (Avery &. Riec, 1989), a feature will only he present in a grammar if that
feature is required to c:ontrast segments; ac:cordingly, c:oronal segments in Japanese will he representcd
with a ban: Plac:e node. However. base(( on palatal prosody in Japanese mimetic:s, Mester &. Itô (1989)
argue that Japanese coronal segments are, in fact, represented with the feature [c:oronal). This
specification is proposed in order to ac:c:ount for the faet that ail coronal segments excepl Ir1 are
palataIized (as are non-coronals). By spec:ifying all coronal saunds, except Irl, with the feanJre
[c:oronal], the authors explain why Irl is not a target ofthis operation. The same facts~ howevcr, c:an be
obtained by assuming (as the authors thcmselves do to explain why 1r 1cannot he geminated) that Ir1 is
not spec:ificd for any Place Node at ail, whereas coronal segments are specified for a bare Place Node
(with no [c:oronaJ] feature). Lac:king a PlaceN~ Irl will never be the target of place assimilation.
This specification would alsa explain why coronals are the prefcrred target of this operation, with non
c:oronal hec:oming palatalized only in the absence of another coronal: lac:king Place features. the palatal
morpheme has a free place to dock on camnais. wbercas the addition ofpalatalization ta the non-coronaJ
segments c:reatcs a Iess-favored c:omplex structure. Thus, the Japanese palatal prosody data do not require
that coronals he spccificd for [coronal] and we can maintain the position that this feature is not
manipulated by the Japanese phonology. (Note that whcther the representation for Ir1 c:ontaios a bare
Plac:e Node or no Place Node at ail does not affect the thesis ofthis paper)

30 These results are ofcourse expedCd under the analysis that Mandarin Chinese contrasts IV and
Irl. This situation would be analogous ta the one dcscribed in §4.3, in whic:h cach member of the non
native c:ontrast c:orresponds to segments that are distinc:t in the spcaker's LI. If this is indced the case,
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this is correct, these results support the proposai that it is the feature geometry itself (as

opposed to individual segmental representations of phonemes in the inventory) that

underlies the boundaries of categorical speech perception} 1 The performance of the

Japanese speakers suggests that if a speakerYs LI grammar Jacks the feature that

distinguishes two segmentsyhe or she will he unable to perceive that contrast.

A second experiment was condueted in order to establish more conclusively

whether it is indeed the features (not the phonemes) of the LI phonoJogy that constrain

perception an~ therebyy determine which non-native contrasts will he successfully

acquired. If it is the presence or absence of the relevant feature in the LI of the leamer

which is responsible for cross-language differences in L2 acquisition (as argued above

for Japanese and Chïoese leamers ofEnglish)y then the status of the contrasting feature

in a speakerYs LI should also account for any variation in the acquisition of various

non-native contrasts by speakers of the same LI. If it is iodeed the featural level that

impinges upon L2 acquisitioDy then we should find instances in which this level of

knowledge facilitates acquisitio~ in addition ta instances where it hinders acquisition.

3.4 ExperimeDt 2

3.4.1. Additionalproperties ofJapanese & the contrasts investigated

The results of experiment 1 suggest that the distinctive features manipulated in the LI

grammar are a more important factor in the acquisition ofnon-native phonemic contrasts

than whether the LI inventory contains either member of the non-native contrast. We

then Chinese speakers are able ta perœive the English contrast by virtue of its similarity to the native
segment hl; they then substitute III for English Irl in their lexical representations. There is evidence~

however, that is NOT what they are doing. The results ftom a follow-up study indieate that Chinese
speakers ~ in~ distinguish their native V (IV) from the English Ir/~ bath acoustica11y and
phonologically. This wouId be unexpected if Chinese speakers heard the English Irl as their native
eategory and merely substituted their native category in lexical representations of English words.

3 1 The differential perfonnance of the two language groups also speaks to phonological theory,
providing experimentaJ evidence for the representations ofIV and Irl assumed in this paper. According
to Brown (1995), IV and Irl are distinguished by the presence of the coronal node in the representation
ofIr/. Wc can interpret the differential perfonnance of the two groups in terms of the presence of this
feature in Chinese and the lack of it in Japanese. However, according to Riee & Avery (1991 b), IV and
Irl are differentiated nOl in terms of place features, but by manoer features: Irl contains a vocalie node
whereas lU does not. Chinese and Japanese do not difrer with respect to Ibis feature. thus Riee &
Avery's representations incorrectJy predic! that Chinese and Japanese speakers should perfonn similarly.
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can test this hypothesis by comparing acquisition of non-native contrasts wbich differ

with respect to whether the relevant feature exists in the LI grammar of a homogeneous

group ofspeakers. This second experiment compares the acquisition of the English II

r/~ Jb-vl and If-vI contrasts by Japanese speakers. These contrasts were chosen to test

the proposed model ofphonological interference because these pairs are not contrastive

in Japanese and each causes a differing degree of difficuIty for these leamers. The

internaI structure of each contrast onder investigation is given in (6); the phonological

feature that distinguishes each contrast is given to the right (the superordinate

SUPRALARYNGEAL and LARGYNGEAL components are not relevant for this discussion

and have been omitted for ease of exposition; the representations for Irl and IV are

repeated here from (2».

(6) Representalions COnfrastingfeature

a. II/
ROOf

~
SV PLACE
1

approximant

Ir!
ROOT
~

SV PLACE

1 1
approximant coronal

[Coronal]

•
b. lb!

ROOf

~
voice PLACE

1
labial

Ivl
ROOf

_.--~-r--,--- [continuant]
voice PLACE continuant

1
labial

c. IfI
ROOT
~

PLACE continuant
1

labial

Ivl
ROOT

------'-----voice PLACE continuant

1
labial

[voice]

These are the representations that the leamer must acquire in order to distinguish these

phonemes in his or her interlanguage grammar. The important thing to note is that each

pair of phonemes is minimally differentiated by the presence of a single phonological

feature. Based on the results of experiment 1~ our hypothesis in this experiment is that
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the L2 leamer will only acquire those contrasts that are distinguished by a feature that

exists (for independent reasons) in bis or her native grammar.

Let's consider again the relevant properties of Japanese phonology. From the

inventory given above in (5), we cao see that each of the contrasts under investigation

bas a sligbtly different status, summarized in Table 6.

Table 6
Status of EDglish CODtrasts iD JapaDese

English Co nt ras t s
lStatus iD Sap.nese InveDtory Ibl vs./vl If! vs./vl Irl vs. III Ipl vs.lbl
is a native phoneme " " "corresponds ta a native phonemc " "does not correspond ta a native " " "Dhoneme

Notice tha~ with respect to the inventory, the status of the If-v! and Il-r! contrasts is

similar. If it is the phonemes of the LI which constrain perceptio~ then we would

expect the Il-rl and If-vI contrasts to pattern together in acquisition (in contrast to~

vI).

The inventory also allows us to detennine which phonological features are used

contrastively in Japanese; the adult feature geometry in (7) illustrates which features are

manipulated.

(7)
Japanese Feature Geometry

ROOT-----------URYNGEAL SUPRALARYNCiEAL

l -----I~U1.U SPONTANEOUS VOICE PUCE co a IlaM. a t

nas~imant lab~rsal

Importantly, two of the three non-native contrasts under investigation are distinguished

by a feature that is utilized in the Japanese phonological system. The feature

[continuant] distinguishes Ib/ from Iv! and is independendy required in the lapanese
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grammar ta differentiate native Istop-continuantl contrasts (e.g., It-sl). The other non

native contrast, If-vI, is distinguished by the feature (voice], which is required in the

Japanese grammar ta represent native voicing contrasts (e.g., Ip-bl). As pointed out in

the first experimen~ the feature which distinguishes llJ from Irl, (Coronal], is not

manipuJated in the Japanese grammar since there are no contrasts within the coronal

place ofarticulation.

To summarize, the~ this second experiment was designed to discover whether

there is a difference between the acquisition of a non-native contrast wmch is

distinguished by a feature NOT CODtained in the L2 leamer's native grammar (i.e., Il-rf)

and the acquisition of a non-native contrast which is distinguished by a feature that 15

contained in the L2 leamer's native (i.e., Ib--vl and If-vI). In the previous experiment,

the effect of the status of the relevant feature on acquisition was examined across

groups; the present experiment examines this variable within a single language group,

enabling a more direct assessment of the impact of LI features on non-native phoneme

acquisition. According to the model of phonological interference developed in this

paper, our hypothesis is that the Japanese speakers will accurately perceive the Ib-vl and

If-vI contrasts, but not the il-rI contrast. Moreover, they should perceive these two non

native contrasts and the native Ip-bl contrast equally weU} 2 As a result, successful

acquisition of these two non-native contrasts, again to the exclusion of II-rI, should

follow.

3.4.2. Methodology

Subj.cts

Thirty adults with no evidence of hearing loss participated in experiment 2. The

experimental group consisted of fifteen Japanese speakers who had leamed English as

their only second language. Each of these subjects was raised in Japan and had come to

J 2 Uniform perfonnance is not predicted if the aspect of the native granunar responsible for
filtering non-native soumis is the phonemic representations themselves (rather than the features). ReaU
from table 1, that the members of the Ib-vl and If-vI contrasts have a different status vis à vis the
Japanese phoneme inventory. Hence, if the phonemic representations constrain perceptio~ we might
expeet differential perception ofthese two pairs, since the segment Ib/, but not If!, occurs in Japanese.
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North America 10 study in an undergraduate or graduate program at McGill University

in Montreal, Canada. These subjects were between twenty and thirty-two years old at

the rime of testing, which was conducted in Canada. The reported age of first exposW'e

to English for these subjects ranged fmm four years old to thirteen years old. Each

subject had studied English in school in Japan for a minimum of six years, up te a

maximwn often years. The length of lime these subjects had been continuously living

in North America ranged from one month to five years. The control group coosisted of

fifteen native monolingual English speakers~ who ranged in age from 15 years to 54

years. This background infonnation is summarized in Table 7. Ail subjeets were paid

for their particiPation.

Table 7
Subject Information

Mean Mean Mean Mean
Group Age at Age of Years Years in

Testing Exoosure Studied N.America

Japanese 24.5 9 8 3.5

Controls 25 - - -

rasks & ".t.,/a/.
The tasks used in ex:periment 2 were the same as those used in experiment 1: an AX

Discrimination task was used to measure auditory perception and a Forced Choice

Picture Selection task was used to assess phonological competence. As different

contrasts were investigated in this experimen~ the materials used differed slightly from

those used in experiment 1. In particular, in the present experimen~ the non-native

contrasts in question were ooly examined in the onset position ofthe syllable (e.g.~ bat /

vat). As in experiment 1~ two types of foils were included in the test materials: the

native /p--b/ contrast was included for comparison with the non-native contrasts~ and

identical pairs of words were included in the AX task to detect any response bias

towards responding that ail of the pairs were different. The items used in the test were

natura! tokens ofreal English monosyllabic words; see Appendix C for a complete list

ofstimuli used. These tokens were spoken by a male speaker of American English (the
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same person as in experiment 1) and recorded 50 that the stimuli were identical for

every subject. Six pairs ofeach ofthe four contrasts were included, for a total of sixty

items in the AX task and forty-eight items in the Picture task. These materials were

counterbalanced for order and position of presentation within a single trial, as was the

order of the trials within the entice test. The testing procedure was identical to that in

experiment 1.

3.4.3. Results

For the auditory discrimination tas~ a response that the two words in the minjmal pair

were "'different" was counted as correct and a ~~same" response was counted as aneuor.

As before, perfonnance on the identical foil pairs was not included since accurate

performance on these items would he consistent with the subject's LI and would not

reveal properties of bis or ber interlanguage grammar. Performance scores on each of

the contrasts were tabulated separately for statistical ana1ysis. Figure 5 reports the mean

performance scores ofbath groups on each of the cootrasts.

Figure 5
Overall Auditory Performaace by Group

•
_100
~
~ 80

U 60
~
S 40c
~

~ 20
~

0..........""""--
Japanese English Contrais

Groups

t:ll/r
• b/v
mf/v
.p/b
* =significantly diffcrcnt from

thosc columns which lack
an BStcrisk

From the Japanese subjects' near perfeet perfonnance on the control items (Le., native

/p-b/ pairs), it is clear that the task itself does not pose any difficulty for the leamers.

Thus, performance 00 the non-native contrasts can he interpreted to reflect properties of

the speakers' interlanguage grammar. The Japanese speakers were significantly poorer

-169-



•

•

than the English contrais at discriminating the il-ri contrast [t (28) = -16.16, P =.0001].

Ye4 there was no Sfatistical difference between the two groups in their ability to

perceive the other contrasts; the Japanese speakers discrim.inated each of these English

contrasts as accurately as the native controls [lb-vl contrast: t (28) =-1.28, P = .21; If

vI contrast: t (28) = 1.87, P = .08; I~bl contrast: t (28) = -1.46, P = .15].

ln arder 10 evaluate performance on each contrast relative ta the other contrasts,

additional analyses were carried out separately on the two groups. Performance scores

for the Japanese group are given in Table 8.

Table 8
Ja anese Performance Audito

Sub"ec:t v v

2
3
4
5
6
7
8
9
10
11
12
13
14
IS

Means

A repeated measures ANOVA on the mean scores shows a significant difference

between the experimental contrasts, F (14, 45) = 119.85, p = .0001. Post-hoc Seheffe

tests (p<.05) indicate that performance on the /I-rl contrast is significantly worse than

their performance on the other three contrasts; however, performance on the other three

eontrasts (lb-v/, If-vI, Ip-bl) is not significantly different from one another. This pattern

of performance is confinned by an examination of the individual scores. As in

experiment 1, a score of 83.3% (ten out oftwelve trials) bas been set as eriterion for

successful perfonnance on a given contrast (p<.OS); bolded typeface indicates that this
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criterion bas been reaehed AlI ofthe subjects reached critetion on the If-vi contrast and

ail but three did on the Ib-v/ contrast; however, no subjeet reached criterion on the Il-r/

contrast.

We must also examine the performance ofthe control group, as any weaknesses

in the experimental materials will by reveaied in the performance of the native speakers.

Moreover, we cao ooly interpret the performance of the experimental group relative to

the control group. Although the native controls' performance on the Ib-vl contrast

appears, in the graph. to be depressed relative to the other contrasts, a repeated

measures ANOVA reveals no significant difference between the four contrasts, F (14,

45) = 1.44, P = .25. Thus, we can regard the Japanese speakers' performance, in light

ofthe native speaker data, as an accurate reflection oftheir perceptual capabilities.

Figure 6
Overall Picture Performance by Group

For the picture identification task, selection ofthe target picture was counted as a correct

response and selection of the contrast picture was counted as an error. The groups'

overall perfonnances are compared in Figure 6. Near peneet performance was attained

by the Japanese group on the control items in this task. Thus, performance on the noo

native contrasts can be interpreted independently ofthe task per se.

•

0------Japanese English Controls
Groups

~l/r

.b/v
Fa flv
.p/b
* = significantly diffcrcnt from

those columns which lad::
an astcrisk

As in the auditory task, the Japanese speakers were significantly poorer than the

English contrais al differentiating the il-ri contras!, t (28) = -9.73, P =.0001. There

was, however, no statistical difference between the two groups in their ability 10
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distinguish the other contrasts [lb-vl contrast, t (28) = -1.8, P = .08; If-vi contrast, t

(28) = -.32, p = .75; Ip-bl con~ t (28) = -1.27, P = .22].

Let us DOW compare performance on each ofthe contrasts relative ta each other.

A repeated measures ANOVA on the Japanese scores indieates a significant difference

between performance on the four experimental conditions, F (14, 45) = 57.65, p =

.0001. According to post-hoc procedures (p<.05), the Japanese speakers' performance

on the Il-rl contrast was significantly worse than perfonnance on the other three

contrasts, while performance on the non-native Ib-vl and If-vi contrasts was not

significantly different from each other, nor was it different from performance on the

native Ip-bl contrast. This pattern ofperformance is confirmed byan examination of the

individual scores in Table 9.

Ja
Subject

2
3
4
5
6
7
8
9
10

Il
12
13
14

15

Means

Looking at the native speaker controls, their Mean perfonnance on each of the contrasts

was not significantly different from each other, F (14, 45) = 1.56, P = .21. Thus, as

with the auditory task., the perfonnance ofthe Japanese can he taken to accurately reflect

their underlying phonological competence.
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3.4.4. Discussion

The hypothesis guiding this experiment was tbat perception of non-native contrasts is

constrained by the phonological features manipulated in the native grarnmar of the

learner, not by the phonemes contained in the LI inventory. This led us to prediet that

Japanese learners of English would accurately peteeive the fb.vl and If-vI contrasts,

since these two pairs are differentiated by features already present in the Japanese

grammar, but that accurate perception of the il-rI contrast would he blocked by the

absence of the relevant feature from the lapanese grammar. Each of these predictions

was borne out by the data. Thus, our tindings regarding the perception of the Il:-rl

contrast replieate the results we obtained in experiment 1: the Japanese speakers are

unable 10 discriminate III from Irl, perceiving the~ inst~ as a single category. Once

again, their inability 10 perceive 11/ and Irl as distinct phonemes can also he understood

as a direct consequence of the influence of the native grammar on the operation of the

speech perception mechanism. But it is the Japanese speakers' performance on the~

vi and If-vi contrast which is MOst striking: not only do the Japanese speakers perceive

the non-native fb.vl and If-vi contrasts with native-like accuracy, as predicte<L but they

perceive them equally weil. This is what we would expect, given that they are both

distinguished by a feature in the Japanese grammar.

We therefore have strong support for the proposai that the presence of the

features [continuant] and [voice] in the Japanese grammar pennits these speakers to

perceive the contrast between Ibl and Ivl and between IfI and Ivl, respectively. This

means that., despite lack ofacoustic, phonetic or pbonemic experience with a non-native

con~ a speaker's experience perceiving native soWlds along a particular acoustic

dimension pennits him or her to accurately discriminate any non-native sounds that

differ aJong this dimension (by virtue of the fact that the phonological feature that

underlies the acoustic dimension exists in bis or ber grammar, and serves to sort the

incoming acoustic signal).3 3 According to this position, there is no difference between

33 Note that this is truc regardless of the aetuaJ phonctic realization of a panicular contrasl Take~
for example~ voicing contrasts: although languages may vary as to how they choose to acoustically
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perception ofnative sounds and non-native sounds that vary along the same dimension.

The Japanese results support this position: there was no difference between their ability

ta accurately perceive the three non-native contrasts and their ability to accurately

perceive the native Japanese contrast, suggesting that perception of non-native sounds

oPelëltes in the same manner as perception ofnative sounds.

Tuming to the acquisition of new phonological structure, we predicted that

Japanese leamers would successfully acquire the Ib-vl and If-vI contrasts, but would

rail to acquire the il-rI contrast (since acquisition of feature geometric representations is

dependent upon accurate perception ofthat phonemic contrast). These predictions, too,

were confirmed by the data. The Japanese leamers successfully acquired ooly those

non-native contrasts which they accurately perceived. When shown two pictures that

constituted a minimal il-rI pair (e.g., rake, /a/œ), the Japanese subjects were unable to

correctIy choose the one that corresponded to the verbal cue; from this we can infer that

IV and Irl are not differentiated in their interlanguage grammars. Yet these subjects

performed this task with native-like accuracy when the pair of pictures differed by Ib-vl

Ce.g., boat, vote) or If-vI (e.g.,fan, van»)4 In other words, the phonological structure

that represents the Ib-vl and If-vI contrasts bas successfully been acquired by these

learners; using the features contained in the LI grammar, new representations for the

non-native segments have been constructed.

Ta summarïze, the~ we have found a difference in the Japanese speakers'

ability ta perceive non-native contrasts, depending on whether the feature that

distinguishes a given contrast exists in their grammar: the il-rI contrast (whose

contrasting feature is absent from the Japanese grammar) is not accurately perceived,

whereas the Ib-vl and If-vI contrasts (whose contrasting features are contained in the

rea1ize the voicing contrast (i.e. aetual vors may vary). sinc:e the same phonological feature underlies
this contrast (Le. [voice». the daim is that speakers whosc native language exploits this feature will be
able to perceive ail non-native voicing contraslS.

34 This results is even more surprising given the tendency ofmany Japanese leamers to substitute
Ibl for Ivl in production. But, as pointed out above. there is a well-known dissociation between
comprehension and production skills, with comprehension being a more accurate retlection of the
speaker's phonological knowledge.
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Japanese grammar) are accurately perceiv~ in a native-like manner}S We bave also

found that when the requisite conditions for successful acquisition are met (i.e.~

sufficient intake to the acquisition device)~ new phonological representations can, in

fac4 he constructed.

3.5 General Discussion & Conclusions

We began this study by posing three related questions: How do we account for the

failure of L2 leamers to acquire (phonological) properties of the target language

provided by UG?, Which aspect{s) of the LI grammar impinges upon L2

(phonological) acquisition?~ and When the necessary conditions for successful

acquisition are met. cao L2 leamers acquire novel (phonological) representations? Let~s

consider now how the model of phonological interfereoce developed in this paper and

our experimental findings contribute to these SLA issues. FUst. this study demonstrates

that we cannot necessarily take learners' failure to acquire UG-detennined properties of

their L2 as evidence that UG does oot operate in L2 acquisition. Before concluding that

UG is inaccessible~ we must first determine (experimentally~ if possible) that the

conditions necessary for successful acquisition have iodeed been met.

Regarding phonological acquisitio~ we know ftom first language acquisition

research that the development ofsegmental structure involves the interaction of ua and

the leamer~s deteetioo of phonemic contrasts in the input. Thus~ successful acquisition

of novel phonemes by L2 leamers depends Dot oo1y on the availability of UG~ bU4

crucially~ on accurate perception of the input. By demonstrating that sorne L2 learners

3 sOne might he tempted to surmise that the Japanese speakers are unable to discriminate the Il-r!
contrast precisely hecause they have a1lophonic experience with these segments: given the allophonic
variation in the native languagCy wc could imagine that these speakers have been "trained" 10 ignore
these variations (recognizing them bath as instantiations of the same underlying phoneme). Under tbis
account, the allophonic exposure, ramer than the absence of the contrasting fea~ would be
responsible for their lack of perceptual sensitivity to this contrasL However, this allophonic
explanation cannot be correct because lb! also varies a1lophonically in Japanese, with the voiced
bilabial fricative [Pl, which shares acoustic and phonological propenïcs with English Iv!. According to
Kawakami (1977:32), the phoneme lbI is realized as a plosive word-initially, but is often realized as a
voiœd bilabial fricative word-intemally (compare [bareru] "he revealed" with [apareru] ')'ampage").
Thus, if allophonic variation were the cause ofthe leamers' inability to acc:urately perceive certain non
native contrasts, we would expect perception orthe II-r! and /b-vl contrasts to he similarly impaired.
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do not perceive the L2 input correctly (in fac!, precisely those leamers who fail to

acquire the new segmental representations), tbis research indicates that the inability of

sorne L2 leamers to acquire novel phonemic contrasts is due 10 factors other than the

inaccessibility of UG. Research on phooological acquisition provides us an

opportunity 10 directly ascertain whether sufficient intake is being received by the

learner, and to demonstrate that when there is oot sufficient intake, acquisition is not

triggered. Thus, this study provides support for the recent trend in SLA theories to

attribute L2 leamers' failure to acquire certain properties of the L2 to factors other than

the inaccessibility ofUG.

If the failure to acquire L2 phonological knowledge is a result of insufficieot

intake to the acquisition device, then what determines this intake? In other words, wbat

prevents the leamer from receiving the neœssary intake? Here, our model of

phonological interference and ourexperimental findings iodieate that the native grammar

of a speaker constrains the actual intake ta the acquisition device, suggesting that not

only May proPertïes of a speaker's LI he transferred ioto L2 acquisition (as bas been

shown for various syntactic constructions, see White, 1989~ for a review), but a

speaker's LI may actually black accurate perception of the L2 input (which may, in

faer, turn out to he the cause of transfer in general). This blocking effect of the LI can

have dire consequences for the L2 acquisition of phonology, as demonstrated by the

Japanese speakers' inability to acquire the Il-r! contrast.

These experimental data help establish more precisely whal the role of the LI

grammar is in L2 acquisition: it does not simply serve as a resomee of ~~building"

material for the interlanguage grammar; rather it intervenes between the L2 input and the

acquisition device. The native grammar's effect on L2 acquisition is simply an artifact

of how it operates in the monolingual speaker - mapping the fuzzy, overlapping speech

stream onto discrete abstraet linguistic representations. Those variations in the acoustic

signal that do not contribute 10 differences in meaning are simply not perceived by the

lîstener. In the case of L2 phonologicaJ acquisition, variation in the acoustic signal

which is filtered out by the native phonological system (Le., is treated as înIra-category
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variation} MaY, in fact, contribute te differences in meaning in the L2 (i.e., actually

constitute inter-category variation). T'hus, the speech perception system will try te map

all input onto existing representations; acquisition will only he triggered when (and in

those cases where) the L2 input cannat he accommodated by LI structures (Schwartz,

1996).

This leads us to the second questions posed, namely which asPeCt of the

grarnmar (or level of representation) impinges upon L2 acquisition. 1 have proposed

that the monotonic acquisition of feature geometric structure by children reduces their

perceptual sensitivity te particular non-native contrasts and that this adult feature

geometry continues ta Mediate between the acoustic signal and the linguistic processor

in adult speech perception. As a result, once a leamer bas acquired bis or her native

feature geometry, aIl speech sounds (native and non-native) will he perceived in terms

of the features exploited by that particular language} 6 Thus, although the L2 input will

he perceived in terms ofthe LI phonemic categories, it is, in fact, the feature geometry

that maps the acoustic signal onto those existing categories.

It appears, then, that it is generally not the LI representations themselves, but

the components of those representations which effect (i.e., cause) L2 transfer. SLA

researchers have poînted out the fact that sorne aspects of the L2 seem to he acquired

with little or no LI influence, whereas other aspects of the L2 are heavily affected by

properties of the LI grammar (Schwartz, 1996). This would also seem to he the case

with respect to phonologjcal acquisition: sorne phonemic contrasts are impossible for

certain L2 leamers ta acquire whereas others are acquired easily. However, looking al

the featurallevel of phonological knowledge, we see that there is no "partial influenceU
•

The LI feature geometry operates uniformly in mapping the L2 input to LI categories;

however, in those cases where the LI does not appear to influence acquisitio~ il is

simply the case that the LI geometry facilitates perception and acquisitio~ whereas in

36 It is possible that the tindings in Best et al. (1988) with Zulu clicks cao aIso be explained
along these lines. The clicks tested diffa- with respect to places of aniculation (e.g. alveolar.
palatoalveolar and lateral) that are employed by English speakers. It is possible that these speakers
discriminated these non-native clicks using LI feanues, just as the Japanese speakers discriminated the
Ib-vl and If-vI contrasts (experiment 2), and the Chinese speakers discriminated IV and Irl (experiment
1) .
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those cases where the native grammar does appear ta bave an influence, the LI

geometry hinders perception and, thus, prevents acquisition. Yet, the operation of the

LI geometry in perception (i.e.~ LI interference) is the same for aU non-native sounds.

The theory of phonoIogical interference developed in this paper helps us ta

better understand why and how the LI exerts an influence on the acquisition of a

second phonological system. By isolating those aspects of the LI grammar which are

responsible for this influence (i.e.~ the phonologjcaI features) as weU as Pr0viding an

explanation of the mechanisms which exert this influence (i.e., the operation of speech

perception in the monolingual), we can not only explain differences in a leamcrs ability

to acquire various non-native contrasts~ we cao also account for the varying abilities of

leamers with different LI's to acquire the same non-native contrast.

Finally, we have evidence that when aIl the necessary conditions are met, L2

learners cao successfully acquire UG-determined properties of the target language: the

Chînese results on the Il-rl contrast and the Japanese results on the Ib-vl and If-vI

contrasts demonstrate that if L2 leamers are able to auditorily peteeive a contrast not

present in their LI, then they are able to acquire that contrast. This suggests that the

mechanism for constructing novel segmental representations (which is arguably part of

UG) is still operative in L2 acquisition} 7 Of course, the Chïnese speakers were

intennediate or advanced speakers of English and aIl of them had acquired the Il-rl

contrast at the lime of testing; the Japanese speakers were likewise relatively advanced

and provided little evidence for stages of acquisition. We still need 10 investigate

whether there is a developmentai progression in the acquisition of segmental structure,

by testing beginners in addition to the more advanced speakers, as weil as documenting

the acquisition process longitudinally. [n the beginning, we should find a stage where

37 Ofcourse, in order to establish more conclusively that acquisition of these new representations
is constrained by UG, we also need to provide evidence as to the intemaJ structure of these newly
acquired phonemes; that is.. whethcr the Jeamers have indeed consttueted feature geometric
representations and mat thase repn:sentations respect the hicrarchicaJ organization of Feature Geometry
in UG. Evidence for the internal structure of segments usuaJJy cornes ftom the behavior or a given
segment in phonological processes (Le., whether it is a trigger, target or ttaDSpal'ent in phonological
operations such as assimilation). ThUS,. in the case of L2 leamers, we wouJd nced to show that the
acquired segment participated in phonologicaJ processes in the interlanguage in the same way il does in
the grammar ofnative speakers. NOle that this sort of evidence would require that the lcamer had aise
acquired the relevant phonological rule.
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the leamer receives adequate intake (i.e.y accurately perceive two sounds)y but bas not

yet acquired the phonological representations for those segments.
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Preface to Chapter 4

The investigation of L2 phoneme acquisition in the preceding chapter establishes two

important points.F~ this study demonstrates that the failure ofLl leamers to acquire

properties of the L2 cannot necessarily he taken as evidence that UG is inaccessible; our

experimental results indicate that L2 leamers' fallure to acquire novel segmental

representations can he attributed to their inability 10 perceive the contrast in the input,

rather than to the inaccessibility ofUG. When leamers do deteet a contrast in the input,

new representations are successfully acquired for those segments, suggesting that the

mechanism for constructing segmental representations is still operative in L2

acquisition. Thus, this research provides support for the position that UG is accessible

in L2 acquisitio~ but that the LI grammar impinges somehow on the L2 acquisition

process, preventing its full operation in certain cÏrCumstances.

Secondly, the preceding study establishes how the LI grammar affects the L2

acquisition process and which aspects ofthe LI grammar are responsible for this effect:

the LI feature-geometry Mediates hetween the acoustic signal and the linguistic syste~

filtering out the phonetic infonnation in the signal that does not contribute to meaning in

the LI and, thus, restricting the leamer's sensitivity to the full range of phonetic

information contained in the L2 input. In this way, the LI grammar actually disrupts the

process ofacquisitio~ by limiting which properties of the L2 input the leamer will he

sensitive to and, therefore, which properties of the L2 phonological system the leamer

will successfully acquire. Our evidence for this came from Japanese speakers' inability

to distinguish IIJ and Irl, either auditorily or phonologically: both segments are perceived

as a single category and bath are, therefore, represented in the interlanguage grammar

by the same feature-geometric structure. This result follows straightforwardly from the

theory of LI phonological interference developed in the previous chapter and the
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representations proposed in Chapter 1. According to the arguments and data presented

there, the feature-geometric representatioDS for IV and trI are distinguished by the feature

[coronal]. This, combined with our theory of LI phoneme acquisition, accurately

predicts that [coronal] would figure importantly in the acquisition ofthese two segments

and that any psycholinguistic effects of these acquired representations would result

from their coronality. Lacking the phonological feature [coronal], the feature geometry

in the Japanese speakers' mental grammar funnels the acoustic signais for III and Irl iota

a single perceptual category, whereas the [caronaI] feature present in the Cbinese

speakers' mental grammar fonctions to sort the two acoustic signais inlo distinct

perceptual categories. Their detection of this contrast in the L2 input triggers the

acquisition ofnovel segmental representations in which the LI features are combined in

new ways to yield L2 contrasts.

Wbile the experimentaJ data reported and discussed in the previous chapter

stroogly suggest that it is the features utilized in the phonological system (i.e.

underlying features) that constrain SPeeCh perception and, thereby, impinge UPOn L2

acquisitio~ an alternative analysis, which relies on propenies of the phonetic system,

seems plausible and, thus, deserves a closer look. Consider the il-rI contrast. l have

asserted in Chapter 1 that these segments are distinguished phonologically by the

feature [coronal]; though it is argued that there is no phonological feature [Iateral], a

phonetic feature {Iateral} will he inserted into the representation for 11/ in the phonetic

component of the syste~ ensuring that the appropriate articulation is executed ta

produce a lateral segment. Chïnese and Japanese differ with reSPect to this phonetic

feature {lateraI}, much as they differ with respect to the underlying feature [coronal]:

both of these languages contain an approximant in their inventory; however, this

approximant is realized as a laterai in Chïnese and, therefore, this language utilizes the

phonetic feature {laierai}. Japanese, on the other band, does not utilize this phonetic

feature since its approximant is not realized as a lateral.'

1 The underlying segment Ir1 in Japanese is fn:ely realized as [r J, [.1 J, [ct J. [1] (International
Phonetic Association, 1979; Vance. 1987). For our purposes, the important point is that {Iateral} does
not play a role in the phonetic system ofJapanese.
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Suppose, for a momen~ that it is the phonetic (rather than phonological)

features of the system that impinge upon SPeeCh perception. Sïnce Chinese and

Japanese differ with resPeCt to the phonetic feature {lateraI}, il could he argued that the

differing abilities of Chînese and Japanese speakers to perceive the Il-r! contrast result

from the fact that Chinese possesses {Iateral} and Japanese does not; in this analysis,

the existence ofthe appropriate phonetic feature in the LI grammar would enable an L2

leamer ta perceive a given non-native contrast. Ifthis analysis were correct, then our L2

perceptual data could not he taken as support for the daim that feature·geometric (i.e.,

underlying) representations have psycholinguistic consequences for the perception of

speech sounds or that the LI feature geometry bas consequences for the organization of

the speech perception system. Thus, although this "phonetic-feature" analysis Jacks a

theoretical underpinning (i.e., as yet we have no theory of how the influence of the LI

phonetic system might arise), it appears to provide a plausible account for the cross

language differences in L2 perception (at least for the Il-r! contrast), and m~

therefore, be empirically tested in order to he ruled out.

Taking the findings and conclusions of the previous chapter as its point of

departure, the following chapter extends the line of inquiry developed in the prior study

by investigating an expanded set of LI groups and additional non-native contrasts.2

Incorporating Korean speakers into our experimental paradigm (in addition to Japanese

and Chînese speakers) enables us to demonstrate conclusively that it is the organization

of LI phonological features (not phonetic features) that guides the mapping of the L2

acoustic signal onto existing phonemic categories. Korean is sunilar to bath Chinese

and Japanese in that its inventory contains a single approximant segment. However, it

is more similar to Chînese with respect to cenain phonetic properties and, conversely,

more sunHar to Japanese with respect to certain phonological properties; this three-way

comparison will allow us to tease apart the putative effects ofphonetic and phonological

2 Note tha~ as each ofthese chaplers is an independent paper. the theoreticaJ background and theory
of L1 phonological interference presented in the preceding paper is outlined again in Chapter 4 in arder
to provide an appropriate and sufficient context for an extension of the previous research. In addition, a
few of the figures ftom Chapter 3 are reproduced in Chapter 4 to iIIustrate the mode1 of LI
phonoIogical interference advanced here; experiment 2 front the preceding chaprer is aIso summarized, as
experiment 1. to establish a point ofdeparture for the subsequent experimental investigations.
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features on the perception of L2 sounds. Like Chinese, the approximant in Korean is

realized as a lateraI3; thus, bath languages utilize the phonetic feature {lateral}. In

con~Korean is more similar to Japanese in its underlying featural properties: both

languages lack the phonological feature [coronal]. Thus, the ~~phonetic-featurenanalysis

predicts that the Korean speakers, like Chïnese speakers, will accurately perceive II/ and

Irl segments as distinc~ due to the presence of {Iateral} in their LI grammars. In

contrast, the model ofL1 interference developed in the previous chapter predicts that the

Korean speakers, like Japanese speakers, shouId he unable ta distinguish !li and Irl

perceptuaUy, due to absence of the feature [coronal] from both LI grammars. The

experimental results show that Korean speakers are unable 10 perceive a contrast

between IIJ and Irl, indicating that it is indeed the organization of LI phonologicaJ

features that govems the perceptual mapping of the acoustic signal into phonemic

categories.

This chapter provides further experimental evidence for this position by

comparing leamers" acquisition of several different English contrasts. Japanese,

Chïnese and Korean speakers are correctly predicted to accurately perceive ooly those

English contrasts that are distinguished by a phonological feature present in their LI

grammars. Thus, not ooly is the theory of LI phonological interference espoused here

shown to account for cross-language differences in the ability to perceive and acquire a

given non-native contrast (Le., Japanese vs. Korean vs. Chïnese speakers' ability to

acquire, for example, the Il-r contrast), it is also shown to account for the varying

degrees ofdifficulty that speakers ofa single LI have in acquiring a range of non-native

contrasts (Japanese or Korean or Chïnese speakers' ability ta acquire, for example, the

Il-rl vs. the /b-vl vs. the If-vi contrasts). [n addition to comparing different LI's and

different non-native contrasts, this study also examines whether the influence of the LI

grammar on speech perception and phoneme acquisition changes as the leamer

progresses and suggests a course of development for L2 phonemic categories. This

3 The surface reaJization orthe underlying lateral approximant varies distributionally between an
apical flap [l'] intervocalicaJlyand a lateral approximant elsewhere (Jung. 1962).
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additional exploration enables us to place L2 phoneme acquisition research io1o the

context ofrecent trends in SLA theory and provides some answers to the questions that

are currently central 10 the field ofsecond language acquisition.

-184-



4 The interelation between speech
perception and phonologieal acquisition
from infant to adult

•

•

4.0 Introduction

The acquisition of a second language (L2) is clearly somehow different from that of a

first language (LI): adult second language leamers rarely (if ever) achieve the same

native competence that children do leaming their fi.rst language an~ conversely,

children never experience the difficulties that L2 leamers do. l This disparity between

L2 and LI acquisition is perbaps most apparent with respect to the acquisition of a

second phonological system. Whereas children consistently achieve native competence

across the full range of subtle and complex phonological properties of their language,

second language leamers often have extraordinary difficulty mastering the

pronunciation and intonation patterns of their L2, typically retaining an accent even

when their syntaetic knowledge of the L2 is quite native-like. This lack of success is

often taken as evidence that UG does not operate in second language acquisition. But,

perhaps there is another explanation. As White (1989a) points out, other factors, in

addition to UG, are necessary for successful first and, presumably, second language

acquisition (for example, sufficient input and various leaming mechanisms). An

intriguing line ofresearch suggests that the fallure ofsome L2 learners to attain a native

like competence is attributable to these other factors, rather than to the Don-operation of

UG.

1 Although the tenn "second language acquisition" (SLA) technically refers to the acquisition of a
second language by either an adult or a child, it is typically used to denote acquisition by post
pubescent leamers. In this paper. we will only consider SLA by adults; however, the claims made here
may he extended to L2 leamers ofail ages.
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One such factor that distinguishes second language acquisition from first

language acquisition is the fact that the second language leamer comes 10 the task of

acquisition already knowing a language. Most current theories of second language

acquisition dOt in fact assume that the native language of the leamer plays a role in

acquisition. A1though researchers generally agree that the leamer's existing linguistic

knowledge exerts some influence on the acquisition process, there is considerable

debate as to precisely what role the native language plays (e.g. Bley-Vroman's

Fundamenta/ Difference Hypolhesis, 1989, versus White's Transfer Hypolhesis, 1988;

see aIso papers in Schwartz & Eubank, 1996, on the L2 initial state). Moreover,

existing research suggests that the influence ofthe native grammar is not absolute: sorne

aspects of the LI seem ta prevent successful acquisition of particuIar L2 structures,

whereas other properties of the L2 are acquired with little or no interference from the

native grammar (Schwartz, in press). The challenge for second language theory now is

to provide a principled explanation for the presence or absence of LI influence, that is,

what detennines "partial influence".

The position that the native language plays a role in the acquisition process is

based largely on research that assesses the syntaetic knowledge of L2 learners.

However, a considerable amount of research on the acquisition of phonological

knowledge by second language leamers bas been conducted outside the generative

theoretical framewo~ in particular on the acquisition of non-native contrasts (Briere,

1966; Flege, 1981, 1991; Wode, 1978, 1992). Like the syntactic research, this earlier

phonological research demonstrates that the native language exerts a substantial

influence on the acquisition ofa second language. It is now widely accepted among L2

phonology researchers that non-native (L2) sounds are perceived in terms ofnative (LI)

phonemic categories. As Flege (1981 :448) states, 4'the tendency by mature speakers to

interpret soumis occuning in a foreign language in terms ofsounds found in their native

language may he a more important cause of foreign accent than any limitation on

phonetic leaming imposed by neurophysiologica1 maturation." Yet a1though this

previous phonological research bas addressed the question of whelher the native
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language plays a mie, it bas not attempted 10 answer the question of why the native

language influences L2 acquisitio~ Dor bas it formally articulated the mecbanisms by

which the native grammar influences this acquisition. More recently, though,

researchers working within the generative framework have begun to examine the role of

the leamer's native language in the acquisition of phoDological knowledge (e.g.

Archibal~ 1993; Broselow & p~ 1995; Brown, 1993a, 1996, to appear b; Pater,

1993; Weinberger, 1994). Using the tools ofcurreot phonological theory, this new line

of research has begun to define more precisely the role of the native language in the

process ofacquiring a second language; we are DOW in a position to develop a theory of

L2 phonological interference which includes a principled explanation for the existence

ofLI influence in some instances and its absence in others, as weil as a description of

the mechanism(s) by which this influence is exerted.

Building on the insipts ofthis prior research, this chapter develops a model of

speech perception, couched within current phooological theory, that accounts for the

influence of the native grammar in both infant and adult speech perception. More

specifically, by utilizing the theory of Feature Geometry, the pmposed mode1

demonstrates bow the monotonic acquisition of phonological structure by young

children restricts their seositivity to particular non-native contt'aSts and how the

continued operation ofthis existing phonological structure in adult speech perception

constrains which non-native contrasts adult leamers will he sensitive to in the L2 input

and, therefore, capable ofacquiring. By forging a link between infant speech perception

and phonological acquisition, this researcb fays the fouodation for a unified theoretical

account of the interrelation between phonoiogical acquisition and SPeeCh perception in

children and adults. [t is also offers an explanation for why leamers perceive L2 sounds

in tenns of their native phonemic categories; by isolating and charaeterizing those

phonological properties of the LI that impinge upon L2 acquisition~ this research

identifies why and how this equivalence classification takes place. Finally, by

demonstrating how the LI grammar cao bath facilitate and hinder acquisition, these

findings provide an answer to one of the questions cunently central ta second language
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acquisition theory: wbat determines partial LI influence? The rnodel outlined in this

chapter accounts for the differentiaI success that speakers of different Ll's have in

acquiring a given non-native contrast; it aIso accounts for the difIerentiaI success that

speakers with the same LI have in acquiring various non-native contrasts. Furthennore,

the experi.mental studies reponed here demonstrate how the existing phoDological

system may black accurate perception ofthe input, thereby preventing the acquisition of

nove1 segmental representations; it aIso establishes the circumstances in which the

native grammar actually facilitates perception of non-native contrasts, demonstrating

that when there is sufficient intake 10 the acquisition device, novel segmental

representations cao he successfully acquired.

We will hegin by reviewing sorne of the previous research that bas been

conducted on the L2 acquisition of segments in order to set the context for the present

research program and see why a new analysis is needed. Ne~ the relevant aspects of

phonological tbeory will he laid out and explained. This will he foUowed by an

examination of the development of the native pbonological and perceptual systems,

which will then lead us to a tbeory of phonological interference. After the implications

of this theory for second language acquisition are laid out, the results of three

experimental studies which test this theory will he reported and discussed. The paper

concludes by considering sorne of the implications of these experimental data for the

theory of phonologjcal interference devel0Ped here as weIl as our theory of second

language acquisition.

4.1 Historieal Context & Theoretical Background

4.1.1 Previous research

Conducting research in applied areas sucb as acquisition requires one to strike a delieate

balance between (at least) two continually developing theories: ourtheory of acquisition

and our theory of grammar. In the case of L2 phonological acquisition, we must

integrate insights from the theory of second language acquisition and cuneot

phonological theory. Advances in one of these usuaIly requires us to reinterpret
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implications ofthe other in light ofthese new developments and to recast our tbeoretical

models and experimental hypotbeses. Similarly, failure of our acquisition models to

correctIy account for some aspect of the data force us to consider whether it is the

acquisition theory or the linguistic theory underlying our model which needs to he

modified. This complex bi-directional relationship often leads to a non-linear Oow of

progress in acquisition research. We are DOW once again at a point of reinterpretatio~

forced by the limitations of cuneot models to reformulate our theory of L2 phoneme

acquisition in terms ofshifts within bath the theory of segmental representation and the

theory ofsecond language acquisition.

Successful acquisition of phonological representations requires accurate

perception ofphonemic contrasts in the input; it is therefore clear that a comprehensive

model of L2 phoneme acquisition must integrate not only a theory of second language

acquisition and a theory of phonological representation, but also a theory of speech

perception. Thus, it is not enough to ask ooly how the existing phonological system

affects acquisition ofL2 segments; we must consider ail ofthe relationships in (1).

(1)

MA TUilE PHONOLOGICAL SYSTEM

SPEECH PEIlCEPTION ....-cr-------"""'~. PHONOLOGICAL ACQUISITION

The majority of research on L2 phonological acquisition bas investigated the

relationship between the mature phonological system and phonological acquisition. But,

the interrelation ofthese factors raises three additional issues that an adequate theory of

L2 phoneme acquisition must explain: 1) how does the mature pbonological system

affect speech perception? 2) how does speech perception affect phonoIogical

acquisition? and (conversely) 3) how does pbonological acquisition affect speech

perception? Dy isolating the specific research questions addressed by previous L2

phoneme research and highlighting the particular theory of acquisition and/or theory of
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phonological representation assumed by each approach, we will see why a newanalysis

is needed.

The earliest systematic approach to the acquisition of L2 segments was

undertaken within the contrastive analysis framewo~ the prevailing theory of second

language acquisition of the lime (Lado, 1957; Lehu & Slager, 1959; Stockwell &

Bowe~ 1965; Weinrich, 1953). The primary question addressed by this research was

how the LI intluenced the acquisition ofL2 segments, where acquisition was measured

by the leamer's ability to produce those segments. Guided by the premise that LI

structures heavily influence L2 leaming, these researchers compared LI and L2

phonemic inventories and hypothesized that L2 leamers would bave difficulty with

those L2 sounds not found in the LI. Leamers were assumed to substitute the "closest"

LI sound for a missing L2 sound in their productions, where "closeness" was based on

the distance between the L2 sound and the LI substitution on a language-independent

segment chart. For example., Japanese leamers of English, lacking the interdental

fricative [8] in their LI inveotory., would substitute their LI phoneme [s] for it in

production. This approach, however, was unable to account for asPeCts ofthe observed

acquisition data. In particuIar., it incorrectly predicted that an L2 leamer would have the

same degree of difficulty with any and all of the L2 sounds not present in the LI

inventory., when, in fac!, leamers' perfonnance 00 ditTerent L2 segments in

experimental conditions ranges from native-like leveis of accuracy to chance

perfonnance (see Munro., Flege & MacKay., 1996, for a detailed discussion of this

point). Sïnce this approach assumed a language-independent segment chart to predict

substitutions., it also failed to explain why learners with different LIs would substitute

different LI sounds for a given L2 sound (e.g., Japanese speakers substitute [s] for [8]

but Russian speakers substitute [t], despite the fact that these LIs contain both Isi and

ItJ., Hancin-Bhatt., 1994). These shortcomings, and in fact the MOst significant limitation

ofthis approach, were due not to its comparison ofLI and L2 inventories., but rather to

the level of phonological representation at which the languages where compared: these

researchers took the phoneme to he the relevant unit ofanalysis.
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Influenced by developments in generative phonology (and publication of

Chomsky & Halle's The Sound Panern ofEnglish., 1968)., the next wave ofresearch on

L2 phoneme acquisition focused their analyses on the differences and similarities in

distinctive features hetween the LI and L2 (Michaels, 1973, 1974; Ritchie, 1968).

Characteristic of these works was the assomption that sounds were made up of bundIes

of universal features and that these features could he ranked in a type of language

SPeCific "feature promineoce hierarchy" 00 the basis of bow many phooemes each

feature served to distinguish in that language's inventory. Although accurate production

was still taken as the appropriate measure of acquisition., it was then recognized that

perception might play a raie in the transfer process. Specifically, language transfer was

hypothesized to occur when the leamer perceives the LI and L2 constructs to he similar

(Kellennan, 1971). In the context offeatures, this meant that the distinctive features of

the L2 would he selectively perceived by the leamer according to LI perceptual biases.

ThUS., according to this line of researe~ difficulty with particular L2 sounds, in

particuJar sound substitutions in production, could he explained in terms of featural

differences between the LI and L2, combined with the learner's perceptual biases. This

line of research constituted an advance over the previous contrastive analysis approach

in that its focus on the distinctive feature as the relevant unit for comparing the LI and

L2 provided language-internai evidence for differential substitutions. Moreover, it

represented the first altempt to address the issue ofhow the mature phonological system

might affect speech perception and how that, in tum, might affect phooological

acquisition; however, it did Dot attempt to formally articulate this Ll-L2 perceptual

mapping, Dor did these researchers provide any experimental evidence for their daims

about how the native grammar influenced perception.

In the 1970s and 1980s, several perceptual slUdies conducted with native

speakers and language leamers provided the necessary experimental evidence,

demonstrating tbat phoDemes are indeed geoerally Perceived in terms of the speaker's

native categories (Abramson & Lisker, 1970; Miyawaki et al., 1975; Werker & Tees,

1984b; Williams, 1977). Since that tïme, three models have beeD proposed 10 explain
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how L2 sounds are mapped onto LI sounds. The first model we will consider restricts

itself10 the relationship between the mature phonological system and speech perception;

it does not address how phonological acquisition relates to these two factors. Best

(1993, 1994) bas developed the Perceptual Assimilation Model (PAM) to explain the

mie that a speaker's LI phonological system plays in the perception of non-native

sooods. According to this model, non-native sounds are assimilated to a listener's

native categories on the basis of their respective articulatory similarities (more

specifically, the spatial proximity of constrietion location and active articulators); the

degree to which a non-native contrast can he assimilated to native categories detennines

how weil (if at ail) a listener will be able to perceive that non-native contrast. While

Best's proposai is based on, and supported by, eXPerimentai perceptual data, it lacles

precise objective criteria for detennining bow non-native contrasts will he assimilated

ioto native categories. Thus, a1though Best's model describes the mie that a speaker's

LI phonological system plays in the Perception of non-native sounds, it does not

provide an explanation for why or precisely how this mapping occurs.

The Speech Leaming Model (SLM), developed by Flege (1991, 1992, 1995),

attempts to explain how speech perception affects phonological acquisition. According

to this model, there are two kinds of sounds: "new" and "similar". New sounds are

those that are not identified with any LI sound, while similar sounds are those

perceived to he the same as certain LI sounds. Flege suggests that although the

phonetic systems used in production and perception remain adaptive over the lifespan

and reorganize in response to sounds in the L2 inpu~ a process of "equivalence

classification" hinders or prevents the establishment of new phonetic categories for

similar sounds. However, this model does not include a theory-based proposaI as to

how L2 sounds are equated with LI sounds. Thus, these two models attempt to

elucidate the interrelation between the mature phonological system, speech perception

and L2 phonological acquisition. However, despite their daim that there is an

underlying mechanism that maps L2 sounds onto LI categories, they fail to articulate

the nature ofthat mechanism or adequately fonnalize the perceptual mapping process.
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The most extensive model of speech perception-phonologica1 acquisition

interaction to he proposed thus far is Hancin-Bhatt's Feature Competition Model (FCM)

(1994~b). Expanding on the earüer work by Ritehie (1968) and Michaels (1973)

described above, this model assumes that the features utilized in a grammar differ with

respect to their "prominence": features (and feature patterns) used more frequendy in the

language's phonology will he more prominent than (ess frequently used features. Those

features that are more prominent in the LI system will tend 10 have a greater influence

on leamers' perception of new L2 sounds; that is~ the feature prominences in the LI

will guide how L2 sounds are mapped onto existing LI categories. Thus, like the PAM

and SLM, the FCM assumes that L2 sounds are assimilated to LI categories, yet this

model goes one step further by providing an algorithm for detennining feature

prominence an~ thereby, generating testable predictions for differential perception and

substitution of interdentals across leamers with different Lis. Furthermore, it is the first

comprehensive model to investigate bath the relationship between the mature

phonological system and speech perception and the relationship between speech

perception and the acquisition of L2 phonemic representations. Thus, this model

addresses two of the three relationships indicated in (1) above; it a1so provides a more

formaI articulation of the L l-L2 perceptual mapping. However, to date its scope bas

been limited to the study of interdental substitutions; it is not clear whether this model

can account for substitutions ofother types of segments cross-linguistically or whether

it can account for differential difficulty that speakers of a single LI encounter in the

acquisition of various L2 segments. Most importandy, the FCM does not address the

reciprocal relation between perception and acquisition, namely how (L 1) phonological

acquisition affects speech perception. So~ while we are moving closer and doser to a

formalization of the influence that the mature phonological system bas on speech

perception (and the consequence of this for L2 acquisition)~ we still do not understand

how the interrelation between speech perception and phonological knowledge

originates; therefore, we fail to capture the essential nature of the phonological transfer

mechanism. Investigating the development of speech perception and phonological
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acquisition in young children will enable us to explain why the mature phonological

system exerts sucb a profound influence in aduIt speech perception; moreoveryutilizing

the tools of cunent phonological theory will allow us articuIate the L I-L2 perceptual

mapping mechanism more precisely.

4.1.2. Phon%gica/ theory & the representation ofphonemes

Whereas previous research on LI phonological interference primarily considered the

phonemic categories of a languagey phonological theory within the generative

framework assumes that phonemes themselves have an internai structure. ThUSy one

way current phonological theory provides greater insight into the phenomenon of LI

influence is the distinction made between phonological representations and the

components that comprise those representatioDS. L2 phonological researchers DOW have

an additional tool of anaIysis: the internai sub-components of phonemes constitute a

further level of linguistic knowledge which may impinge upon L2 acquisition.

However7 these components (i.e.7 distinctive features) are Dot simply unordered

bundles7 as was assumed in the SPE framework (and theories of L2 phoneme

acquisition couched within this framework). Instead, the distinctive featmes are

themselves structured - an advancement which bas implications for our theory of

speech perception and phonological acquisition. Since an understanding of the internai

structure of phonemes is necessary for the subsequent discussion of phonological

ïnterferenceywe will begin with a brief review of the relevant aspects of the theory of

segmental representation assumed here.

Part of the phooological knowledge a speaker possesses about bis or ber

language is what phonemes are cootained in its inventory. Howevery as Hockett

(1958:24) points ou~ a phonological system is "oot 50 much a set of sounds as it is a

network of differences between sounds.77 Thus7 a native speaker7 s knowledge of the

phonemes in bis or her language is tantamount to knowing whicb segments are

contrastive in that language. The most recent theory ofsegmental representation, known

as Feature Geometryy produced significant insights into the internai structW"e of
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segments an<L as a resu1~ bas advanced our understanding of segmental processes. In

this framework the processes attested in naturallanguages are now helieved to follow

from the representation of the segment, in conjunction with a small set of principled

phonological operations.

According to the theory of Feature Geometry, phonemes consist of distinctive

features which are organized ioto a systematic hierarchy of constituents (Clements,

1985; Sagey, 1986).2 Each phoneme has a unique structural representation (Le., feature

geometry) that distinguishes it from other segments in an inventory. Much of the work

in phonological theory, as in linguistic theory in general, bas been gujded by the

presumption that redundant infonnation (defined as that information that can be

predicted or easily supplied by derivatio~ e.g., syllable structw'e) is absent from

underlying representations (Chomsky & Halle, 1968). Within Feature Geometry this

principle is also extended to segmental representations. One such theory of

underspecification is Minimally Contrastive Underspecification. According to this

position, a segmental representation contains ooly the infonnation needed to eontrast it

from ail other segments in the system; any further specification will he provided by a

system ofphonetic implementation (Avery & Riee, 1989; cf. Archangeli7 1984, 1988,

on Radical Underspecification). Thus, the precise representation of a segment will

depend entirely upon whieh segments it contrasts with in the particular inventory. For

example, in Englis~ where the lateral approximant II/ and central approximant Irl are

contrastive, IV May he represented as in (2a) while Irl may he represented as in (2b),

omitting irrelevant structure (piggo~ 1993; Bro~ 1993b, 1995).3

2 1will assume, along with a growing number ofresearchers, that features are monovalent and that
it is the mere presence of a feature in the reprcsentation of a segment that designates the active
involvement of its corresponding articulator; likewise. the absence of a feature entails mat the
corresponding aniculator is not active for a given segment (e.g., Anderson & Ewell, 1987; Avery &
Riee, 1989; van der Hulst.. 1989). For example. the voieeless segment lu will simply not contain the
feature [voiee] in its representation (that alone ensures that the vocal cards are not active for mis
segment), whereas the phoneme Id! will be specified for the feature [voice].

J The representations for IV and Irl assumcd here differ from standard repn:scntations. The
phonological feature [lateraI] is generally assumed to distinguish laterals from non-Iaterals, in this case
IV from Ir/. However, Brown (1993b, (995) argues that [Iateral] is not tenable as a phonological
feature and that the contrast between IV and Irl is best captun:d in tenns of Place features (see reference
for specifie theoretica1 motivation and empirical evidence to suppon this claim; sec also Piggott, 1993,
and Spencer, 1984. for this view). Importantly, the representations for /1/ and Irl given in (2) provide
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(2) a. 111
ROOT
A

sv PLACE
1

approximant

b. Iri
ROOf
A

sv PLACE

1 1
approximant Coronal

•

•

The fact that these segments have different representatioDS reflects the fact that they are

contrastive phonemes in the language; the presence of [corenal) in the representation of

onlyone ofthem is sufficient to distinguish these segments in the grammar.

Conversely~ when these two segments are oot contrastive in a language~ they

will not have distinct representations. For example, in Japanese~ [1] and [r] are freely

varying allophones of a single phoneme, so there will he ooly one underlying

representation for these two surface segments. This is giveo in (3).

(3) Irl
ROOf
A

sv PLACE

1
approximant

Despite the Cact that this Japanese segment is realized as a coronal (like the English Ir!),

in accordance with our theory of underspecificatio~it is not specified for the feature

[caronal] because it does oot eoottast with any other corona! approximants.4 The

phonetic realization ofthis segment as an [I] or an [r] (which, unIike the English Irl, is a

flap) varies freely (International Phonetic Associatio~ 1979; Vanee, 1987). Thus, in

this way a SPeaker's knowledge ofwhich sounds in bis or her language are contrastive

is represented by distinctive segmental representations.

The full set of features manipulated in the world's languages and their

dependency relations can he represented in terms of a single, universal Feature

Geometry. This universal geometry is given in (4) for illustration.

an explanation for ditTen:ntial acquisition effects due to a speaker's fll'St language grammar, wbich is not
expected given the standard vicw ofliquids.

4 The Japanese Irl will bc distinguished from other coronal sounds (e.g.• IsI) in lenns of manner

features.
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(4) RCKYTS

-------------LARYNGEAL SUPRA1.ARYNGEAL
/~ 1 ______

apiration voiœ SPONTANEOUS VOICE PLACE continuant

~ ~~
nasal approximant Labial Coronal Dorsal

This Feature Geometry is contained in the phonological companent of Universal

Grammar, the innate language faculty ascribed to the child by generative theorists. Like

a syntaetic principle or parameter, this geometry constrains the acquisition process and

provides the leamer with information about what phonemic oppositions are possible in

natural languages. Thus, while no one language manipulates aU components of this

universal Feature Geometry, every phoneme in the world's languages can he

represented in tenns of the features and structural relations present in this geometry.

Languages will differ with respect to their phoneme inventories and, hence, with

respect to the set of phonological features they manipulate. However, the organization

ofthose features, as given by the universal Feature Geometry, will he the same in every

language. The leamer's task is to detennine which of the phonological features

contained in this wùversal geometry are used 10 contrast phonemes in the language he

or she is leaming and to construct the appropriate representations. In the remainder of

this paper, we will consider whether L2 leamers cao acquire non-native segmental

representations as weil as how, and to what extent, the native phonological system

influences this process.

4.2 A Tbeory of Pbonologieal Interference

In developing a theory of LI influence, one of the issues we must address is why the

LI grammar exens this influence. With respect to phonological interference, the

relevant question is why foreign sounds are perceived in tenns of the learner's native

sound categories. In order ta fully understand why the phonological system affects

S This model integrates properties of models proposed by Clements &. Hume (1994). Piggon
(1992) and Rice &. Avery (1991 b); however. the arguments and fmdings presented here do not hinge on
the correctness of this particular hierarchical organization.
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perception in this way, we must examine the ontogenetic development ofthese systems,

as weIl as any interdependence hetween them. Studying the development of the LI

system will oiTer us insight into its operation in mature speakers; in additio~ an

understanding ofhow phonological knowledge is acquired in LI acquisition will enable

us to determine what conditions are necessary for successful L2 acquisition.

4.2.1. L1 phoneme acquisition

Sînce segments are distinguished in a grammar by their internaI feature geometries,

acquisition ofa phonemic contrast involves the acquisition ofthe relevant structure (i.e.

distinctive features) tbat differentiates those two phonemes (Rice &. Avery, 1995, based

aD Jakobson, 1941). The child is able to contrast the two pbonemes in bis or ber

grammar once that phonological structure bas been acquired and a representation bas

been constructed. Brown &. Matthews (1993, in press) demonstrate experimentally tbat

children's ability to differentiate phonemes phoDologically develops gradually over time

and in a systematic order that is consistent across children (see also Barton, 1980;

Edwards, 1974; Garnica, 1973; Shvachkin, 1948, for related studies). Based on these

results, they argue that UG provides the child's emerging grammar with a minimal

amount ofsegmental structure (in fact, only those portions of the feature geometry that

are universal) which is subsequently expanded over the course of acquisition until the

adult feature geometry for the particular language is attained.

The systematic order of acquisition results from the hypothesized acquisition

process and the nature of Feature Geometry itself; the child will ooly elaborate the

feature geometry in bis or her grammar in ways that are consistent with the hierarchical

organization of features in UG. Specifically, the particular dependency and constituency

relations that are encoded in the feature geometry in UG will he respected in the

geometry posited by the child. For example, the presence of a dependent feature in a

representation entails the presence of that feature's superordinate node. By extension,

superordinate structure must he posited in the child's feature geometry before dependent

structure can he elaborated. As a resuIt, children will phonologically distinguish those
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segments that require less structure to differentiate before distinguishing those segments

that require highly articulated structure. Thus~ phonological structure is added to the

child's grammar in a unifo~ step-by-step fashion.

This step-by-step elaboration of the child's feature geometry in bis or her

grammar is driven by the child's detection of contrastive use of segments in the input

(Jakobson, 1941; Rice &. Avery, 1995). Once a child notices that two segments are

used contrastively (i.e. are distinct phonemes), the phonological structure that

differentiates the two segments is added to bis or her grammar. If the chiId never

perceives contrastive use of two segments (because, for example, they are allophones

ofa single phoneme in that language), the structure that differentiates them will never he

posited. Therefore, the mere presence of two contrastive segments in the input (while

necessary) is not sufficient to trigger acquisition; the leamer must delect the contrast in

the input.

4.2.2 Infant speech perception

In order for a leamer 10 deteet that two sounds are used contrastively, the leamer must

he able to discriminate the two sounds perceptually. Hence, proper development of the

phonological system is depeodent 00 propenies of the speech perception mechanism.

Given the fact that a child May he born into any language environment, it is imperative

that he or she he equipped with adequate cognitive machinery to perceive the whole

range of possible phonetic contrasts (cf.B~ 1986). Researchers have, in fa~

demonstrated that infants as young as one month old are able to acoustically

discriminate not only the sounds of the ambient language but many non-native contrasts

as well (Eilers, Gavin & OlIer, 1982; Eimas, Siqueland, Jusczyk & Vigorito, 1971;

Streeter, 1976; Trehub, 1976; see Mehler, 1985, for a review).

Since the detection of contrasts in the input is crucial for the acquisition of

phonemic representations~ we need to consider how this capacity changes (if at ail) as

the child develops. In Particular, whether or not an L2 leamer bas the capacity to

perceive a non-native contrast will he a factor in detennining ifhe or she will he able to
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construet the phonological representations necessary 10 distinguish the two segments

phonologieally. It is now weil established that the ability ta acousticalIy discriminate

non-native contrasts decreases rapidly in infancy with exposure 10 a specifie language,

until the child is able to discriminate only those contrasts present in the language being

aequired (see Werker & Po~ 1993, for a review of studies that establish this

observation). In a series of studies, Janet Werker and ber colleagues demonstrate that

the decline in the ability to acoustically discriminate non-native contrasts occurs within

the first year of life (Werker, Gilbert, Humphrey & Tees, 1981; Werker & LaLonde,

1988; Werker & Tees, 1984 ~ b; and also Best & MeRoberts, 1989; Best, 1994).6

What is particularly fascinating is that this decline in perceptual capaeity does not appear

to be temporally uniform for ail non-native contrasts. ExperimentaI results indicate that

perceptual sensitivity to certain non-native contrasts is lost before sensitivity to others,

suggesting that loss of perceptual sensitivity to non-native contrasts is graduai and

proceeds in a systematic order. An explanation for this deeline in speech perception

abilities, in particular one that integrates the role of linguistic experience, is still

needed.7 Both Werker and Best have tentatively suggested that the decline in the ability

to discriminate sorne non-native contrasts MaY reBect the first stage of phonological

development in the child, though neither is specifie as to which aspect of the developing

phonology might he responsible for this change. In the following section, 1 examine

sorne findings from infant speech perception research and suggest a causallink between

the development of a leamer's feature geometry and the subsequent decline in

perceptual capabilities. Establishing sueh a link will bave impo!1aDt consequences for

the acquisition ofa second phonological system.

6 Perception research has tended to focus on very young infants (0-14 months) or older children
(4--12 years); there is a surprising lack of perceptuaJ data for young children (1-3 years). Thus. while
the decline in sensitivity to non-native conttasts has been shown to begin in the first year of life. it has
not yet been determined whether this early perceptual reorganization is rigid or remains relatively
flexible until the phonologic:aJ system is firmly in place. For cxample. it has Dot yet been determined
whether the observed carly pattern ofperception persists throughout language development or whether a
child. if placed in the appropriate language environment once perceptual reorganization has begun.
would regain the original sensitivities.

7 See papers in Strange (1995) for reviews ofthe relevant speech perception data as weil as severa!
interesting proposais regarding the relationship between linguistic knowledge and the developing speech
perception system.
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4.2.3. The role ofthe LI phonological system in speech perception

Ifwe consider the findings from the infant speech perception research together with the

research on phonological acquisitio~ an interesting parallelism emerges. We see that

infants' perceptual capacities gradually "degrade" from all potential contrasts to only

native contrasts (with some interesting exceptions), while their ability ta discriminate

segments pbonologically gradually improves from no contrasts to ooly native contrasts.

An exhaustive comparison ofthe stages of phonological and perceptual development is

not feasible at this point, due 10 the limited number of nOD-native contrasts tbat bave

been investigated thus far. However, an examination of the data that we do have

available suggests an inbiguing possibility. According to Brown & Matthews, children

first phonologically differentiate labials from velars, followed by labials trom coronals.

They do oot distinguish segments that require a coronal node, sucb as 111 and Irl, until

relatively late. So, the node that distinguishes velar segmeots from other places of

articulation is posited by the child before the oode to distinguish among coronal

segments is posited. Measuring auditory perception, Werker found the mirror order,

with the perception of contrasts involving velars declining before contrasts involving

coronals. Based on this convergence of the leamer's perceptual and phonological

capacities on the set ofnative sounds, Brown (1993, to appearb) proposes that there is

a causal link between the leamer's phonological development and the concomitant

decline in bis or ber ability to acoustically discriminate non-native sounds.8

According to Brown's proposaI, the acquisition ofphonological structure (more

specifically, the elaboration of feature geometry) in the child's grammar imposes upon

his or her Perceptual system the SPeCifie boundaries within which phonemic categories

8 There appears to be a time lag (approximately four to six months) between the age of the
perceptual loss and the corresponding phonologica1 developmenL A possible explanation for this time
lag is that there is a confound between lexical development and phonological development, such that
segmental representations are integrated inta lexical items (which is what Brown &. Manhews aetua1ly
measured) shortly after thcy are first acquired. If this is indeed the C8SC9acoustic discrimination tasks
(specificallY9lack ofsensitivity) might provide a means ofmeasuring the phonological development of
children al even earlier ages than is cunently available. This suggcsts that there may be an inventory of
segments that is independent from the lexical items that contain them; this is a possibility that 1 will
leave open for future research.
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are perceived. In other words, the degradation of the perceptual capacities and the

increase in the ability to distinguish sounds phonologically are the result of the same

internaImec~ namely the construction ofphonological representations. lbis layer

of phonological structure subsequently Mediates between the acoustic signal and the

linguistic processing system.

If we are correct in postulating tbat the acquisition of a phonological system.

determines the course ofspeech perception development, then it is reasonable 10 assume

that the phonological system continues to constrain speech perception in adults.

Mediating between the acoustic signal and the linguistic syste~ the phonological

structure of the native grammar cao he viewed as a tilter which funnels acoustically

distinct stimuli ioto a single phonemic eategory. This results in the well-documented

phenomenon ofcategorical speech perceptio~whereby speakers of a language are able

to easily distinguish members of different native phonemic categories and relatively

unable to distinguish members of the same native phonemic eategory (Abramson &.

Lisker, 1970; Mattingly, Liberman, SYrdal &. Halwes, 1971; Miller &. Eimas, 1977;

Pisoni, 1973; Repp, 1984). In ather words, the mature speaker perceives the sounds of

bis or her native language~ filtered through the existing phonological system, as distinct

segments.

The hypothesis that the acoustic signal and phonological categories are mediated

by a level of feature organization is quite intuitive given the fact that the acoustic signal

cannot he characterized in terms of abstract categories, such as phoneme, but does

correlate to properties of the gesture (e.g., place of articulation features correspond to

spectral peaks in release bursts and ta fonnant frequencies). The schematized diagram

in Figure 1 (taken trom Brown, 1993a, to apPear b) illustrates the role of the

intervening layer of phonological structure and how this level~ in effec~ funnels the

acoustic signal ioto the phonemic categories of the speaker's language. The feature

geometry depicted is from a hypothetica1 language in which ItI., IV, 10/ and lkI are

distinct phonemes; we will only consider the Coronal and Dorsal nodes (and their

dependents) of the geometry.
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Figure 1
Mediation of Speeeh Perception by Phonologie•• Structure

Place
/:~

lU~ - - - -coronal : dorsal- - - - ~ IkI
: / phonological "'-. : phonemic categories

'Y~ - -retroflex structure open- - ~ Iql

• [t 1 [t] [k] [q] phonetic categories

aeaustie signal

•

Startîng from the bottom of the dia~ the acoustic signal is first broken down into

phonetic categories. At this level, the acoustic signais for an alveolar [t) and a retroflex

[t] remain distinct. These stimuli then PaSS to the second level which consists of a

speaker's feature geometry. This phonological structure serves to further categorize the

phonetic stimuli ioto phonemic categories which are then fed into the language

processor. Because this language exploits a dependent feature of the CoronaI node, the

phonetic signais for [t] and [t] are chamteled ioto the distinct phonemic categories ft! and

Itj. The acoustic signais for [q] and [k] are processed in the same way. This modelof

speech perception is supported by research by Werker & Logan (1985), who round

evidence for three distinct levels of processing: depending on the length of the interval

placed between the stimuli (and hence on the memory load required to perform the

task), subjects exhibit perception at either the auditory, phonetic or phonemic level. In

particular, these researchers showed tha~ lUlder certain conditions, English speakers are

able to acoustically discriminate the Hindi It-y contrast more accurately than predicted

by chance.

-203-



•

According to the model in Figure l~ the acoustic signal will first he divided into

distinct phonetic categories~ which are ooly subsequently categorized into native

phonemic categories. Thus, regardless of the phonological system of a speaker, oon

native contrasts are distinct at some level and MaY he discriminated under certain

controlled conditions, as Werker & Logan have demonstrated. In other words, the

"loss" ofsensitivity observed in young infants is oot really a loss at ail, but rather is the

result ofperceptual reorganization - reorganization. 1 would Iike to suggest, that reflects

the hierarchical organization of the feature geometry in the speakers grammar.

The diagram in Figure 2 illustrates, in slightly more abstract terms~ how the

speech perception of Englis~ Hindi and lnterior Salish (Nthlakampx) speakers differs

from one another.

Figure 2
Cross-laDguage Speech Perception

S.lisb
Itl Ikt Iql

Iii
!\ Dorair °"'1

! \

[ t!] (~ ] [ k] [q]

Hindi
Itl Itl Ikl

1 r 1

eo,.,alre~ oq~r

'1 1 / \ ..! ....

ft] [~] [Il] (q]

Englisb
Itl Ik/

1
1

co.~al Donal
/ \.

./"\ i \

[ t] (~] ['] ["q ]

phonological structure

phonetic categories

phonemic categories

acoustic signal

• In Englis~ the Coronal node serves to distinguish coronals from non-coronals (e.g. Iti

vs. fpl), but 00 distinction is made within the coronal place of articulation (e.g. ft! vs.

It/). Thus, the Eoglish feature geometry does oot contain the feature [retroflex]. As a

result, (ail) coronal sounds, regardless oftheir distinct acoustic signais, are perceived as

a single phonemic category. Likewise, English makes no phonemic distinction between

velar and uvular sounds; therefore, the Dorsal node bas no dependents and velar and

uvular sounds will he perceived as the English phoneme /kJ. The feature geometry of

Hindi aIso lacles the dorsal dependent [open]~ so that perception of [le] and [q] as lkI is

the same as for English speakers. Unlike Englis~ however~ the Hindi feature geometry

contains both the Coronal node and its depeodeot [retroflex]. Thus, all coronal sounds

will not he funneled into one phonemic category; the two features in the geometry
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ensure that Iti and ft! will he perceived as distinct phonemes. In Interior Salish, the

situation is just the reverse: lkJ and fqf are perceived as distinct phonemes (due to the

presence of the feature [open] as a dependent of the Dorsal node) while the acoustic

signals for Itl and ft! are perceived as the single phoneme Iti (due to the absence of

Coronal node dependents).

That the native system operates in this way is not accidentaI: perceiving speech

in terms of phonemic categories undoubtedly aids processing and facilitates

comprehension of the linguistic signal. Native speakers are continually faced with

variable realizations of segments, due to coarticulation, sloppy articulation or

interspeaker variability. By fiItering out this irrelevant ~'noise" in the acoustic signal, the

memory load put on the auditory system is greatly reduced and processing can proceed

more quickly. Those variations in the acoustic signa} that do not contribute to

differences in meaning are simply not perceived by the listener. Ye~ although

categorical perception aids processing of one's native language, it can he a barrier to

correctIy perceiving and processing a foreign language: variation in the acoustic signal

which is filtered out by the native phonologjcal system (i.e., is treated as inIra-eategory

variation) May, in fac~ contribute to differences in meaning in the foreign language

(Le., actually constitute inter-category variation). Thus, the influence of the mature

phonologjcal system on the perception of foreign sounds is an artifact of how speech

perception functions in generaL To summarize thus far, 1 have suggested that a

leamer's developing feature geometry causes the graduai decline in the ability to

acoustically discriminate non-native contrasts and then continues to mediate between the

acoustic signal and the linguistic processing system. The neX! section outlines the

predictions this proposai makes for L2 acquisition ofphonology.

4.2.4. Implications for L2 Phonological Acquisition

Establishing a link between a [eamer'ts phonological development and bis or her speech

perception has important implications for the acquisition of non-native contrasts by
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second language learners. In particular~ this proposai suggests that the leamer's native

grammar constrains which non-native contrasts he or she will accurately perceive and

therefore, limits which non-native contrasts that leamer will successfully acquire.

A speaker's phonological knowledge consists of phonemic representations as

well as the features that comprise those representations. The position that the features

exist in grammar (somewhere) independent of the segments they define is an

assumption at this point in the discussion; however~ we will see experimental support

for this claim in Experiment 3 below. A priori, either ofthese levels ofk.nowledge (i.e_~

featural or segmental) could potentially impinge upon the L2 acquisition process.

According to the theory of phonological interference outlined here, however, it is the

ftatures contained in the leamer's native grammar, oot the phonological representations

themselves, which constrain perception. The prediction of this position is that if a

speaker'5 grammar lacks the feature that differentiates a given phonological con~

then he or she will he unable to accurately perceive that contrast; conversely, the

preseoce of the cootrasting feature in the native grammar will facilitate perception of that

non-native con~ regardless of whether the particular segment is part of the

inventory. That is, despite a lack of acoustic~ phonetic or phonemic eXPerience with a

particular non-native contrast, a speaker'5 experience perceiving native phonemic

contrasts along an acoustic dimension defined by a given underlying feature (for

example~ voicing) pennits him or her to accurately discriminate ony non-native contrast

that difIers along that same dimension. (This is a strong claim, but one 1 would like to

maintain until empirical data force me to a weaker position). Thus, perception of certain

non-native contrasts is possible by virtue of the fact that the phonological feature that

underlies that particular acoustic dimension exists independently in the leamer's native

grammar.9

9 Note that this is true regardless of the aetual phonetic realization of a panicular contrast. Tak~
for example, voicing contrasts: although languages may vary as to how they choose to acoustically
realize the voicing contrast (i.e. aetual VOT's may vary), since the same phonological feature underlies
this contrast (Le. [voice)), the claim is that speakers whose native language exploits this feature will be
able to perceive ail non-native voicing contrasts.
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This position does no~ however~ entail that the phonological categories

themselves play no role whatsoever in perception; while it is claimed that it is the

features that determine the perceptual sensitivities (and that guide the mapping of the

acoustic signal onto perceptual categories)~ it is still the existing phoneme categories

which the incoming acoustic stimuli are sorted ioto, al least initially. As we will see

from the experimental studies reported below, the effect5 of the LI phonological

categories will he most apparent in the initial stages of acquisition, before new L2

categories have been established Nevertheless~ it is the features of the LI which

ultimately enable or prevent the construction ofthese new L2 categories.

If the native phonological system affects perception of non-native contrasts in

this way, either preventing or facilitating accurate perception, what are the

consequences for the acquisition of these contrasts by L2 learners? Recall from our

discussion of LI phoneme acquisitio~ that acquisition of me relevant phonological

structure is triggered by the leamer's detection that the two sounds are used

contrastively in the language (Le. that they correspond to separate phonemes). For

example, if the leamer is to acquire the phonological structure required to differentiate III

and Ir/ in bis or ber grammar, then he or she must notice that minimal pairs, such as

righ/ and lighJ~ are distinct words. ln short, aceurate perception of a phonemic contrast

is necessary for successful acquisition of that contrast. It foUows, then, that L2 leamers

will acquire ooly those non-native phonemic contrasts that they perceive as distinct

sounds. Ifan L2 learner detects that two segments are used contrastively in the foreign

language, then acquisition of the novel representations will he triggered. IO On the other

han~ if a contrast between two foreign sounds is not perceived (i.e. both sounds are

perceived as belonging to the same phonological category), then acquisition will not he

triggered and the L2 learner will fail to distinguish those segments in bis or her

10 The ability to construct novel segmental representations presumes. of course. that the
acquisition device is still operarive in L2 acquisition. See White (1989a) for arguments regarding the
operation ofUniversai Grammar in L2 acquisition; see Brown (1994, to appear h) for a discussion of
this issue with respect to L2 phonological acquisition.
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interianguage grammar. Put slightly differendy, if the L2 input continues to he

(inaccurately) mapped to LI representations, there will he no impetus for acquisition.

4.3 Experimental Evidence

The following three experimental studies investigate how the grammars of Japanese

speakers, Korean speakers and Mandarin Chinese speakers affects their acquisition of

English contrasts and whether, given the necessary conditions, novel segmental

representations can he construeted. These studies were designed 10 explore three related

issues: the acquisition of a range of phonemic contrasts by a single group of speakers

(experiment 1), the acquisition of a particuIar conttast across different groups of

speakers (experiment 2) and wbether the nature of LI phonological influence changes

over the course of L2 development (eXPeriment 3). As the studies examine the

acquisition of different subsets of English contrasts, the representations of all of the

segments under investigatio~ as well as the phonologica1 properties of the three LIs,

will he discussed together, prior to the description ofthe individual experiments.

4.3.1. Contrasts investigated

The English il-rI, Ib-v/, lp-fJ, If-vi and 1s-6/ contrasts were chosen to test the proposed

model ofphonological interference because these pairs are not contrastive in Japanese,

Korean or Chinese; furthermore, since these conttasts are distinguished by different

phonological features, each contrast could potentially cause a differing degree of

difficulty for these groups of leamers (both with respect to the various contrasts and

with respect to the various LI groups). The internai structure of each pair is given in

(5); note that these representations are for the segments as they occur in English. The

phonological feature that distinguisbes each contrast is given to the right (the

superordinate SUPRALARYNGEAL and LARGYNGEAL components are not relevant for

this discussion and have been omitted for ease ofexposition).
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(5) Representatiom COnlrostingfeature

a. 11/
ROOT

~
SV PLACE

1
approximant

Iri
ROOf
~ [coronal]

SV PI...ACE
1 1

approximant coronal

b. !bI
ROOT
~

voiœ PLACE
1

labial

/vI
ROOf

----'______ [continuant]
voice PLACE continuant

1
labial

• c. Ip/
ROOT

1

PUCE
1

labial

If!
ROOf

~
PlACE continuant

1

labial

[continuant]

•

d. If!
ROOT

~
PLACE continuant

1
labial

e. IsI
ROOT

~
PLACE continuant

1
coronal

/vI
ROOf

----'------voiœ PLACE continuant
1

labial

/8/
ROOT

~
PI...ACE continuant

1

coronal

1

distributed

[voice]

[distributed]l 1

These are the representations that the leamer must acquire in order to distinguish these

phonemes in ms or her interlanguage grammar. The imPOnant thing to note is that each

pair of phonemes is minimally ditTerentiated by the presence of a single phonological

II The segments IsI and 181 aIso differ acoustically in tenns of saidency. and sorne phonologist
distinguish them by the feature [strident]; however, following Kentowicz (1994:30), [ assume that their
phonologica1 representations differ in tenns of place features. The predictions for the leamers of English
will not ditTer, thou~ under either analysis. as neither [strident] nor [distributed] is an underlying
feature in any ofthe three languages under investigation.
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feature. Without this contrasting feature in the representation of one of the sounds, the

two segments will not he distinguished in the leamer's interlanguage grammar. The il-rI

contrast is distinguished by the feature [coronal], the Ib-vl and 1p-f1 contrasts by the

feature [continuant], while the ff-vl and Is-fJI contrasts are distinguished by the features

[voice] and [distributed], reSPeCtively. Whether an L2 leamer will successfully acquire

each of these contrasts depends entirely on the presence or absence of the contrasting

feature in bis or her native grammar.

4.3.2. Phonological properties of Japanese, Korean and Mandarin
Chinese

Let us now examine the consonant phoneme inventories of Japanese, Korean and

Chinese, given in (6), in order to ascertain whether the features that distinguish the

English contrasts are contained in the mental grammar of these speakers (from

Maddieson, 1984, and Vance, 1987).

(6) Japanese Inventory12

p t k
b d g

tI
d3

s h
z

m n

• r
w J

Mandarin Chïnese Inventory13

p t k
ph th kh

ts ts
s s h

z
m n

l
w j

12 While other segments are realized phonetically in Japan~ such as [+], they are derived (i.e~
occuning in predietable phonological contexts) and do not, therefo~ constitute independent phonemes.

13 The claim that Mandarin Chinese does not contrast IV and Irl phonemically requires sorne
comment. This language contains IV and a segment whic:h is transcnbed in romanized script as "~; this
transcription gives the impression that there is a conttast betwcen the laleral approximant 11/ and a
central approximant Ir/. This ..~ segment, however, is classified by linguists as a voiced reaotlex
fricative. 111. For this study. 1 follow Maddieson (I984) in treating 111 as a voiced retroOex fricative and,
crucially. not as a retrotlex sonorant. But compare Riec (1992) who analyzes this segment as Irl
underlyingly; postulating that it surfaces as a voiceless retroOex fricative [~] in onset position and as
rhoticization of the vowel when in coda position [~]. Thus. according to this analysis. Irl and II/ do
contrast as sonorants in Mandarin. However, it is not clear that this analysis is correct. The coda
position in Mandarin is restricted to nasals; thus it is unlikely that the rhoticization of the vowel is
from the presence oran approximant in the coda position. Finally. only certain vowels are rhoticized
(Chao, 1968; Wu, 1991). This suggests that the rhoticization is a propeny of the vowel itself, rather
than the result of Irl in the coda position.
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Korean Inventory
p t k
ph th kh

p~ ~ k'
tf
tI'

s
s'

m n
1

W J

h

summarized in Table 1.

From this~ we see that each of the five non-native contrasts we are interested in bas a

slightly different status vis à vis the inventories; the status of these contrasts is

ViS

Irl vs. III

is a native segment

tatus in Ja aDese IDveDto

does notco

is a native segment

corresponds to a native segment

Table 1
Status of English Contrasts in Japanese, ChiDese & KoreaD

1 i s h Co n t ras t s

Status in ChiDese Invento

•

corresponds to a nati·.,.e segment .J

•
does not corres nd to a native segment

Status in Korean Invento

is a native segment

-.. -- ... ~. ~ . ~. .. .
~ ... . -~ -" -." .

corresponds to a native segment .J
does not corres nd to a native segment V .J16

It should he noted that "corresponds to a native segment" means here that the surlàce

realization of a given segment (in Japanese, Chinese or Korean) could reasonably he

14 Japanese contains a bilabial fricative [t]; however~ Ibis is an allophone of /hl and is reaIized
before the high back unrounded vowel/UJI.

1S Japanese contains one liquid described as a flap [l'j, which is not identical ta the central
approximant [r] in English~ but is traditionally considered to correspond ta English Ir/~ not IV. This
flap has severaJ variants, which vary freely. one ofwhich is phonetically similar ta English [1] (Vance,
1987).

16 ln Korean. [r] and [1] are in complementary distribution, with [l'] (an apical flap) occuning
intervocalically (Jung, (962).
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assumed to he a surface reali7ation corresponding to the underlying representation of an

English phoneme. For example, while Japanese does not contain a labiodental fricative

(Iff), the Japanese bilabial fricative ([+n could correspond to the underlying

representation ofthe labiodental fricative given in (Sc). T'hus, while Japanese, Chïnese

or Korean may not have a given English segment in its inventory, it may contain a very

similar sound tbat could potentially factor into the acquisition of that English segment.

Notice that, with respect to phoneme inventories, the status ofthese English contrasts is

very similar for Chinese and Korean, which would lead us to expect 10 find comparable

patterns ofacquisition across these two groups of leamers, if it is the phonemes of the

LI which constrain perception.

We can also use the consonant phoneme inventories in (6), along with our

theory of underspecification, to detennine which phonological features are used

coDtIastively in these three languages; the adult feature geometries in (7) illustrate which

features are manipulated.

•

(7) ".p.Dese Fe.ture Geometry
Roor

-------------LARYNGEAL SUPRALARYNGEAL
1 1 ______

~ SPOIIITANEOUS VOICE PLACE co D liDU' D t

~ ~
nasal approximant labial dorsal

ChiDese Fe.ture Geometry
Roor

-------------LARYNGEAL SUPRAl.AJlYNGEAL
1 1 ______

~ SPOIIITANEOUS VOICE PlACE co a liDM' a t

~ ..........-1~
nasal approximant labial coro•• ' dorsal

Kore.D Fe.ture Geometry
Roor

-------------LARYNŒAL SUPIlAURYNGEAL
1 , ______

~ SPOIIITANEOUSVOICE PLACE coati.'lat

~ ~
nasal approximant labial dorsal
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The phonological features that we are interested in (i.e., the ones that differentiate the

English contrasts at band) appear bolded and underlined. Notice that the features

[continuant]7 which distinguishes the ~vl and Ip-f/ contrasts, and [voice], which

distinguishes the If-vI con~ are present in the grarnmar of ail of three languages.

Even though Ib/, Ivl, IfI and Ipl are themselves not contrastive in these languages, other

native segments differentiated by these particular features are contrastive. For example,

the feature [continuant] is required in the Japanese grammar to differentiate native stop

continuant contrasts, such as the It-si and Id-zl contrasts, while the feature [voice] is

present in the grammar in order to represent native voicing contrasts, such as /t-dl or /s-

zl. Thus, the feature that distinguishes ~v/, lp-fI and If-vI exi5tS in the grammar for

independent~ns.

However7 the feature that distinguishes the II-ri contrast ([coronal]) is present

ooly in the Chinese grammar (to distinguish the native alveolar IsI and the retroflex /~;

[coronaI] is not present in the Japanese or Korean grammar as there are no consonants

in either language that are distinguished from each other by this feature. 17 Finally, the

feature that distinguishes the 1s--fJ1 contrast ([distributed]) is not utilized in any of the

three grammars. Thus, in terms of features (as opposed to segments), Korean is more

similar to JaPanese than either is to Chïnese.

4.3.3. Predictions

Recall that according to the theory ofphonologica1 interference being pursued here, it is

the status of the contrasting jéature(s) in the leamer's native grammar (i.e. presence or

17 Although there are coronal segments in Japanese (e.g. ItJyIsly InI), under a theory of Minimally
Contrastive Specificationy a feature will only be present in a grammar if that fcature is required to
contrast segments; accordinglyy coronal segments in Japanese will be represented with a bare Place
node. Howevery based on palatll prosody in Japanese mimeticsy Mester dt Itô (1989) argue that
Japanese coronal segments are, in faet. represented with the feature [Coronal]. This specification is
proposed in order to account for the fact that ail coronal segments except 1r1 are palatalized (as are non
coronals). By specifying ail coronal soundsy other than Ir/y with the feature [Coronal]~ the authors
explain why Ic-I is not a target of this operation. The same facts~ howevery cm be obtained by
assuming (as the authors themselves do to explain why Irl cannat be geminated) that Irl is not
specified for any Place Node al ally whereas caronal segments are specified for a baIe Place Node (with
no [Coronal] fcature). Lacking a Place N~ 1('1 will never he the target of palatalization. This
specification would aIso explain why coronals are the prefem:d target of this operationy with non
coronals becoming palatalized only in the absence of a coronaJ: since coronals lack Place featuresy the
palatal morpheme bas a free place to dock on these segments~ whereas the addition of palatalization to
the non-<:oronal segments creale5 a less·favored complex structure.
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absence) that detennines the perception and subsequent acquisition of non-native

contrasts. Ofparticular interest is the difference between the acquisition of a non-native

contrast when the second language leamer~s native grammar does NOT contain the

feature that distinguishes the segments and the acquisition ofa non-native contrast when

the leamer~s native grammar DOES contain the distinguishing feature. Taking Japanese

leamers ofEnglish as anexample~three ofthe contrasts onder consideratio~Ib-v/~ Ip

fi and If-vi., are distinguished br a feature present in the Japanese grammar ., whereas /1

ri and I~I are not. ThUS., we would expect the former three contrasts to pattern

together in acquisitio~to the exclusion of the latter two.

More specifically~ since perception of a non-native contrast is facilitated by the

presence of the relevant feature in the leamer"s grammar~ Japanese speakers should

accurately perceive that Ib/~ /v/~ Ipl and Ifi are distinct segments. This is by virtue of the

fact that the feature [continuant] operates in the mental grammar of Japanese speakers.,

functioning to sort acoustic stimuli that differ along this dimension. Likewise, Japanese

speakers should accurately perceive If! and Ivl as distinct segments~ in this case~

because the feature [voice] exists in their grammar. Since accurate Perception of these

two non-native contrasts is facilitated br the leamer~s native grammar., the learner will

deteet that these sounds are contrastive in English and acquisition of phonological

representations for these segments will he triggered. On the other hancL since

perception of a non-native contrast is blocked by the absence of the relevant feature

from the leamer's grammar, Japanese speakers will he unable to accurately perceive a

contrast between /1/ and Irl or between /si and /9/. Lacking the features (coronal] and

[distributed]~ the phonological system of the Japanese speaker's grammar will funnel

the distinct acoustic stimuli for III and Irl into one perceptual category and for Isi and 191

ioto another. Consequently~ Japanese speakers will perceive instances of IV and Irl as

the same sound (likewise for Isi and lOI). Unable 10 perceive that they are distinct

segments, the leamer will not deteet contrastive use of these sounds an~ as a resuIt,
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novel representations will not be acquired; consequendy, these segments will not he

distinguished in the leamer's interlanguage grammar.18

A summary of these predictions for the acquisition of the English contrasts by

lapanese, Korean and Chïnese learners is given in Table 2.

Table 2
Predi~tioDs for AcquisitioD of EDglïsh CODtrasts

la Chïnese ers Korean ers

Contrasts li will LI will li will
contains pcrccivc:/ contains pcrccivcl contains pcrecivcJ
fature uire featurc uirc fcature uire

Ibl vs. Ivl continuant YES continuant YES continuant YES• Ipl vs. If! continuant YES continuant YES continuant YES

IfI vs. Ivl voice YES voicc YES voicc YES

/li vs. Irl NO

IsI vs. 191 NO

Three experimental studies that test these predictions are reported in the foUowing

section.

4.3.4. Experiment 1

•
Experiment 1 was designed to test whether the theory of phonological interference

outlined in this paper could accurately account for variation in the acquisition of severa!

different contrasts by leamers with the same L1.19

SUbj.cts

The experimental group consisted of fifteen lapanese speakers, ranging in age from 20

to 32 years, who had leamed English as their ooly second language. Each of these

18 While Japanese learners of English receive ample instruction in their language classes regarding
the fact that IV and Irl are contrastive in English., this type ofexplicit input., due to its very~ does
not feed into the acquisition device an~ thus. does not trigger acquisition (Schwartz, 1993).

19 As this study was originally reponed in Brown (t993~ to appear b) a summary of the
methodology and statistical analyses will be given; the reader is referred to the original study for more
details.
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subjects was raised in Japan and had come ta North America ta study in an

undergraduate or graduate program al McGill University in Montreal~ Canada, where

the testing was conducted. The control group consisted of fifteen monolingual native

speakers of EngIis~ who ranged in age from 15 years to 54 years. Their background

information is summarized in Table 3.

Group

Table 3
Subject Infor.ation

Mean Mean Mean
Age al Age of Years

Mean
Years in

•

•

Testin2 -- Studied N.America

~apanese 24.5 9 8 3.5

tontrols 25 - - -

Contrasts inv••tlflat.d & hypoth••••

The experimental contrasts were il-rI, Ib-vl and If-vI. A native contrast, Ip-bl was also

included, as a control item for statistical comparison with the non-native contrasts. As

outlined above~ our hypothesis is that the Japanese speakers will accurately perceive the

Ib-vl and If-vI contrasts, but not the il-rI contrast. Moreover~ they should Perceive these

two non-native contrasts and the native Ip-bl contrast equally weil. Ag~ successful

acquisition of these two non-native contrasts, to the exclusion of il-rI, is predicted to

follow.

An AX Discrimination task was used to assess the subjects' ability to acoustically

discriminate (Le., perceive) the English contrasts. In this task, subjects hear a minimal

pair (one item containing, for example, an III and the other item containing an Irl in

onset position) and are asked to indicate whether the words are the same or different

(e.g. rip / lip).20 The items used in the test were natural tokens of reaI English

20 Brown (1993a, to appear b) also examines acquisition ofthe II-rI contrast in onset c=lusters (e.g.
glasslgrass) and coda position (e.g. balllbar).
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monosyllabic words. These tokens were spoken by a man with a standard American

English accent and taped so that the stimuli were identical for every subject.

Two types ofroils were also included in the test materials. One foil type, which

coosisted of native contrasts, was included as a means of cbecking that poor

performance on the task was not due to difficulty with the task itself; any difficulty with

the task would he reflected in poor performance on the native contrasts as weU as the

non-native contrasts. A second type of foiI, which coosisted ofidentica1 pairs ofwords,

was included ta deteet any response biases. Since each experimental minimal pair

differs with respect to sorne consonant, the correct response for every trial is that the

words are different. This set offoils ensured that any response bias or strategy toward

responding that all ofthe pairs were different would result in inaccwate performance. If

a subject responded that these identical stimuli were different, bis or ber data were

discarded.

The second aspect investigated is whether those subjects who can acoustically

discriminate the non-native contrast are able 10 acquire the phonological structure

necessary to distinguish the two sounds phonologically. Based on the arguments in

Brown & Matthews (in press), data from comprehension tasks are assumed to more he

a more accurate indication of the leamer's underlying competence than production

abilities.21 Subjects were, therefore, given a Forced Choice Picture Selection task

(modified from Brown & Matthews, 1993, in press), in which the subject is presented

2 1 Since production involves several peripherai mechanisms, such as motor control, relying on
production data May lead us ta underestimate or (particularly in the case of adults) overestimate the
leamer's underlying phonological competence. SeveraJ resean:hers have, in facto demonstrated that L2
leamers May he able 10 accurately produce a non-native conttast even though the same leamers are
unable to distinguish the two sounds perceptually (Briere, 1966; Flege~ 1995; GOlO, 1971; Sheldon &
Strange, 1982). Japanese speakers, for example, have been shown to correctly articulate IV and Irl,
despite their inability ID perceive a difference between these two soumis. This is possible since adult
leamers have a developed motor control system and are able (with praetice) to execute the necessary
articulations. Once a speaker knows the spelling of a word that contains IV or Irl, he or she can
accurately produce the correct Iiquid, thus giving the appearance of having acquired the contrasL To my
knowledge, no one bas investigated how this knowledge of proper articulation might be encoded into
the leamer's lexical repn:sentation ofwords. It is not clear whether this knowledge (which is dependent
on orthography) is represented in terms of phonological structure. Thus~ if we rely on production data
we may falsely anribute more segmental structure to a leamer's underlying phonological competence
than he or she actually has. On the other hand. some 1.2 leamers are more like young children in that
they are unable to correctly produce a novel contrast despite their ability to perceive that contrast. in
which case we would underestimate the leamers competence.
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with two pictures and a verbal cue that corresponds 10 one of the pictures.22 For

example~ the subject would see a picture of a ra/œ on the left side of the page and a

picture ofa laIœ on the right side. At the same time~ the subject would hear the word

la/œ. The subject's task is to indicate which of the pictures the verbal cue names. In

order to successfully complete this task, the leamer must reCer to bis or her internaI

phonological representations of the pictured objects and determine which lexical

representation corresponds to the verbal stimulus. If the subject's lexical representations

ofthe pictured objects are identical (i.e. if they do oot have the necessary phooological

structure to contrast 111 and Ir!), then he or she will be unable 10 determine to which

picture the verbal cue corresponds and shouid Perform the task with chance accuracy.

Successful completion ofthis task indicates that the subject bas acquired the non-native

contrast. The monosyllabic words used in this task were the same as those used in the

AX Discrimination task. Both tasks were administered on the same day, with a short

break between tasks.

Results & discussion

The graph in Figure 3 reports the mean performance scores of both groups on each of

the contrasts.

Figure 3
Overall Auditory Performance by Group• _100

c.J
lU
t: 80o

U 60
~
S 40=lU
~ 20
~

01........--
Japanese English Contrais

Groups

~I/r

• b/v
C31f/v
.p/b
* = significantly differcnt from

those columns in the same
group which lack an asterisk

22 A training book was constructed which included every piet11re (one to a page) appearing in the
experimental test. This book was used to familiarize the subjec:ts with each of the pictures. and
corresponding name, to appear in the Pieture Selection task. This was done in order to minimize any
errors that might be caused by the subjeets' unfamiliarity with a particular stimulus item or illustration
of an item. The materiaJs used in stimuli preparation for the pictures were adapted ftom the Bilingual
Aphasia Test (paradis &. Libben. 1987).
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For the auditory discrimination task, a response that the two words in the minimal pair

were "'different'~was counted as correct and a "sarne" response was counted as anenor.

Performance scores on each of the contrasts were tabulated separately for statistical

analysis. From the Japanese subjects' neac perfeet perfonnance on the native Ip-bI

pairs, it is clear that the task itself does not pose any difficulty for the leamers. Thus,

performance on the non-native contrasts can be interpreted ta reflect properties of the

speakers' interlanguage grammar. As can readily he seen from the graph in Figure 3,

the Japanese speakers were significantly poorer than the English controls al

discriminating the il-rI contrast [t (28) = -16.16, p =.0001]. Yet, there was no statistical

difference between the two groups in their ability 10 perceive the other contrasts; the

Japanese speakers discriminated each of these English contrasts as aceurately as the

native controls [lb-vl contrast: t (28) = -1.28, P = .21; If-vI contl'ast: t (28) = 1.87, P =

.08; Ip-bl contrast: t (28) = -1.46, P = .15]. The Japanese speakers' performance on

the /b-vl and If-vI cootrasts is quite striking: despite the fact that these are both oon

native contrasts, they are very good (in fact, native·lïke) at discriminating each of

them.23 This suggests that these subjects perceived Ibl, Ivl and IfI as distinct speech

sounds.

In order to evaluate performance on each cootrast relative to the other contrasts,

additiooal analyses were carried out separately on the two groups.24 Beginning with the

Japanese group, we find that their performance OD the il-rI contrast is significantly

worse than their perfonnance on the other three contrasts [F (14, 45) = 119.85, P =

.0001]; however, their performance on the other three contrasts (lb-v/, If-vi, Ip-bl) was

not significantly different from one another. TItus, the Japanese speakers are unable ta

discriminate III from Irl, perceiving the~ instead, as a single category. In contrast,

23 This result is perhaps even more surprising given the tendency of many Japanese leamers to
substitute Ibl for Ivl in production. But, as pointed out above. there is a well-known dissociation
between comprehension and production skiIls, with comprehension assumed to be a more accurate
reflection ofthe speaker's phonologica1 knowledge.

24 The subjcets' individual data are further anaJyzed in Brown (1994) in tenns of a standard
binomial distribution, showing that the group data ;IR indeed representative of each subject. This
demonstrates that each ofthe Japanese subjects (notjust the group as a whole) accuralely discriminates
the non-native fb.vl and If-vI contrasts. but Dot the II-rI contrast.
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thoug~ oot ooly do the Japaoese speakers perceive the non-native Ib-vl and If-vi

cootrasts with native-like accuracy, as predicted, but they perceive them equally weil.

This is what we would expect, given that they are both distinguished by a feature in the

Japanese grammar.25 Moreover, that these non-native contrasts are discriminated as

weIl as the native Ip-bl contrast suggests that perception of non-native sounds operates

in the same manner as perception of native sounds. Although the native controls'

performance on the Ib-vl contrast appears to he depressed relative 10 the other cootrasts,

there is, in fact, no statisticaJ difference between the four contrasts [F (14, 45) = 1.44,

p = .25]. Thus, we can regard the Japanese speakers' Performance, in light of the

native speaker data, as a true reflection oftheir perceptual capabilities.

To summarize, then, we have found a difIerence in the JaPanese speakers'

ability to pereeive non-native contrasts, depending on whether the feature that

distinguishes a given contrast exists in their grammar: the II-ri contrast (whose

contrasting feature is absent from the Japanese grammar) is not accurately perceivetL

whereas the Ib-vl and If-vi contrasts (whose contrasting features are contained in the

Japanese grammar) are accuratelyperceived, in a native-like manner (bath with respect

to the English controls and to the native Japanese contrast).

For the pieture identification task, selection of the target picture was counted as

a correct response, and selection of the contrast picture was counted as an error. The

groups' overall performances are compared in Figure 4. Near perfeet perfonnance was

attained by the Japanese group on the control items in this task. As in the auditory task,

the Japanese speakers were significantly poorer than the English contrais al

differentiating the il-ri contrast (t (28) = -9.73, p =.0001]. There was, however, no

statistical difference between the two groups in their ability ta discriminate the other

contrasts (lb-vl contrast, t (28) = -1.8, P = .08; If-vI contrast, t (28) = -.32, p = .75;

Ip-bl contrast, t (28) = -1.27~ P = .22]. When shown two pictures that constituted a

25 Uniform performance is not predicted if the aspect of the native grammar responsible for
filtering non-native sounds is the phonemic representations themselves (rather than the features). ReaU
from Table 1. that the members of the Ib-vl and If-vI contrasts have a ditTerent slatus vis à vis the
Japanese phoneme inventory. HeRce. if the phonemic representations constrain perception. we might
expeet differential perception ofthese two pairs. since the segment /bI, but not Ifl. QCcurs in Japanese.
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minimal pair (e.g., ra/œ, /a/œ), the Japanese subjects were unable ta correctly choose

the one that corresponded to the verbal cue. Yet these subjeets perfonned this task with

native-like accuracy when the pair ofpictures differed by Ib-vl (e.g., boat, vote) or If-vI

(e.g.,fan., van).

Figure 4
Overall Picture Performance by Group

~l/r

.b/v
ra f/v
.p/b
* = significantly diffcrcnt from

those columns in the same
group which lack an astcrisk0---.....

Japanese English ContraIS
Groups
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«,)
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540c
g
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If•

Let us now compare perfonnance on each ofthe contrasts relative ta each other.

In this analysis, too, the Japanese speakers' performance on the Il-rl contrast was

significantly worse than perfonnance on the other three contrasts, while performance on

the fb-v/, If-vI and Ip-bl contrasts was uniform [F (14, 45) = 57.65, P = .0001]. This

pattern ofperformance is confinned by an examination ofindividual scores. Looking at

the native controls, their mean performance on each of the contrasts was not

•
significantly different from each other [F (14, 45) = 1.56, P = .21]. Thus, as with the

auditory tas~ the performance of the Japanese subjects can he taken to accurately reflect

their underlying phonological competence.

Although the perfonnance of the Japanese subjects on the /I-rl contrast was

lower than their performance on the other contrasts, their accuracy rate (almost 6QO;/o)

would seem to indicate that these leamers have sorne knowledge of the il-rI contrast.

However, in order to correctly interpret these results, it is necessary to consider the

expected baseline perfonnance on this tas~ that is, wbat chance performance would he.

Suppose that a leamer bas no phonological knowledge of the il-rI contrast and is~

therefore., unable to distinguish III from Irl in lexical representations. When that subject

is presented with two pictures and a single verbal cue., he or she simply will he unable

to decide which picture corresponds to the cue (Le., since the representation for both
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items is the same, bath correspond to the verbal eue). With a choice between two

pictures, this subject bas a 50% chance ofchoosing the correct one, just by guessing.26

The observed performance, the~ at 6001'0, is not significantly different from chance. We

can infer with reasonable confidence from the Japanese speakers' performance on this

task, that II/ and Irl are not differentiated in their grammars. Performance on the other

contrasts, on the other han~ indicates that both the Ib-vl and If-vi contrasts are

differentiated. In other words, the phonological structure that represents the Ib-vl and If

vI contrasts bas successfully been acquired by these leamers.

The hypothesis guiding this exPerim.ent was that perception of non-native

contrasts is constrained by the phonological features manipuIated in the native grammar

ofthe learner. This 100 us to predict that Japanese leamers of English would accurately

perceive the Ib-vl and If-vI contrasts, as these two pairs are differentiatOO by features

already present in the Japanese granunar, but that accurate perception ofthe il-rI contrast

would he blocked by the absence of the relevant feature from the Japanese grammar.

Each ofthese predictions was borne out by the data. The Japanese speakers' inability to

perceive /li and Irl as distinct phonemes can he understood as a direct consequence of

the influence of the native granunar on the operation of the speech perception

mechanism. The Japanese speakers' perception of Ibl, If! and Iv/ as distinct phonemes

likewise provides experimental support for the model of phonological interference

outlined in this paper. In a sunilar vein, since acquisition of a phonemic contrast is

dependent uPQn accurate perception of that contrast, we predicted tbat Japanese leamers

would successfully acquire the Ib-v/ and If-v/ contrasts, but would fail 10 acquire the /I

rI contrast. These predictions, too, were confinned by the data. The Japanese leamers

successfully acquired ooly those non-native contrasts which they accurately perceived.

-----_._----

26 Note that baseline perfonnance on the AX Discrimination task is different from the pieture task.
According to the hypothesis that the Japanese grammar funnels the acoustic signal for bath IV and Irl
inta a single native phonemic category. Japanese speakers should perceive minimal pairs as identical.
Thus. we would theomically expeet OU/.» accuracy at disaiminating IV and Ir/. ln praeticet thought they
are able to correctly discriminate pairs more often - perhaps due to variations in duration and amplitud~

which where not controlled for in this study. The difference in the subjects' perfonnance on the two
tasks (30% vs. 600A.)t the~ is not indicative of differing abilities to perform cach tas~ but rather
retlects the faet that the baseline perfonnance is different for each task.
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The finding that Japanese speakers do oot accurately perceive the difference betweeo 111

and Irl is not particuIarly surprising, given the large body of literature that repons this

observation (Golo, 1971; Miyawaki etai., 1975; Sbeldon Il. Strange, 1982; Strange &

Di~ 1984; Yamada, 1995). However this current research is the first to also

examine and compare JaPaoese speakers' perception of additional Eoglish cootrasts; il

is aIso the first to investigate these speakers' acquisition of the flI and Irl feature

geometric representations.

The theory ofphonological interference that bas been tested in experiment 1 bas

correctlyaccounted for differences in Japanese leamers' abilities 10 acquire different

English phonemic contrasts. The theory further predicts that speakers of different Lis

which differ in the features that they utilize will exhibit differing success rates of

acquiring various contrasts. The following experiment tests whether this model of

phonological interference can account for cross-language differences in L2 phonological

acquisition.

4.3.5. Experiment 2

The purpose of this experiment was to examine differences in the acquisition of English

contrasts by sPeakers of different native languages, and to replicate the findings in

e",.-perlment 1 for Japanese speakers.

SUbJect$

A total of fifty-one subjects, divided into one control group and three experimental

groups, participated in this study. One experimental group consisted of fifteen

undergraduate Japanese speakers who were leaming English at Hokkaido University,

Sapporo, Japan and had never lived in an English-speaking country. The second

experimental group consisted of fifteen native Mandarin Chînese speakers who were

enrolled in graduate programs at Hokkaido University (and, therefore, proficient in

Japanese). Eleven native speakers ofKorean (a1so proficient in Japanese) comprised the

final experimental group; these subjects were a1so graduate students at Hokkaido
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University. Neither the Chinese native speakers nor Korean native speakers were

enroUed in English classes at the time of testing. The control group consisted of ten

native monolingual speakers of American and British English., who teach English at

universities in Sapporo, Japan. Table 4 summarizes the background information for

each of the four groups.

Table 4
Subject Information

Mean Mean Mean
Group Age al Age of Years

Testinit - Studied

Japanese 20.3 11.8 8
Cbinese 30.7 12.6 10.4
Korean 30 12.8 9.9

Controls 34.3 - -

Contra.t. Inve.tlg.t.d & hypothe•••

Acquisition of the foUowing contrasts was investigated: I~f/, If-vI, 15-91 and Il-r/,

with the Ip-ti contrast (a native contrast for all groups) serving as a control item.

Speakers of Chïnese, Korean and Japanese were chosen for comparison because the

grammars of these languages differ in interesting, theoretically-relevant ways. In

particular.. when we compare the status ofEnglish contrasts in LI phoneme inventories

(Table 1), Chïnese and Korean apPear to he more similar to one another, which might

lead us to expect that SPeakers of these two languages would bave the same difficulty

(or success) acquiring the English contrasts onder investigation. However~ when the

features employed in each of these grammars are compare<! (Table 2), Korean and

Japanese are more sim.ilar to one another. Thus, examining acquisition by all three

groups should provide evidence as to which level of phonological knowledge is

responsible for LI interference. To briefly review the predictions set out in Table 2..

according to the theory of phonological interference adopted in this study, speakers of

aIl three languages should accurately perceive and have successfully acquired the Ip-f/

and If-vI contrasts since each of the LI grammars utilizes the contrasting features

([continuant] and [voice].. respectively) to distinguish native segments. Likewise, as the
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three LI grammars lack the feature that contrasts IsI and 181 ([distributed]), we predict

that these two segments will be perceived (inaccurately) as a single category by

speakers of all three languages; unable to hear a contrast between the two segments,

they will aIso fail 10 acquire the feature geometric structure necessary to distinguish

them phonologically in their interlanguage grammars. Finally, the three language

groups should difTer with respect to their ability to perceive and acquire the Il-r!

contrast: Chïnese speakers, whose LI contains the feature [coronaI], will accurately

perceive and, therefore, acquire this contrast; whereas, the adult feature geometry of

Japanese speakers and Korean speakers will fail to sort the acoustic signal for these two

sounds into distinct perceptual categories and their acquisition of the novel segmental

representations will he prevented.

Tasks & m.t.rl./s

Phonological competence was assessed with the same Forced Choice Selection task

used in experiment 1 above. A 4IAX discrimination tas~ rather than an AX tas~ was

used to assess perception in this study. In the 4IAX tas~ each trial consists of two

pairs of words (pisoni, 1971); in one of those pairs, the two words will he different

(i.e., a minimal pair), and the other pair of words will he the same (e.g., raira. ralla) .

The subject's task is to indicate which of the two pairs of words is different. This task

is becoming increasingly employed in speech perception research, since the AX task

has been argued to bias the subject to respond "same" when discrimination is difficult

(Beddor & Gottfried, 1995). The 41AX task avoids this response bias since the subject

knows that one ofthe pairs is, in fac!, different and must simply detennine which one.

The stimuli for this tas~ again in contrast to experiment l, were non·words in

order to prevent the subjects' perception from being influenced by their famiIiarity with

particular lexical items (Yamada, Kobayashi & Tohkura, in press). The "sarne" pairs

consisted of two instances of a CV syllable whose onset consonants were members of

the same phonemic and phonetic category (e.g., aspirated [phal), but which were oot

physically identicai. Thus, subjects could not accurately choose the "sarne" pair (and
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thereby determine the "different" pair) simply by comparing physical objects and

attending to non-linguistic acoustic variatio~ such as amplitude or speed. The

"different" pairs consisted oftwo CV syUables wbose ooset consonants were members

ofdifferent phonemic categories. Given these type of stimuli, accurate performance on

this task requires the leamer to tilter out irrelevant variations across the segments and

respond to higher-order phonologica1 information. Stimuli were recorded by a male

speaker ofstandard American English onto a Sony DAT Workstation and then arranged

temporally by computer 10 create uniform intervals of 1000 miIliseconds between

members of a pair, 1800 millisecond intervals between pairs in a trial and 3000

millisecond intervals between trials.27 These time intervals were chosen following

Werker & Logan (1985) to eosure phonemic processing ofthe stimuli.

Results & discussion

For each 41AX trial~ selection ofthe pair whose members were from different phonemic

categories was counted as correct and selection of the pair wbose members were from

the same phonemic category was cOUDted as an error. The Mean performance scores of

all groups on each of the contrasts are reported in Figure 5.

Figure 5
Overall Auditory Performance by Contrast
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• Korean
121 Chinese
• Controls

* = signifiandy difTcmtl
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Contrasts
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27 A second set of stimuli were recorded using two male speakers in order 10 compare one- vs.
two--talker conditions. An identification task was also included. Results from the two-talker condition
and the identification task will not be discussed here but cao he round in Brown (to appear c), along
with further methodological details.
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The comparison that we are primarily interested in here is between the perfonnance of

the three language groups on particuIarrmdividual contrasts. As can he seen from the

grap~ the Japanese and Korean speakers are not as good as the Chïnese speakers al

discriminating the II-rI contrast. Statistical analyses reveal two distinct perceptual

patterns: the Chinese speakers' performance is not significantly different from the native

controIs' performance~ whiIe the performance of the Japanese and Korean speakers is

significantly worse than the Chïnese speakers and native controls, but are not

significantly different from each other [F (3, 41) = 16.39, P = .0001]. As we saw in

experiment 1, the Japanese speakers are unable to distinguish spoken tokens of III and

Ir/; we see that Korean speakers, too, perceive these segments as a single category

(confirm.ing Borden et aL's, 1983, findings), whereas the Chïnese speakers have no

probIem discriminating this contrasL

Tuming to the 1s-81 contrast, we find that the Japanese, Chïnese and Korean

speakers ail discriminated this contrast equally poorly; they are significantly worse than

the native controls, but not significantly different from each other [F (3, 47) = 3.8, P =

.016]. The acoustic signais for these two sounds are funneIed into the same perceptua1

category by speakers ofall three language groups. With respect to the If-vI contrast, we

aIso find consistent perfonnance bu~ in this case~ the groups are equally good, and not

significantly different from the native controls [F (3, 47) = 1.49, P = .23]. The feature

[voice] in the LI grammar serves to separate, and keep distinct, the acoustic signa[g for

these two sounds as they are processed. Performance on 1p-f1, the other non...native

contrast that is distinguished by an LI feature manipuJated by aU three LIs, is roughly

uniform for all groups, although we do find a small statistical difference between the

experimental groups (F (3, 47) = 2.93, P = .04].

The Japanese and Chïnese speakers are able to discriminate these two sounds as

accurately as the native contrais; however, the Korean sPeakers are significantly worse

than both experimental groups and the native controls. However, the Korean sPeakers'

performance, al 90% accuracy, is still well above chance and can he considered

accurate, albeit not native like. Finally, all of the groups are able to accurately
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discriminate the native Ip-t/ con~ though small differences among groups do

approach statistical significance [F (3, 47) = 2.6, P = .06]. Once again, the performance

of the Korean speakers (91%) is a bit lower than the other groups. Given tbat /p-tI is a

native contrast for these SPeakers, this result is somewhat surprising and suggests that

the Korean speakers' performance on all of the contrasts in this task is slightly

depressed. Overall, the performance of the Japanese, Korean and Chïnese speakers on

the If-vI and 1p-f1 contrasts is quite remarkable: despite the fact all three languages lack

these two contrasts, these leamers perceive them with native-like accuracy. Their ability

to perceive these contrasts is particularly striking in light oftheir inability to di.scriminate

the Ir-BI contrasL Moreover, the difIering ability of the Chïnese speakers, on the one

band, and Japanese and Korean speakers, on the other, to accurately perceive the il-rI

contrast indicates that the ability (or inability) to perceive non-native contrasts is linked

ta phonologica1 properties of those contrasts and the LI grammars, not to acoustic

properties of the sounds themselves.

Although our main interest in this study is in differences between groups, it is

still infonnative to consider performance on each of the contrasts relative to the others.

In order to make such comparisons, additional statistical analyses were carried out

separately for each group. It should be kept in mind that baseline performance on the

4IAX task is different than on the AX task. Recal1 that in the AX task the subject's

decision is whether the two words are the same or different. If a subject cannot hear a

difference between two sounds, then he or she will respond "sarne". In this case,

perfonnance would theoretica11y he ()OAJ accuracy. In other words, given the influence of

the native grammar, the probability of responding "sarnen or responding "different" is

not 50%. In contrast, the subject's decision in the 4IAX task is which pair of sounds is

different. If the subject's LI grammar causes him or her to hear both pairs of words as

being the same, the choice is still between "first pair" and "second pair" and the

probability of randomly choosing either one is 50%. Thus, an inability to perceive a

contrast in the AX task would result in 00/0 accuracy, wbereas an inability to perceive a

contrast in the 4IAX task would result in 500AJ accuracy. A consequence of this is that
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comparing performance on the 4IAX task across difÏerent phonemie contrasts is more

difficult since differences between performance on contrasts that are perceived

accurately and those that are not will he smalIer (SOOAt - 100010; cf. A.X task: Oo/cr-lOO%);

for the same reason, scores from the two tasks cannot he direcdy compared.

Startîng with the Chinese group, we find they are equally good at discriminating

the Ip-fl, If-vI and Il-rl contrasts, and with the same accuracy with which they

distinguish their native 1fH/ contrast; they discriminate all of these contrasts

significantly better than they do the 1s-81 contrast [F (14, 60) = 8.55, p = .0001]. This

is what we would expect, given that the fonner non-native contrasts are distinguished

by a feature contained in the Chïnese grammaI', whereas the latter is DoL The Japanese

group, too, discriminate the lp-fI and If-vI contrasts with the same accuracy that they

discriminate their native contrast, and they are significantly better at perceiving these

contrasts than they are the 1s-81 or Il-rl contrasts [F (14, 60) = 29.78, p. = .0001].

These speakers do not, however, perceive the 1s-81 and Il-rl contrasts equally poorly;

their discrimination of Il-rl is worse than their discrimination of15-6/. It appears that,

even though the acoustic signais for bath sets ofsounds will each he funneled ioto their

respective category and perceived as the same soun~ in a temporally adjacent

presentation, the Japanese speakers are able to distinguish IsI and 181 (but Dot III and Ir/)

with higher accuracy than would he predicted by chance (possible reasons for this

difference are discussed below). We find a similarpattem with the Korean speakers: III

and Irl are discriminated Icss accurately than {si and 181 and perfonnance on bath of

these contrasts is significantly worse than on the other contrasts [F (10, 44) = 9.06, p.

= .0001].

The MOst important thing to note from these perceptual data is that Japanese

speakers and Korean speakers differ from Chinese speakers in their ability to

discriminate IV and Ir/. This difference between the language groups might seem

surprising given that ail three languages lack this phonemie contrasL However, it can he

properly und~rstood as a direct consequence of the influence of the phonological

features in their respective native grammars: the presence of the feature [coronal] in the

-229-



•

grammar of Chïnese speakers eosmes tbat acoustic stimuli which differ on this

dimension will he perceived as distinc~ whereas the absence of the feature from the

Japanese and Korean grammars causes the acoustic signal for these two sounds to he

funneled into a single perceptual category. The three language groups do not differ in

their ability to accurately discriminate those contrasts which are distinguished by a

feature that exists in all three Lis or in their inability 10 perceive thase contrasts wbich

are distinguished by a feature not utilized in their native grammars.

Figure 6 compares the groups~ overall performance on the picture selection task.

With respect to the il-rI con~ we find tha~ as in the auditory task, the Chînese

speakers perform more accurately than the Korean speakers and the Japanese speakers

[F (3~47) = 21.35~ P = .0001]; in fac~ they perform as weU as the native controIs.

Chïnese speakers have no problem choosing between two pictures that constitute a

minimal il-rI pair~ indicating that these two phonemes have distinct representatioos in

their interlanguage grammars. The Japanese and Korean speakers, however, were

significantly worse on this contrast than the Chînese speakers and native controls~

though not different from each other; thus~ neither of these two groups of speakers

distinguishes IV and Irl phonologically.

Figure"
Overall Picture Performance by Contrast
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AlI three groups of learners were unable ta perfonn this task accurately when

the lexical items differed by /s-9/; there was no ditference between experimental

groups, and their perfonnance was significantly lower than the controls~ performance
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[F (3,47) = 11.53, P = .0001]. This indicates tbat a new segmental representation for

181 bas Dot been acquired by the learners, as we predicted, 50 Isi and 181 are represented

by the same geometric structure in their interlanguage grarnmars. In contrast, lexical

items containing If! and Ivl are distinguisbed phonologically by all three groups of

leamers, as indicated by their high performance levels, though the Korean speakers'

performance, at 8901'0 accuracy, is slightly worse than the native controls' performance

[F (3,47) = 3.21, p. =03]. Similarly, on the Ip-f/ contrast the Japanese and Chïnese

speakers are as aceurate as the controls, while the performance of the Korean speakers,

though significantly lower, is still weil above chance (83%) [F (3, 47) = 5.9, p. =

.002]. Witb respect to the native Ip-tl con~ allianguage groups distinguish !pI and

Itl in their interlanguage grammars. Japanese speakers distinguished these two sounds

in a native-like fasbion; however, both the Cbinese and Korean speakers were just

slightly less accurate than the native speakers [F (3,47) = 3.22, p. = .03].

OveraU, then, we see that the leamers in aU three groups have distinct segmental

representations for Ipl, IfI and Iv/, while the Chinese speakers also have distinct

representations for III and Irl, and none of the leamers have distinct representations for

Isi and lOI. Let's now compare performance on the different contrasts by each group

individually to confinn these acquisition patterns.

A separate analysis of the Chinese group reveals that the 1s-fJ1 contrast is

distinguished much more poorly than the other contrasts, including the native Ip-tl

contrast [F (14, 60) = 13.4, P = .0001]; the /I-r/, 1p-f1 and If-vI contrasts, however,

are distinguished equally weil and as accurately as the native Ip-tI contrast. This means

that /II, Irl, Ipl, If! and Ivl each have a distinct segmental representation in the Chinese

speakers' interlanguage grammars; Isi and lOI, on the other hand, will correspond to the

same phonological structure and, tberefore, will not he distinguished in these leamers'

interlanguage grammars.

Analysis of the Japanese data also confirm two distinct acquisition patterns [F

(14,60) = 34.99, p. = .0001]. These leamers represent the Ip-f! and If-vI contrasts in

their interlanguage grammars in the same way that they represent the native 1p-tJ
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contrast; there is no statistical difference between their (equally good) performance on

these three types of contrasts. There is also no difference in their (in)ability to

phonologically distinguish the II.-rl and 1s-fJ1 contrasts: they are equally poor. This

finding is especially interesting, given the difference we found between these two

contrasts on the auditory discrimination task. Despite the slight advantage in perceiving

Is/ and 18/, it is not sufficient to trigger acquisition. Neither the segmental representation

for IV nor for 191 bas been acquired by these leamers.

Finally, we tum to the Korean group, who have the identical pattern of

acquisition as the Japanese speakers: the n-rl and Is-fJI contrasts are not distinguished

in lexical items, whereas the lp-fI and If-vi contrasts are [F (10, 44) = 12.8, p. 0001 l.

In fact, although we saw above that the performance of the Korean speakers was

slightly depressed on the lp-fI contrast relative to the other language groups, it is not

significantly different from their performance on their native contrast. Thus, it appears

that whatever is causing the lower performance on the non·native contrast is not due to

the non-native nature of the contrast, but rather to some more general performance

factor. Nevertheless, additional studies exarnining Korean speakers' auditory and

phonological discrimination are clearly required to establish their perceptual and

linguistic abilities conclusively.

In summary, this experiment was conducted in order to determine whether our

theory of phonological interference could account for the acquisition of English

phonemes by speakers of different languages. Assuming that perception of non·native

contrasts is constrained by the phonological features manipulated in the leamer's native

grammar and that languages differ as to the features they manipulate, we would expect

leamers with different Lis to differ in their ability 10 acquire particular non-native

contrasts. Japanese, Korean and Chïnese ditTer in just this way.28 Specifically, the

.__._.~-_._------

28 The differmtial perfonnance of the two language groups aIso speaks to phonological theory,
providing experimental evidence for the representations ofIV and Irl assumed in this paper. According
to Brown {1993b, 1995),/1/ and Irl are distinguished by the presence ofCoronal in the rcpresentation of
Ir/. We can interpret the differential perfonnance of the two groups in tenns of the presence of this
feature in Chinese and the lack of it in Japanese. However. according to Rice & A very (1991 b>, IIJ and
Irl are differentiated not in terms of place features, but by manner features: Irl contains a voca.lic node
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grammar ofChïnese contains the feature [coronal], whereas the grammars of Japanese

and Korean Jack this feature. Given this, speakers of Japanese and Korean, on the one

band, and Chinese, on the other, should differ in their ability to acquire the il-rI

contrast, which relies on the feature [caronaI]. This is, indeed, wbat we round. Chïnese

speakers accurately perceive this contrast and, therefore, successfully acquire il.

Japanese and Korean speakers are unable to acquire this contrast since they do not

perceive III and Irl as different segments.

These three groups were fairly evenly matched for age ofexpoSW'e, education

and years spent studying English. Therefore, we can he confident that the differential

perfonnance of these groups stems from their respective LIs. Simply comparing the

phoneme inventories of these three languages, however, does not aIlow us ta explain

why Chinese speakers accurately perceive and acquire the Il-rl contrast, but that both

the Japanese and Korean speakers do not. By the same token, il is ooly by considering

the features utilized by the LIs that we cao adequately expIain whyall three language

groups were able to perceive and acquire the 1p-f1 and If-vI contrasts, which are

distinguished by features that exist in Japanese, Chïnese and Korean.

Likewise, the absence of the relevant feature from aIl three Lis accounts for

their uniform inability to acquire the 1s-61 contrast. Thus, the differeotial abilities of the

Japanese and Chînese speakers lends support to our theory of phonological

interference: oot ooly cao we account for disparate acquisition of non-native contrasts

by speakers of a single language, we can also explain disparate acquisition of a

panicular non-native contrast by speakers ofditTerent languages.29

Now that we have seen how the native grammar cao affect perception and

acquisition ofnon-native contrasts, a question that naturally arises is whether the native

grammar a1ways constrains phonological acquisition in this way or whether its eff~t

changes over time, as the leamer progresses. The Japanese leamers tested in experiment

whereas IV does not. Chinese and Japanese do not ditTer with respect to this feature~ thus Riec &.
Avery's representations incorrectly prediet that Chinese and Japanese speakers should perfonn similarly.

29 These conclusions are supported by Brown (to appear b) which compares the auditory and
phonological discrimination abilities of Japanese and Chinese speakers living in North America and
Brown (1996) which compares Japanese and Chinese speakers living in Japan.
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1 were relatively advanc~ living in North America and receiving abundant natural

English input. Since these leamers had already acquired two of the three non-native

contrasts, we found no evidence for any stages of acquisition. The leamers tested in

experiment 2 bad never lived in an English-speaking environment and were receiving

minjmal 10 no auraI English input al the lime of testing; but, a1though tbese leamers

were not always as accurate as the native speaker controls on those contrasts they had

acquirecL we still did not observe distinct stages of acquisition. Sïnce the first two

experiments were not longitudinal and aJso did not compare leamers with differing

levels ofL2 proficiency, we have no data to determine whether there is any change in

leamers' perceptual capacities. Does perception of non-native contrasts improve over

time? Is there any etrect of increased linguistic input? Is there evidence for stages of

acquisition? These questions were addressed in the foUowing experiment, which

investigated the acquisition of English contrasts by low proficiency and higber

proficiency Japanese leamers ofEnglish.

4.3.6. Experiment 3

This experiment was conducted in order to determine whether the influence ofthe native

grammar on the perception of non-native contrasts changes over rime as the L2 learner

progresses}0

Subi.cts

The subjects for this experïment were thirty-five native speakers of Japanese and 10

native speakers of English. The control group comprised American, British and

Canadian Englîsh teachers al Hokkaido University and Hokkai Gakuen University, in

Sapporo, Japan. The Japanese subjects were leaming English as a foreign language at

Hokkaido University and had never lived in an English-speaking country. Based on

teacher interview assessment of their overall proficiency, the Japanese speakers were

30 The results discussed below were fU'5t reported in Brown (1996).
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divided into two experimental groups: low-Ievel (n=20) and high-Ievel (n=I5). The

relevant background data are given in Table S.

Table 5
Subjeet IDformatioD

Mean Mean Mean
Group Age al Age of Years

Testin2
~

Studied

Low-Ievel 19 11.7 7.6

High-Ievel 24.5 12 ILS

Controls 35 - -

Contr••t. in"••tlgat.d & hypoth••••

Two experimental contrasts were tested in this experimen~ il-rI and Ib-v/; the native /p

bl contrast was also included as a control item. If perception and acquisition of non

native contrasts is constrained by the features of the native grammar, then since bath

beginning Japanese leamers ofEnglish and more advanced Japanese leamers ofEnglish

have the same native grammar, they should both he able to perceive the Ib-vl contrast,

yet unable to perceive the il-rI contrast.

Tasks & mat.rla/.

The tasks and materials used in this experiment were the same as those used in

experiment 1; an AX Discrimination task was used to assess perception and a Forced

Choice Picture Selection task was used to assess phonological competence.

Results & dlscu.s/on

On the auditory discrimination tas~ a response that the two words in the minjmal pair

were "different" was counted as correct and a ~'same" response was couoted as anerror.

Performance scores on each of the contrasts were tabulated separately for statistîcal

analysis. Figure 7 reports the mean performance scores on each of the contrasts for

each group.
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From bath the Low-Ievel and High-Ievel groups' near perfect performance on the

control items (i.e. native Ip-bl pairs), it is clear that the task itself does not pose any

difficulty for the leamers. Furthermore, the control group perfonned as expec~

accurately discriminating each of the three contrasts, with no significant difference

between contrasts [F (9, 20) = 1.09, P = .36].

As the graph illustrates, bath groups of Japanese speakers were significantly

worse than the English controIs al discriminating the il-rI contrast [F (2,44) = 74.49, P

= .0001]. However, there was no difference between the Low-Ievel and High-Ievel

groups in their ability to discriminate this contrast; learners in bath groups were unable

to perceive the difference between III and /r/. Thus, an increase in English proficiency

does not appear to affect perception of this non-native contrast. Accurate perception is

blocked by the native grammar in the earliest stages of acquisition and continues to

prevent perception even as the leamer progresses.

The situation is slightly different with resPeCt to the other non-native contrast.

While the Iearners in the Low-Ievel group were not as accurate al discriminating the lb

vI contrast as the learners in the High-IeveI group, there was no difference between the

High-Ievel and the control groups' perfonnance on this contrast [F (2, 44) = 9.79, P =

.0003]. Thus, there was improvement in the Japanese speaker's ability to perceive this

non-native contrast. We must keep in mind, tho~ that the Low-level group's

somewhat POOrer ability to discriminate Ibl and Ivl is still much better than either

Japanese group's ability to distinguish III from /r/. Finally, there was DO statistical
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difference between the three groups in their ability ta perceive the native Ip-bl contrast:

aIl Japanese speakers discriminated this contrast as weU as the native contraIs did [F (2,

44) = 1.08 , P = .35]. In short, whereas the ability to accurately perceive the il-rI

contrast does not improve over time, the ability ta perceive the Ib-vl contrast does

improve, from being fairly good to being native-like.

We can now evaluate the relative effect of the native grammar on each of the

contrasts at different stages ofacquisition by exarnining the performance of each group

individually. Beginning with the Low-Ievel group, we find that their perfonnance on

each of the contrasts is significantly different from each other [F (19, 40) = 73.53 , P =

.00 1]. That is, performance on the Ip-bl contrast, which is native-like, is better than

perfonnance on the Ib-vl contrast, which is better than performance on the il-ri contrast.

In contrast, there was no difference in the High-Ievelleamers' ability to discriminate the

Ib-vl and Ip-bl contrasts; both were perceived equally weU and more accurately than the

il-ri contrast [F (14, 30) = 91.75, P = .001]. These data show that at both stages of

acquisitio~ the Japanese speakers are unable to discriminate /1/ and Ir/, perceiving the~

instead. as members of a single category. However, they differ in their ability to

distinguish Ib/ from Iv/, indicating that the influence ofthe native grammar is not static,

but changes as the leamer's interlanguage grammar develops.

To summarïze, these data allow us to see the influence of the native grammar at

different stages ofacquisition. We found that the ability ta discriminate the II-rI contrast

does not change over time, whereas leamers do improve in their ability ta perceive the

Ih-vl contrast. We might he tempted to conclude from this that the influence of the

native grammar simply changes over time, constraining perception more tightly in the

early stages of acquisition but gradually weakening as the leamer's interlanguage

grammar develops. However, the situation is a bit more complex. We know that the

native grammar influences perception of non-native sounds in two ways: it may either

block perception or facilitate perception, depending on whether the relevant feature is

present or absent in the LI grammatical system. Looking at the data again, we see that

perception of the il-ri contrast does not improve; it is only the perception of /b-v/ which
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improves. Thus~ when the relevant feature is absent from the native grammar~as it is in

the case ofII-r/~ and perception is block~ the effect of the grammar remains COnstanL

However, ifthe relevant feature is present in the native grammar, as it is for /b-v/, then

the effect of the grammar may change. In other words~ the negative influence of the

native grammar on perception is absolute, but the positive influence of the native

grammar is enhanced as the leamer progresses.

For the picture identification task, selection of the target picture was counted as

a correct response and selection of the contrast picture was counted as an error. The

groups' overall perfonnance is compared in Figure 8.

Figure 8
Overall Pi~ture Perform.D~eby Contrast
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Neac perfect performance was attained by the Japanese group on the control items in

this task. Again, the perfonnance of the control subjects - accurate and with no

differences between contrasts - ensures that our task and materiais are reHable [F (9,

20) = 2.39, p = .12].

The pattern of performance on this picture task is very similar to that on the

auditory task. Both groups of Japanese speakers were significantly worse than the

English controls at distinguishing lexical items that ditTered by 11/ or Irl [F (2, 44) =

35.20, P = .0001]. Ye~ there was no difference between the Low-Ievel and High-Ievel

groups in their ability (or inability) to distinguish this contrast; leamers in both groups

were unable to discriminate /1/ and /rI phonologically. This indicates that neither the

beginner leamers nor the more advanced leamers have acquired the phonological
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structure necessary to differentiate tbese segments in their interlanguage grammars_

This is not the case, thou~with the Ib-vl contrast. While the leamers in the Low..level

group were not as accurate as the leamers in the High-Ievel group at distinguishing

items that differed by lb! or Ivl, there was no difference between the High-Ievel and the

control groups' performance on this conttast [F (2, 44) = 5.43, p = .007]. Thus~

duplicating the results from the auditory task, the ability ta ditTerentiate Ibl and Ivl in

one's interlanguage grammar appears to develop over time. This suggests that there are,

in fac~ stages of phoneme acquisition. With respect to the native Ip-bl contrast, there

was no statistical difference between the three groups: all Japanese SPeakers

discriminated this contrast as weU as the native controls did [F (2, 44) = 1.94 , P =

.15].

Looking al each group individually, we find that the perfonnance of the Low

level group on each ofthe contrasts is significandy different from the others (F (19, 40)

= 47.81 , P = .0001]. We find the same pattern ofperfonnance by the High-Ievel group

(F (14, 30) = 31.82, P = .0001]. Both groups are better at distinguishing the fb..v/

contrast than they are the il-rI cootrast, but they are still not as good at distinguishing the

Ib-vl contrast as they are their own native Ip-bl contrast. It is clear from the data that the

leamers do not differentiate IV and Irl in lexical items (i.e. the same structure is used to

represent both segments). It is also clear that they do have distinct representations for

Ipl and lb!.

What, then, is the status of the Ib-vl contrast, which seems to fall somewhere

between the other contrasts; bas it been acquired or not? 1 think the answer ta this

question is different for the two groups. In the case of the Low-Ievel group, it appears

that the new representations have not been acquired. This is not so surprising, given

their perception of the Ib-v! contrast, which while quite good is oot native-like. It is

possible that these learners have not yet deteeted contrastive use of these segments in

English and, as a result, have not yel acquired the new representations. In the case of

the High-Ievel group, however, 1 think \ve can be confident that they have acquired the

new representations. Imponantly, their perception of Ib-vl is native-like; thus a
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necessary condition for proper acquisition bas been met. Moreover~ their ability to

distinguish Ibl and Ivl in this task (although poorer than their ability to distinguish the

Ip-bl contrast) is as good as the native speakers~ ability to distinguish Ibl and Iv/~ who

undoubtedly differentiate these two soWlds in their grammars.31

The research question we attempted to answer in this experiment was whether

the influence of the native grarnmar on the perception and acquisition of non-native

contrasts changes over lime as the L2 leamer progresses. The data demonstrate that

there is not one answer to this question. The effects of the grammar~ either to block or

to [ad/uate perception and acquisition are differentially altered by the leamer's

development. [f the feature underlying a non-native phonemic contrast is absent from

the native grammar, then the native phonological system will continue to funnel the

distinct acoustic signais for those sounds into a single perceptual category throughout

the leamer's development; perception ofthese non-native contrasts will not improve. In

this case, the influence ofthe native grammar is rigid, immutable by increased exposure

to a second language. If: however, the feature underlying a non-native phonemic

contrast is present in the native grammar~ the capacity ofthe native phonological system

to use this feature in the processing of non-native sounds will he enhanced over the

course of the leamer's development; perception of these non-native contrasts will

improve. [n this case, increased exposure to a second language will actually strengthen

the facilitative influence ofthe native grammar.

4.4 Summary & Conclusions

The goal of the research program presented in this chapter is to develop a

comprehensive theory-driven model ofL2 phoneme acquisition which accounts for the

interrelation between Perception and phonological acquisition and explains how and

why this interrelation affects L2 phonological acquisition. [t was proposed that the

3 1 Depresscd performance by bath the High-Ievel and the native control group on the /b-vl
contrast is Iikely caused by acoustic propcrties of this pair of soumis, especially in the environment of
high front vowels, which minimizes their distinetiveness.
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monotonie acquisition of feature geometric strueture by young children reduces their

perceptual sensitivity te particular non-native contrasts and that this adult feature

geometry continues to mediate between the acoustic signal and the linguistic processor

in adult SPeeCh perceptio~ constraining which non-native contrasts adult leamers will

he sensitive to in the L2 input an~ therefore, capable of acquiring. Thus, in order to

fully understand why the LI granunar exerts such a profound influence on the

perception and acquisition of non-native phonemic contrasts, it is important that we

understand the development of these systems in first language acquisition and their

operation in the mature speaker.

Having determined how the interrelation between speech perception and the

phonological system originates, we are in a better position to capture the nature of the

mechanism that maps the L2 input onto LI phonological categories; utilizing the tool5 of

Feature Geometry theory enables us to formally articulate this mapping process. The

central daim of the theory of phonological interference developed here is that the LI

influence fOWld in L2 phonological acquisition is a consequence of how the speech

perception mechanism operates in the native speaker. Based on the proposai that the

decline in infants' ability to discriminate non-native contrasts is caused by the

acquisition of phonological structure, speech perception in the native speaker will

continue to he constrained by phonological properties of bis or ber native language

throughout adulthood; more specifically, ail speech sounds (native and non-native) will

he perceived in terms ofthe features exploited by that particular language.

The experimental studies reported above bave demonstrated that not all oon

native cootrasts are created equal: leamers with the same LI have more difficulty

perceiving and acquiring sorne non-native contrasts than they do others; likewise~

certain non-native cootrasts are easily perceived and acquired by sPeakers of sorne

languages, while those same contrasts will not he perceived or acquired by speakers of

other languages. These differences, both between contrasts and between speakers of

different languages~ were argued ta follow directly ftom the status of the relevant

distinctive feature in the leamer's LI grammar: presence of the contrastive features in
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the grammar serves lo sort the acoustic signal a10ng that particular dimensio~ mapping

the signais for two segments ooto distinct phooologica1 categories, whereas absence of

the contrastive feature entails that the acoustic signais for the phonemes he mapped ooto

a single phonological category.

We saw in experiment 1 that Japanese leamers' perception and acquisition of

various English contrasts differed in exactly this respect: they were able ta perceive and,

therefore, acquire those contrasts whieh are distinguished by a feature that their native

grammar employs for independent reasons (e.g., Ib-vl and If-v!), but were unable to

perceive that contrast that is distinguished by a feature not utilized in the LI (e.g., II-rf).

Similarly, experiment 2 provided evidence that Japanese, Korean and Chïnese speakers

differ in their acquisition of partieular English contrasts just as the model prediets:

speakers ofail three languages were unable to perceive the 1s-fJ1 eon~ which relies

on a feature absent from ail three LIs, yet were able to perceive those eontrasts

distinguished by features present in all three Lis (i.e., 1p-f1 and If-v/); most

importantly, speakers of these three languages differed in their ability to pereeive and

acquire precisely that eontrast, /I-r/, which is distinguished bya feature whose status

differs amoog these languages.

One implication of my proposai is tbat prior to the development of a

phonological syste~ infants should he able ta perceive contrasts whieh they will fail to

perceive as adults. With respect to Japanese speakers, if their difficulty discriminating

IV and Irl does indeed stem from the interference of their phonologjcal system (rather

than to, say, sorne genetie property ofJapanese speakers), then before that system is in

place, accurate perception of those sounds should he possible. Japanese infants have, in

fact, been shown to perceptua1Iy distinguish /1/ from Irl (Tsushima et al., 1994). Thus,

the inability ofJapanese speakers to discriminate IV and Irl as adults does indeed appear

to he a consequence of language development.32 Moreover, an early study by

32 Cochrane (1980) demonstrates that preadolescent Japanese children (ages 3-13 years) were no
better than adults at perceiving 11~1 minimaJ pairs. This fmding indicates mat the inability of the
Japanese adults to perceive this contrast is a result of a change that occ:urs very carly in language
developrnent (Le., acquisition of phonological structure) and not the result of a more general change
that occurs sometime prior to puberty (e.g., lateralization ofbrain funetion).
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Miyawaki et aL (1975) shows that the difficulties Japanese speakers have

discriminating III and Irl are due to specific properties of their perception ofspeech, not

ta deficiencies in their basic auditory mechanisms. These researchers found that adult

Japanese speakers accurately d.iscriminate II/ and Irl when they are presented in a "non

speech moden
•33 In other words, Japanese speakers are able 10 discriminate /II and Irl

when the acoustic signal is processed directly by the auditory syste~ rather than the

linguistic module.

We know from first language acquisition research that the development of

segmental structure involves the interaction of Universal Grammar and the leamer~s

detection of phonemic contrasts in the input. Thus, successful acquisition of novel

phonemes by L2 leamers depends not ooly on the availability of UG, but, imponantly,

on adequate intake to the language acquisition device. By demonstrating that sorne L2

leamers do not perceive the L2 input correctly (in fact, precisely those learners who are

unable to acquire the given contrast), this research strongly suggests that the inability of

sorne L2 leamers to acquire novel phonemic contrasts is due to the lack of proper input,

rather than the unavailability of UG. Thus, the failure of L2 leamers to acquire novel

phonemes should not necessarily he taken as evidence that UG is oot avaiJable in L2

acquisition. In fact, these results demonstrate that if L2 learners are able to perceive a

non-native contrast, they are able ta acquire that conttast, suggesting that the

mechanism for constructing novel segmental representations (which is arguably part of

UG) is still operative in L2 acquisition.

These findings fit in nicely with recent trends in second language acquisition

theory which suggest that differences in LI and L2 acquisition (as weil as differences

across learners in L2 acquisition) stem not from the inavailability ofUniversal Grammar

but rather from the initial state of acquisition (papers in Schwartz & Eubank~ 1996).

The goal of this new line of research is to define the initial state of L2 acquisition an~

thereby, explain the development ofthe L2 grammar. Differences in L2 acquisition of a

33 ln the "non-speech mode'\ ail of the acoustic infonnation that does NOT differentiate the two
soumis - namely the tirst and second formants - was removed from the stimuli, resulting in something
that sounds liIee a high-pitched glissando.
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particular language that covary with leamers' native language are DOW assumed to he a

result of the L2 initial state. The research agenda, the~ is ta define this initial state.

Research on the acquisition of syntaetic properties of the L2 bas been used ta support

severa! hypltheses regarding the linguistic content of the initial state (see Schwartz &

Eubank, 1996, for Schwartz & Sprouse's Full Transfer/Full Access Model, Vainikka &

Young-Scholten's, Minimal Tree Hypothesis, and Eubank.'s Weak Transfer

Hypothesis). The findings from experimental research on the L2 acquisition of

phonemes seem to he most consistent with Schwartz & Sprouse's hypothesis that the

entire LI system forms the initial basis of L2 acquisition: all of the data indicate that in

the earliest stages of L2 acquisition, L2 phonemes are mapped according to the LI

feature geometry onto LI phonemic categories; only subsequently are new L2

categories acquired.

The daim that the entire LI phonologîcal system constitutes the initial state for

L2 phoneme acquisition raises an interesting question: Ifthe acoustic signal is perceived

in terms of the leamer's LI phonemic categories, how can the leamer accurately

perceive non-native SOWlds in order for oew phonemie categories to he established? In

other words, how cao the input he mapped by the adult feature geometry ooto new L2

categories when those categories don't yet exist? The answer to this questio~ 1 believe,

depends on whether it is the phonemes or the jeatuTes of the LI whieh constrain

perception. If the acoustic signal is mapped onto LI phonemes, then it would seem that

it is the phonemic level which impinges upon L2 acquisition. Ye~ 1 have argued that it

is the featural level which is relevant.

A closer examination of the data from low and high proficiency learners

presented in experiment 3 suggests how these two positions might he reconciled. In

particular, these data suggest that initially, in the earliest stages of acquisitiol1y the

phonemes of the LI have a profound influence on the perception of non-native

contrasts. In an attempt to understand the L2 input, and in the absence of new

phonological categories, the L2 input is fitted into the LI system any way it cao be

(often by brute force, ignoring variations that the system senses but cannot yet dea1 with
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appropriately). For example7 the acoustic signais for bath lb! and Ivl will he mapped by

Japanese SPeakers onto the LI phoneme lb! and the acoustic signais for II/ and Irl will he

mapped onto Irl. This will be the initial stage of acquisition an~ incidentally, the

situation for loanword phonology.34

However, despite the initial attempt of the LI system ta accommodate all of the

input within LI structures7 portions of the L2 input will not map adequately to the LI

syste~ as a result of the presence of the relevant contrasting feature. Taking our

example again, the English Ib/ will map completely onto the Japanese phoneme Ibl, but

the English Iv/ will not map precisely to the Japanese category.3S Thus7 although bath

are perceived as a single category in the early stages of acquisitio~ the presence of the

feature [continuant] ensures that the acoustic signal for Iv/ does not correspond exactly

to a Japanese category; this slight misrnatch hetween the L2 input and the LI structures

will cause perceptual reorganization (the heginner leamers in experiment 3). Over the

course ofdevelopment, and with increased exposure, a new phonologjcal category will

he established; following the establishment of this new category7 the original native

category will he by-passed entirely in perœptio~ and perception of those contrasts will

he native-like (the advanced leamers in experiment 3). If, however, the feature that

distinguishes a given non-native contrast is absent from the LI grammar, then the L2

input will map perfectly to an existing LI category and there will he no trigger for

34 Loan words in Japanese are wrinen in katakan~ one of the two lapanese syllabary writing
systems. When a foreign word containing the segment [v] is bonow~ this segment is traditionally
uanscribed as one ofthe kana for [bal, [hi], (be), [bol or [bu] (i.e., [bl is substituted for [v]). However,
within the last tive years, a new kana symbol has been introduced by Monbusho (Japan's Ministry of
Education) to represent the sound [v),"r, which is the symbol for the vowel [u], plus voicing marks).
Thus, just as it is possible for the leamer, who originally maps ail L2 sounds onto LI categories (even
those that do not match perfectly), to acquïre a new~l eategory for those L2 soumis that do not
correspond perfectly to the LI categories, so to can wriung systems he adapted to better represent the
original pronunciations of loanwords. Words Ibat were borrowed into Japanese before the introduction
ofthis new symbol for [v] continue to be written as though they contained a [h] (e.g., '4boriboru~ for
volleyball), but words that have been borrowed after the introduction of this symbol are written to
accurately reflect the language of origin's pronunciation (e.g. "Bon Jovi" for Bon Jovi). Il is quite
interesting (and not accidentai, [think) that a Dew katakana symbol has been introduced for [v] (an L2
phoneme which Japanese speakers have been shown above to accurately perceive), but not for (1] (an L2
phoneme which these speakers do not accurately perceive). That the writing system has becn modified
to accommodate [v], but not [1]. ref1ects. 1 thinle, the increasing perceptuaJ awareness of Japanese
speakers that [v] does not adequately correspond to any native Japanese phoncmcs.

35 This position predicts that the time required to process English Ibl and Ivl by Japanese speakers,
for example, will differ. Since English lb! maps exactly ta the Japancse category. it should be identified
as Ibl more quickly than Ivl is identified (as Ibl or Iv/).
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acquisition, as was the case with both our beginner and advanced leamers for the ll-rI

contrast. Thus~ while the input is initially sorted in terms of L1 phonemes~ it is the LI

features which guide this mapping process~ therefore~ determine to wbat extent the

L2 input can be accommodated by existing phonological structure; in this way the

features also consttain which non-native contrasts will he acquired by the leamer.

In 1939, Trubetzkoy wrote that "once a speaker bas leamed to attend to certain

features only~ he supposedlyapproaches ail other languages through bis own 'grid' of

distinctive versus non-distinctive features" (p. 54). A1though our theories of segmental

representation and language acquisition have evolved since then, the three experimental

studies discussed in this paper demonstrate tbat Trubetzkoy was essentially correct: a

speaker's LI grammar constrains the non-native contrasts that he or she will he able ta

accurately perceive and subsequently acquire. The theory of phonological interference

developed in this paper helps us to better understand why and how the LI exerts an

influence on the acquisition ofa second phoD~logicalsystem. By isolating those asPeCts

of the LI grammar which are responsible for this influence (i.e., the phonological

features) as weU as providing an explanation of the mechanisms which exert this

influence (i.e., the operation ofspeech perception in the monolingual), we can not only

explain differences in. a leamer's ability to acquire various non-native contrasts, we can

aIso accoWlt for the varying abilities of leamers with different LI's to acquire the same

non-native contrast.

-246-



•

•

Conclusions to the Thesis

The research that bas been presented in this thesis is very much theoretically driven:

assuming speakers' knowledge of phonemes 10 consist of feature-geometric

representations in their mental grammars bas influenced how we understand the

acquisition of that knowledge by cbildren, and how we account for the use of tbat

knowledge by mature speakers in their perception ofspeech sounds. While our theories

ofacquisition are dependent upon our theories of grammar, satisfactory explanation of

the acquisition and use oflinguistic knowledge in terms of the constructs of a particular

theory also lends (indirect) support for those very constructs.

To conclude this dissertation, 1 will review the major results of the research

presented here and consider how these findings contribute to the goals of linguistic

theory, as weil as ta phonological theory and our theories of acquisition. Three of the

primary goals of a generative theory of grammar are ta: 1) formally characterize the

knowledge that speakers have about their native language, 2) determine how that

knowledge (Le., the constructs posited to represent that knowledge mentally) is

acquired, and 3) ascenain how that knowledge (ag~mental constructs) is used in the

production and comprehension of language (Chomsky, 1981, 1986). As each of the

four papers in this thesis bas been previously sum.marize<L and conclusions from each

have been drawn in the separate chapters, 1 will not spend unnecessary time and paper

(re)swmnarizing the research in each one at this tinte; rather, 1 will focus on how the

general findings of aIl four combine to provide some answers to these three broad

issues.

Let us first consider the goal of detennining what constitutes knowledge of

phonemes. 1 have assumed in this thesis that speakers' knowledge of phonemes (Le.,
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their behavior in phonological processes and their contrastive nature within an

inventory) is best characterized by feature-geometric representations~ as put fortll in

Feature Geometry theory. According to this theory, the relations amongst features are

captured structurally in terms of hietarehical anays of those features witbin the

segmen~ at allievels ofthe phonology (see Appendix E for a comparison of this theory

with Optimality Theory). The main results of each component of research presented in

this thesis support this position.

Chapter 1 presented evidence that even the mysterious behavior of bath

sonorant and non-sonorant lateraI segments could be captured by feature geometrie

representations. Panicularly at issue was whether the feature [lateral], traditionally

assumed to distinguish lateral segments from non-Iateral segments~ should he included

in the universal hierarchy of phonological features. The arguments discussed there

suggest that [lateral] is not a phonological feature and that laterality (in bath $Onorant

and non-sonorant laterals) is a phonetic property derived from specifie feature

geometric representations. Unti! DOW, laterals and their representation have resisted

straightforward treatment in Feature Geometry theory. By demonstrating that the full

range ofphonological behavior oflateral segments can he captured in terms of feature

geometric representations~1deflect the criticism that Feature Geometry is inadequate as

a theory ofsegmental representation. Thus, this research provides support for the claim

that a speaker's knowledge of phonemes is best characterized in terms of the

hierarchical organization of features within the segment; it also pinpoints what

constitutes knowledge of laterality, in particular that [lateral] is not part of a speaker's

phonological knowledge of segments and that (Coronal] differentiates the lateral and

central approximants 11/ and Ir/.

We tum. now to consider the second goal of linguistic theory: to detennine how

this knowledge of phonemes is acquired. Of course, when we investigate the

acquisition ofknowledge of phonemes (or any other type of linguistic knowledge, for

that matter), what we are actually doing is trying to determine whether (and how) the

mental constructs that linguists have posited ta characterize that knowledge can he
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acquired. Tbus, ta the degree that acquisition research cm experimentally demonstrate

that feature-geometric representations can he acq~ as constrained by the theory of

Feature Geometry posited in UG, it provides (indirect) support for the claim that

feature-geometric representations are the correct cbaracterization ofthat knowledge.

The main resu1t of Chapter 2 was that knowledge of phonemes of the ambieot

language is gradually acquired; that is, segmental representations are progressively

elaborated, in a systematic order, until ail of the target language,s phonemes are

differentiated in the emerging grammar. This systematic order of acquisition, as weil as

the particuIar order observ~ was argued to stem from the active involvement of

Feature Geometry in phoneme acquisition: as a theoretical cbaracterization of innate

properties of the developing human nervous system (Le., part of UG), Feature

Geometry provides the featural material and constrains the process by which children

acquire phonemic representations. By establishing how children acquire segmental

representations (and showing that there is a way into the developmental state and a way

out), this research demonstrates that feature-geometric representations are indeed

acquired on the basis of positive evidence and that knowledge of the hierarchical

arrangement of features is a component of UG, thereby providing indirect support for

the theory ofFeature Geometry itself:

Finally, with respect to the third goal, of ascertaining how linguistic knowledge

underlies language use, Chapters 3 and 4 outIined the way in which phonological

knowledge impinges upon the comprehension and processing of SPeech sounds. Here

again, the demonstration that the fearure-geometric representation of phonemes cao aid

our understanding of the influence tbat phonemic knowledge exerts on the speech

perception system also strengthens the claim that this knowledge is mentally represented

in terms of hieraICbical feature anays. Our examination of the development of speech

perception and LI phoneme acquisition indicated that a child7 s Perceptual capacities

worsen as bis or her ability to discriminate phonemes structurally in the grammar

improves. This was takeo as evidence that the elaboration of Feature Geometry in the

-249-



•

•

child~s grammar imposes the boundaries according to which phonemes will he

categorized perceptually.

Thus, not only does the acquired hierarchy of features reBect which segments

are contrastive in a speaker~s grammar, it a1so corresponds to properties of the speech

perception system. Thus, the research presented in Chapter 3 and Chapter 4 on the

perception and acquisition of severa! non-native phonemic contrasts by Japanese7

Korean and Chïnese speakers suggests that feature-geometric representations (once

acquired) have psychological consequences in the perception ofspeech sounds, lending

strong support to the view that a speaker's knowledge of phonemes is hierarchical in

nature and that segmental representations correspond to psychological properties of the

humanmind.

In the remainder of the conclusio~ 1 tom to consider what these findings might

contribute to phonologica1 theory, second language acquisition theory and our

conception ofUG. Let us start with phonological theory. Although most phonological

theories, including Feature Geometry theory, recognize that lexical items are

decomposable into segments which are themselves decomposable into features~ very

few (if any) would accord independent status to ail three. That is~ while phonologists

tal.k of a language~s invenlory of phonemes or invenlory of features7 these are not

viewed as existing independently from the lexical items that they comprise; rather the

"'inventory~' itself is epiphenomenal (i.e.7 it is the aggregate of features or segments

present in lexical items). The acquisition and perception data reported in this thesis~

however, suggest that there may he evidence for features and segments as autonomous

types of phonological knowledge.

In the theory of phoneme acquisition outlined in Chapter 2, it was taeitly

assumed (though not explicitly stated) that the feature hierarchy exists separately from

the individual lexical items that incorporate those hierarchicalIy organized arrays. In

particular, it was argued tbat UG provides the emerging grammar with a minimal

amount ofFeature Geometry which is subsequently elaborated on the basis of deteetion

ofcontrasts in the input. Now, this Feature Geometry in the emerging grammar couJd
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either he interpreted as simply a theoretical model of the amalgamation of individual

phonemes' feature geometries or it couid he viewed as an independent linguistie entity

which represents a different level (or type) ofphonological knowledge.

The findings from the perception of non-native sounds suggests that this

Feature Geometry does, in fac~ have an independent status and is separate from

representations of individual segments or lexical items. The evidence for this is L2

leamers' ability to perceive non-native contrasts, as facilitated by the features utilized in

their grammar. Leamers are not restricted ta perceiving ooly the feature patterns

instantiated in their native segmental representations; rather, the adult feature geometry

would appear to operate independently of native phonemes or lexical items. Thus, it is

not the LI representations themselves, but the components of those representations

which map the acoustic signal ooto native perceptuallphooemic categories.

We find simiIar evidence for the independent status ofsegments in the grammar.

It bas been difficuit to find physical or psycholinguistic evidence for the segment; the

fact that it is very difficult to match the overlapping acoustic signal to discrete segments

and that phoneme awareness seems to he an artifact of reading education bas been a

factor in dissuading phonologÏsts from positing a phoneme inventory in the grammar

that is separate &om the lexical items of which the phonemes are a part. However, the

perceptuaI findings from the studies reported here suggest that there is indeed an

independent phoneme inventory in the grammar of speakers. Although it is the feature

geometry which guides the mapping, the acoustic signal is mapped onto LI phonemie

(or perceptual) categories. Thus, L2 sounds are perceived and identified as instances of

LI segments.' This role of the LI phonemes is most evident in the early stages of L2

phoneme acquisition in which ail of the L2 input are mapped onto these LI categories;

only subsequently will new categories he established for certain L2 segments.

Moving now to acquisition theory, the findings regarding what triggers the

acquisition ofsegmental representations is very important We have established that it is

1 Quite interestingly, this is the case for Japanese and Chinese speakers. both of whom do not
have phonemic writing systems. Leamers who have syllabic and ideographic scripts. nevenheless, show
psycholinguistic evidence ofhaving perceptual categories that correspond to phonemes.
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the detection ofa contrast in the input that causes the acquisition of phonemic contrasts.

Quite broadly, this knowledge could be applied to different teaching situations (either in

speech therapy context or language teaching context), in which the crucial task of the

instructor would he to heighten awareness, either through different aetivities or

manipulation of the input, of the contrastive nature of segments. But even more

significantly, this research demonstrates tbat when acquisition researchers investigate

L2 acquisition (ofphonologjcal knowledge or any other type of linguistic knowledge)

it is imperative to establish that the leamers are receiVÏng the appropriate input. "Input"

here is not meant in the traditional sense of the relevant input being present in the

language environment, but rather as intake to the acquisition device. If we are to

evaluate the acquisition of L2 knowledge, then we need to veritY, experimentally if

possible, that the leamer is perceiving (or analyzing) the L2 input in a way that is

faithful to the phonetic, syntaetic, morphological or semantic information contained in

that input. Successful acquisition of L2 structures depends not only on the availability

of UG, but., crucially, on accurate perception and analysis of the input. We may

uItimately detennine that learners cannot acquire properties of the L2 that are govemed

by UG precisely because they are not able 10 extract the relevant information from the

input, due to the interference of their LI grammar; but this, 1 believe, is different from

concluding that UG is inaccessible.

Finally, this brings us to the nature of the role of the LI grammar in second

language acquisition. It bas become increasingly clear, from the results of these studies

and many others, tbat the LI exerts a tremendous influence on the course of L2

acquisition. Many have concluded from these studies that UG is only accessible in L2

acquisition via one's LI grammar. There two possible ways in which the LI might

constrain L2 acquisition that would create the impression that ooly properties of UG

instantiated in the Limay be acquired; each takes a different view on the relationship

between UG and the LI grammar. The first alternative is that UG is accessible via the

LI precisely because UG was, in fact, transmuted into the LI grammar in the course of
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LI acquisition (see e.g., Chomsky &.L~ 1993). Under this view, acquisition of

L2 structures or principles should he limited to those that are also found in the LI.

The other alternative is that access ta UG appears to be limited by the LI

because the native grammar (in many instances) disrupts the tlowof information to UG

that would otherwise trigger the acquisition ofL2 structures. Under this view, much of

the relevant L2 input will be filtered out by the LI grammar, but in those limited

instances in which it was not, acquisition ofL2 properties should he possible. AU ofthe

L2 studies discussed in this dissertation demonstrate that when learners perceive a novel

contrast in the L2 input, new perceptual categories and phonological representations can

he acquired. Thus, the data presented here argue in favor of the view of UG and LI

acquisition in which properties ofUG are transmitted to the emerging grammar, but tbat

UG itself remains intact, providing L2 leamers information about the L2 not deducible

from the input when the conditions necessary for acquisition are met.
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AppendixA

Sample stimulus array
(L1 acquisition study)
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Appendix B

Experimental stimulus items
(L1 acquisition study)

SV Node Peripheral Node
sonor,antvs.ob~ent coronal vs. labial

mail pail pail tail• nail tail map nap
rose toes mail nail
dot knot ball doll
bat mat pie tie

Oral Node Peripheral Node
nasal vs. oral sonorant coronal vs. velar

Iight night cap tap
nose rose deer gear

Iap nap cap top
nail rail key tea

neck wreck cape tape

VocaI.ic Node Dorsal Node
lateral vs. vocalic sonorants labial vs. velar

• lamb ram boat gOal
lock rock keys peas
lake rake bait gale

lamp ramp cot pot
Iip rip core pour
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Appendix C

Experimental stimulus items
(L2 acquisition study)

Onset Condition Non-Vr Eoils

lip-rip light-night

lock-rock toes-rose• liee-rice nose-rose

rake-Iake keys-peas

lamp-ramp ball-doU

IamlHam taJHap
nose-toes

Cluster Condition

blade-braid Identjcal Pair Foils

clown-crown liœ-lice

fly-fry rock-rock

flute-fruit lock-lock

glass-grass fly-tly

• flock-frock fry-fry

braid-braid

Coda Condition blade-blade

ball-bar [bol-bar] pear-pear

eel-ear [i:l-i:r] pail-pail

pail-pear [ped-per] hold-hold

bowl-boar [bocm-bor] hoard-hoard

tile-tire [tad-tarr] bowl-bowl

hold-hoard (hOGlld-hord] boar-boar

tire-tire

tile--tile
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Appendix D

Sample stimulus array
(L2 acquisition study)
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Appendix E

An Examination of the
Implications of Optimality Theory

for First and Second Language Acquisition

The knowledge that speakers possess about their languages does not change despite

changes in our fonnal characterizations of that knowledge; however~ our theories of

acquisition at a specific point in time cre dependent upon the particuJar characterizations

of linguistic knowledge at that time. Thus9 as the theory of grammar changes~ our

understanding of how that internaI system is acquired may a1so require modification.

RecentlY9 theoretical phonology bas witnessed a dramatic shift in the approach to

defining grammatical knowledge that bas potential consequences for our interpretation

(and explanation) of the acquisition and perception data discussed in this thesis. This

shift in phonological theory and characterization of linguistic knowledge has been due

in large part to the development ofOptimality Theory (01) (Prince & Smolensky, 1993;

McCarthy & Prince, 1993).

In this appendix, 1consider, fairly closely~ the implications that this new theory

of grammar bas for first and second language acquisition. An important goal of this

discussion will he 10 examine whether the implications of this new conception and

characterization of phonological knowledge undermine the theory of first and second

language phoneme acquisition developed here; we will also explore the possibility that

the experimental findings obtained in this thesis cao he brought to bear on cuneot

theoretical issues. A.fter elaborating the fundamental premises ofOT, 1will consider the

consequences that adopting each ofthese premises entails. Experimental evidence from

first and second language acquisition will then he brought to hear on these issues. This

evidence suggests that sorne of the consequences that follow from the OT view of the
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grammar are not supponed; 1 argue. furthermore, that we obtain a more satisfaetory

expIanation of the perception and acquisition data presented in this dissertation under

the view of the grammar assumed in Feature Geometry theory.

A.t A Brief Overview of the Tenets of Optimality Theory

In order to consider the implications of this framework for acquisition and perception,

we must first briefly review the main tenets of OTe There are three fimdamental

premises: 1) the grammar ofa language consists ofa rank-ordered set ofconstraints, 2)

these constraints are rninimally vioIable, and 3) these constraints are universal, with

different languages' grammars heing defined by different rankings of the set of

constraints. Let us examine each ofthese in tum.

In standard non-linear pbonology. the reIationship between an underlying

representation and its surface fonn is captured by the application of a set of rules (in

connection with a set of well-fonnedness constraints) to underlying fonns in order to

derive surface forms. In this view. the grammar consi5ts of a set of representations, a

set of rules and a set of constraints. However, within OT, the grammar is viewed as a

set ofconstraints only; no rules (or derivational processes) are presumed to exist in the

grammar, and it is currently heing debated to what degree (if at all) representations

contain internai structure (e.g., feanue-geometric structure). The reIationship between

underlying representations (tenned INPUTS in On and their surface forms (tenned

OUTPUTS) is govemed by satisfaction of the ranked set ofconstraints.

Thus, OT accounts for phonoIogical phenomena tbrough a process of constraint

satisfaction: a component of the grammar (tenned GEN) generates a set of candidate

OUTPUTS which are evaluated according to bow weil eacb satisfies the ranked set of

constraints; the member of the candidate set that best satisfies the set of constraints in

that grarnmar (i.e., satisfies the highest ranked constraints relevant for that fonn) will he

optimal and bence surface as the OUTPUT form carresponding to that INPUT.

lmportantly, there are assumed ta he no constraints on INPUTS; regardless of the
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specific content ofthe lNPUT, the effeet of the constraint hierarchy is to plevent all but

the correct (i.e., optimal) form from being produced. The different rankings of these

constraints produce the cross-linguistic variation we observe in phonological data.

Another fimdamental premise of this approach is that, in contrast to the strict

satisfaction demanded of well-fonnedness constraints of non-linear phonology,

constraints in OT are mjoimally violable. When one constraint is ranked above another,

the requirements of the bigher ranked eonstraint take precedence in determining well

formedness. In such a case, violation of a lower ranked constraint is permissible in

order to satisfy a more highly ranked constraint. Thus, an optimal OUTPUT is not one

that satisfies all of the well-formedness constraints, but rather the one that violates the

fewest number ofbigh-ranking constraints (relative to the other candidates). One of the

consequences of minimal violability is that the effect of any given constraint is no

longer "aU or nothing"; when possible, a constraint will he satisfie<L but under certain

circumstances it may not he.

The final premise of DT that we will he coneemed with here is that the set of

constraints is universal (Le., the same set ofconstraints is present in every grammar); it

is the variable ranking of these constraints that defines the grammars of different

languages and produees cross-linguistic variation. In some languages, thou~ the

effects ofevery constraint may not he readiIy apparent; this lack ofovert visibility of the

workings ofa particular constraint are due, however, to its relatively low ranking in the

grammar rather than its absence from the grammar altogether. Since each constraint is

universal and, therefore, present in every grammar, acquisition in OT does not involve

the acquisition of language-specifie constraints; rather the process of acquisition is the

re-ranking of the set of constraints, from sorne default order given by Universal

Grammar (UG) to the specifie order for the language being acquired. Thus, in this

view, UG eonsists orthe default ranking of the constraints and is itself transmuted into

the target language grammar on the basis ofpositive evidence.1

1 Note that this view is consistent with Chomsky &. Lasnik (1993). but differs from Haegman
(1991), White (l989a), and the view taken in this dissertation that properties of UG are transmitted to
the emerging grammar, but that UG ilSelf remains intact.
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The notion that different grammars are defined by different constraint rankings

and the effects of minimal violability and can he seen in the generic tableaux for two

hypothetical languages in (1). 80th languages contain the same constraints (here

Constraint ~ B and Cl, but they differ with respect to the rank-ordering of those

constraints.

(1)

•

Coostraint Coastraint Coosttaiat
B li C

candidate 1

!INPUT!

ua candidate 2

•

Coastraint Constnint Coastraint
ABC

candidate 2 • !

1INPUr!

~ candidate 1•
•
.!
~

Constraint violation
Fatal violation (candidate no longer c:onsidcred)
Optimal candidale

= Constraint not relevant for detennining the well-formedness ofIbis candidate

•
Assuming the same INPUT, GEN will generate the same set of candidate OUTPUTS in

both languages (only two are listed since they suffice to illustrate the point here);

however, the different rankings will obtain different optimal OUTPUTS (candidate 1 in

language ~ candidate 2 in language Y). Thus, the cross-language differences

illustrated here between these two languages are a result of the reverse ranking of

Constraints A and B.

The notion of minimal violability is also illustrated by the above tableaux.

Although candidates 1 and 2 are the optimal OUTPUTS in Languages X and Y,

respectively, these faons nevertheless violate constraints in the language. However, the

optimal OUTPUT violates the lcast number ofmore higbly ranked constraints. Thus, for

example, candidate 1 in Language X is the optimal OUTPUT because il does not violate
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the highest ranked constraint here~ Constraint ~ eventhough it does violate the more

lowly ranked constraint, Constraint B.

A.2 Some Consequences of tbese Premises

This section outlines some of the consequences that follow from these fundamental

premises. There are two issues~ in particular, that 1 would like to focus on: 1) the

consequences that the emphasis on constraints in OT bas for our theory of segment

structure, and 2) the consequences that the notion of constraint violability bas for our

theory of underspecification. Each of these points will he elaborate<L paying close

attention to the implications that each bas for acquisitio~ followed by a discussion of

whether the experimental data discussed in previous chapters cao he used to resolve

sorne of these issues.

The InternaI Structure ofSegments

Concomitant with the move in OT to account for phonological phenomena in terms of

constrain satisfactio~ there has been a shift away from an emphasis on segmental

internai structure (e.g., Feature Geometry theory). If we assume that the relatiooship

between INPUT and OUTPUT forms is govemed solely by a set of constraints, there May

he little need ta posit highly articulated representations. Thus, DT de-emphasizes

(highly-articulated) representations, placing the burden of accounting for phonological

alterations instead onto constraints and their interaction.

There have been several recent attempts to abolish feature-geometric structure

within the segment and to derive the hietarehical organization of features from the

ranking and interaction of constraints on the occurrence of features (e.g., Cole &

Kisseberth, 1994; Padge~ 1994; Pulleybl~ 1997; cf: esp. Kawasaki, 1997). Since

this approach runs counter to the theories of first and second language phoneme

acquisition developed in this thesis, it is important to consider the extent to which the

DT framework can adequately account for the properties of acquisition and speech
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perception that were argued in this thesis to foUow from the hieratehical organization of

features within the segment.

Before examining how OT might capture the relations that seem to hold

between certain features, let us (re)consider what specific properties of phoneme

acquisition sueh an OT analysis would have to explain. We saw that ehildren acquire

phonemic contrasts in a uniform order. The dependency relations eoeoded in the feature

hierarchy enable us to expIain this fact: strueturally less complex segments are acquired

before structurally more complex segments (Le., superordinate structure is acquired

before dependent structure); relations between particular features predict the specific

orders ofacquisition that we observe (e.g., labial segments are distinguished from oon

labial segments before a contrast is made between the oon-Iabials).

Furthermore, constituency relations within the universal feature hierarchyenable

us to explain the limited amount ofvariability observed across children. The Organizing

nodes SONORANT VOICE and PLAC~ which dominate the features pertaining to

sonorancy (e.g., [approximant], [nasal]) and place of articulation (e.g., [labial],

[dorsal]), respectively, are independent constituents and May, therefore, he acquired

independently. The order of elaboration within a single Organizing node is fixe~ but

the order ofelaboration across the various Organizing nodes is not restricted. Given the

independenee of these Organizing nodes, sorne children wiU first acquire contrasts of

sonorancy, sorne children will first acquire contrasts within the place of articulation,

and sorne children will elaborate both Organizing nodes simultaneously. Unless we

assume hierarchical relations between features (encoded somewhere), we lose an

insightful explanation for the uniformity across children (including the limited amount

ofvariability) and for the specific orders ofphoneme acquisition that are observed.

Our account of the LI grammar's influence on speech perception and L2

phoneme acquisition also relies on the hierarchical relation of features. [t is, for

example, the dependence of [anterior] and (retroflex] on the Coronal node that enables

us to explain why speakers whose LI grammars lack those dependent features rail to

discriminate contrasts within the coronal place of articulation (i.e.., anterior coronaIs
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from retroflex coronals), perceiving aU such solDlds simply as coronal. Without this

sort of dependency relation (ag~ encoded somewhere), we would he unable to

predict which LI phonemic category a given L2 segment will he perceived as. Thus, the

dependencies between features is clearly an important factor in LI and L2 phoneme

acquisition; these theoretica1 notions apPear ta he a reaI component of speakers'

knowledge of phonemes. The following section outlines how the relations between

features can he encoded into constraints (and their rankings); we will see that there may

he little empirical difference between OT and Feature Geometry theory with respect ta

acquisition.

There are two types of constraints posited by OT that are relevant for our

discussion: faithfulness constraints and ·Structure constraints. Faith.fulness constraints

serve to maintain identity hetween the INPUT and the OUTPUT. That is, faithfulness

constraints ensure that the phonological material that is present in the INPUT will also he

present in the OUTPUT. An example of this kind of constraint is PARSE F (where F

stands for some phonological feature); satisfaction of PARSE F assures that a feature

present in the INPUT will he parsed and surface as an element of the OUTPUT. The other

type ofconstrain~ ·Structure, favors OUTPUTS with the fewest features possible; thus,

in contrast to faithfulness constraints, ·Structure constraints typically cause an OUTPUT

to diverge from strict identity with the INPUT. For example, satisfaction of ·F will

ensure that that feature is not present in the OUTPUT, regardless of whether it is present

in the lNPUT.

The relative ranking ofPARSE F over *F in a given constraint hierarchy (Le.,

grammar) encodes the fact that the feature F is contrastive in that particular language: the

presence of the feature F in an INPUT will he maintained in the OUTPUT because the

satisfaction of PARSE F is of greater importance in this language than the restriction

against that feature appearing in the OUTPUT, ·F. Each phonological feature will have a

corresponding faithfulness constraint and ·Structure constraint that in tandem determine

its appearance in OUTPUT forms; for example, there will be a PARSE [CoronaI] and a

·[Coronal], a PARSE [aspiration] and a ·[aspiration], and 50 on.

-278-



•

•

One of the fundamental premises of DT is that aU potential rankings of the

universal set ofconstraints are possible~with each different ranking yielding a possible

human language. With respect 10 the various PARSE F and *F constraints (Le.~ one of

each for each feature), this means that any rank ordering of these with respect ta one

another is possible, and should yield a licit phoneme inventory. In other words~ (in

theory) there is no inherent ordering hetween any of the constraints that govern the

appearance offeatures in OUTPUT forms: the inclusion ofone feature in a language, for

example [anterior] (i.e.,. PARSE [anterior] » ·(anterior]), does not entail the presence

of any other particular featw'e, for example [CoronaI] (i.e.~ PARSE [Coronal] »

• [Coronal]).2

[t bas come ta he realized thou~ that certain features have inherent relations

between each other; the typical case appeals to phonetic motivatio~ in which the

movement of one articulator delimits the corresponding constriction location (e.g., the

featme [CoronaI] delimits constriction to the region in front of the soft palate). In order

to capture this son ofinberent relation (as weil as other non-segmental phenomenal, OT

bas had to introduce the idea that the rankings of some constraints with respect ta each

other are fixed. This 50- called "bannonic rankingn of constraints maintains a strict

order within a small subset of constraints; however, these constraints May he

interdigitated with other constraints. It is ooly the rank ordering of the hannonically

ranked constraints with resPeCt to one another that is universally invariant.. Thus, the

notion of hannonic ranking provides a way for (at least some of) the "dependencies"

between features~ captured structurally in Feature Geometry, to he derived using

constraint ranking in OT.

Let us now eonsider whether the LI phoneme acquisition data reported in

Chapter 2 cao he accounted for under the assumption that the inherent relations hetween

features cao he derived by the fixed rankings of constraints. The first aspect of the LI

data tbat must he explained is the fact that the acquisition of phonemie contrasts is

2 Compare this position with Feature Geometry theory in which the presence of a dependent,. in
this example [anterior], forces the presence ofthat feature's superordinate feature. here [Coronal].
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graduai; young children begin unable to distinguish segments phonologically (i.e., in

their grammars) and then one byone phonemic contrasts are acquired. Sïnce it is the

ranking of PARSE F » ·F that entails that that feature contributes to defining the

inventory ofa language, then we must assume that acquisition of phonemic eontrasts in

OT would involve rank ordering PARSE F over ·F. Recall that in OT, aIl languages

contain ail constraints. Thus, Universal Grammar is believed to contain the full set of

constraints; the child's acquisition task is to detennine the correct rank- ordering of

those constraints for the target language. In this view, UG (the default ranking of

constraints) is itselfaltefe<L on the basis of positive evidence, ioto the target language.

If we assume, along the Hnes of Gnanadesikan (1995), that the default ranking of

constraints given by UG is *F » PARSE F, then when the child detects that a given

feature is used contrastively (Le., distinguishes phonemes) in the ambient language,

PARSE F will he re-ranked over ·F.3 Therefore, from this brief exarnination, it appears

that the graduaJ acquisition ofphonemie contrasts on the basis of positive evidence cao

he explained with OT.

A pltentially more difficult aspect of the LI data ta explain in terms of OT

constraint rankings is the unifonn order of acquisition across English child.ren, as weil

as the specifie order ofacquisition within each ehild. Yet, here too, OT MaY he able to

account for the developmental faets. By assuming that the PARSE constraints for

various features are harmonically ranked with respect to one another (and the

corresponding ·Structure constraints are also harmonically ranked with respect to one

another), we can ensure that the order in which the different features are introduced ioto

a language (Le., aclded to the list of features that defines the phoneme inventory) is

restricted. The promotion of a PARSE constraint low in the fixed ranking wouid entai!

the concomitant promotion of those hannonically-ranked PARSE constraints above iL

For example, if we assume on leamability grolUlds that faithfulness constraints are

3 Note that since the ranking of PARSE F over eF indic:ates a contrast in the grammr, the opposite
default ranking. PARSE F».F, wouJd entail that children from the heginning would phonologicaJly
distinguish ail segments. We know this to be false, however. from Chapter l. Funhennore. this defauJt
ranking would require negative evidence ofsorne sort to re-rank (e.g., the child wouId have to be aware
oflack ofa contrast in the ambient language), either to promote·F or to demole PARSE F.
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initially more highly ranked than the ·Strueture contrasts, then the fixed ranking of

PARSE[Labial] » PARSE[Dorsal] » PARSE[Coronal] would Mean that the feature

[Labial] could he independently "added" ta the phoneme inventory (as we indeed round

in the acquisition data), while the acquistion (Le., promotion) of [Dorsal] would entail

acquisition of [Labial], and the acquistion of (Coronal] would entail the acquisition of

both (Labial] and [Dorsal].4

The variability that we observed between the acquisition of sonoraney and place

features could a1so he captured in terms of harmonie ranking: while the features

defining sonorancy (e.g., [nasal], [approximant], etc.) and the place of articulation

features (e.g., [CoronaI], [anterior], [retroflex], [labial], ete.) eould have a fixed rank

ordering amongst themselves, there would he no fixed order between the two groups of

constraints with respect to one another. Hence, the promotion of PARSE F constraints

could take place within each hannonic ranking independendy.

It is clear that the harmonie ranking of constraints is absolutely crucial in order

to account for the LI phoneme acquisition data. Without a fixed ranking, children could

freely promote any PARSE F constraint over any other, thereby introducing features to

their inventories in an unconstrained fashion; in this scenario, we would expeet to fmd

no unifonnity, nor any particular arder, in the acquisition of phonemic contrasts across

the leamers ofa gjven language.S We know this to he empirically false. We would a1so

expect no unifonnity across leamers of different languages. On this point, OT and

Feature Geometry theory malee very different predictions: the relations encoded in

Feature Geometry theory are universal; thus similar acquisition orders are predicted for

4 Note that we must also assume that corresponding *Structure constraints are hannonically ranked
in the reverse arder: *[Coronal] » *[Dorsal] » "'[Labial]. This assomption is somewhat intuitive if
we view constraints as markedness statements themselves; that is, if the unmarked status of a feature is
captured in the ranking ofconstraints, then the constraint that prevents its appearance (e.g., "'[Coronal])
should he high relative to "'Structure constraints on the other features, but the constraint that ensures its
appearance (e.g., PARSE[Coronal]) should he reIatively low with respect to the other faithfuiness
constraints.

S On this poin~ one might argue that properties of the input (e.g., frequency of occurrence of
various phonemes) will result in more or Icss unifonn acquisition orders, without need to resort to the
hannonic ranking of featural constraints. These two possible expIanations could he tested with an
examination of acquisition orders cross-linguistically: the "input" hypothesis would prediet no
necessary unifonnity cross-Iinguistically, given variable phoneme frequencies in the inpu~ whereas
hannonic ranking (like Feature Geometry theory) prediets a substantiaJ amount of cross-linguistic
unifonnity in the order ofphoneme acquisition.
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children leaming a given language and cross-Iinguistically. Clearly cross-linguistic data

are required to complete our picture ofphoneme acquisition.

At this point, the~ there appears to he no empirical difference between

harmonie ranking ofconstraints within OT and Feature Geometry theory. Both are able

to account for the graduai acquisition of phonemic contrasts and, assuming that the

constraints governing the occurrence of features MaY he ranked in a universally fixed

order, bath are able to explain the restricted orders that are observed. Thus, the

adoption of DT does oot appear 10 undermine the theory of phoneme acquisition

outlined in this dissertation; however, the acquisition facts do suggest that the harmonie

ranking of featural constraints is required in OTe Thus, as Feature Geometry and

harmonically-ranked OT appear to he little more than notational variants, there is no

c1ear advantage in adopting the position that segments have no intemal structure. [ will

continue, therefore, to assume in the remaining discussion that features are organized

hierarchically within the segment as a principle of UG (Le., as a condition on bath the

INPUT and the OUTPUT). We tum OOW to the theory of underspecification to consider

whether our acquisition and perception data reveal any empirical differences between

the two theories with respect to feature specification.

Underspecification

Another component central to our feature-geometric account of LI and L2 phooeme

acquisition is a theory of underspecificatioo: the assumption that features whicb do not

differentiate segments within an inventory are oot present in the underlying

representatioo ofsegments in that language. While oot a property of Feature Geometry

per se, underspecification bas played a vital role in determining the correct

representation ofindividual segments in a grammar. By underspecifying certain features

in underlying representations, we fonnally capture properties of the phonological

system (e.g., tbat these redundaot features are inert and do not participate in

phonological processes). Differences between languages, tbe~ are detennined by
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examining their under/ying (i.e.~ distinctive) features; the crucial point here is that, in

Feature Geometry theory, cross-language variation in phoneme inventories and

phonological processes (as well as acquisition and non-native speech perceptio~ [

would argue) follow from the underlying representations. Thus, underspecifieation aIso

bas consequences for our theory of how these representations are acquired and how

these representation operate in the perception of speech sounds. The formal distinction

between redundant and non...redundant phonological information predicts that these two

types of features will have differing involvement in the acquisition of segmental

representations and that they will have different psycholinguistic effects once acquired.

The following section oullines how underspecificatioo is derived through

constraint satisfaction in DT, and demonstrates that the means of capturing

underspecification through constraints currently avaiJable within DT run into severa!

logical problems when one tries to account for the observed perception data.

To be~ let us take a brief look at what aspects of LI acquisition and LI

phonological interference a theory of underspecification enable us to explain. The

theory of underspecification, coupled with the universal hierarcby, detennines which

features the child must aequire, or in other words, how far the feature geometry must he

elaborated until the adult geometry is attained. Underspecification aIso plays a crucial

role in our understanding of LI phonological interference: it is ooly by assuming that

certain features are not present in underlying forms (and, bence, oot present in the adult

feature geometry) that we are able to explain why those features do not impinge upon

speecb perception. To take a specifie example, though Japanese and Chïnese both

contain coronaI sounds in their phoneme inventories, the theory of underspecification

entails that the feature [Coronal] will not he utilized in the phonology of Japanese

(because no phonemes are distinguished by this feature, in contrast to Chinese);

therefore [Coronal] will he absent from the Japanese LI grammar and absence of this

feature prevents Japanese speakers fram accurately perceiving L2 sounds which are

distinguished by this feature. Thus, it is ooly by assuming featural underspecification
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tha.t we arrive at a principled theory of interference that explains the differential

perceptuai capabilities ofJapanese and Chïnese speakers.

Let us tum DOW to OTe Recall that one ofthe fundamental lenels ofthis theory is

that constraints are minimally violable. One of the consequences of this premise is that

the effects of constraints are no longer uall or nothing'~; with respect to features, this

means that it is no longer the case that, at any given ulevel'~ of the phonology, the

features of a segment will he underspecified or fully specified. Instead,

underspecification is seen as a property derived from constraint interaction. As a resu1t,

OUTPUTS may show underspecification for some set of segments in sorne subset of

environments (driven by the demands of particular highly ranked constraints). A

consequence of this is that a given feature is longer seen to he "underspecifiedn in the

underlying representation. In fact, demanding underspecification on this '4Ievel'~ of

representation is inconsistent with the OT premise that there are no constraints on

lNPUTS. A feature ~s presence or absence in the optimal OUTPUT candidate is detennined

solely by the pressures of satisfying the most highly..ranked relevant constraint. Thus,

in OT one cannot maintain that Feature F is a1ways active or always inactive in a given

language; what results is a type of "partial" underspecification (see e.g., Itô, Mester &

Padge~ 1995).

Sînce there are no constraints on INPUT forms, the underlying (i.e.~ lNPUT)

fonns no longer serve to contrast languages.6 Regardless ofwhat one assumes to he the

INPUT (e.g., whether it is specified for the feature (Coronal] or not), the appropriate

ranking ofconstraints will obtain the surface facts (e.g., whether (Coronal] is present in

OUTPUT fonns; in other words~ whether the feature is contrastive in the language or

not). One consequence of this is that we cao reasonably assume identical INPUT fonns

for bath Chïnese and Japanese (al least with respect to feature specification). There is,

6 OT researchers are carefuI ta include the following cavcat to the daim that there are no
constraints on INPUTS: "'Inputs may only consist of legitimate phonological materiaL...and ail such
materiaJ must obey cenain basic and universally respccted propcrtics of phonological well-fonnedness.
For example. coronality (use of the tongue tip or blade in an articulaton) cannot he represented as a
feature ofthe lowcr lip in sorne language, eithet underlyingly or on the surface. The hypothesis of 'no
constraints on input forms' is that none of the "iO/able constraints cao be imposed as a requirement of
inputs..." (Pulleyblan~ 1997:78).
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nevertheless, clearly a difference between the knowledge that Japanese and Chïnese

speakers have about their respective phoneme inventories and how that knowledge

constrains their perceptual capabilities. 1 have argued in this dissertation that the

difference in the Japanese and Chïnese speakers' ability to perceive various English

contrasts is a direct result of the undedying featural properties of their grammars.

However, if the INPUT forms cannot distinguish the LI knowledge that bears on each

group' s perception of speech sounds, where in DT cao we locate the relevant

difference?

Languages will he distinguished from one another both by their rankings of

constraints and by the OUTPUT forms that are produced through satisfaction of those

ranked constraints. Thus, there are two tyPes of knowledge that could potentially serve

to distinguish the perceptual abilities of speakers of ditIerent languages: the OUTPUT

fonns and the constraints (and their rankings) that produce those OUTPUTS.

Underspecification would apPear to be a property in OT of both the OUTPUT (Le.,

whether certain features are contained in the optimal OUTPUT) and the constraint

rankings (i.e., arise from the particular ranking that detennines whether that featuIe is

contained in the optimal OUTPUT).

We will first consider the '~derspecification" of features in OUTPUTS ta

determine whether this level of linguistic knowledge (i.e., the surface forms) impinges

on perception: do the OUTPUT fonns in Japanese and Chïnese accurately predict a

difference in the ability to perceive Engllsh contrasts among speakers of these two

languages? The OUTPUTs given in (2) correspond to the INPUT Isi in Japanese and

Chïnese, respectively (only the material that distinguishes these two segments is

included). How these OUTPUTS are obtained through consttaint satisfaction will be

outlined below; the focus here is on the OUTPUTS themselves.
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(2) Japanese Chinese

[s] [s]
Roor ROOf

1 1

PLACE PlACE
1

Coronal

Here we see that the OUTPUT forots do indeed distinguish Japanese and Chïnese.

Hence~ this OUTPUT (i.e.~ surface) level of knowledge (rather than our underlying

farms in Feature Geometry) offers a potential explanation for the observed perception

facts: underthis analysis~ the presence of[Coronal] in the Chinese OUTPUT will permit

accurate perception of coronaI contrasts~ whereas its absence from the Japanese

OUTPUT will inhibit this ability. Il would see~ the~ that underlying distinctions

between languages' feature inventories are oot needed in order to account for the L2

data discussed in this dissenation; underspecification would appear to he a property of

OUTPUTS (i.e.~ in those cases where the satisfaction of constraints prevents featural

rnalerial present in the INPUT from being realized in the optimal OUTPUT) ~ correctly

distinguishing the knowledge different speakers possess about their respective LIs.

Another comparison of OUTPUTS however, this time from English and Thai,

shows that OUTPUTS do not reliably distinguish speakers' knowledge of phonemes

(and the features that distinguish those phonemes). 80th English and Thaï cootain

aspirated voiceless obstnlents in the onset position of a syUable. Although aspiration in

Thaï is contrastive (i.e.~ aspirated and unaspirated stops are distinct phooemes; this

contrast is neutralized in coda position) and oot contrastive in English (aspirated

voiceless obstruents are in complementary distribution with unaspirated voiceless

obstruents), both languages will have aspiration in their OUTPUTS in syllable-initial

position. Two such examples are given in (3); ag~ ooly the relevant material is

included (LAR and asp stand for LARYNGEAL and aspiration, resPeCtive1y).
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(3) Eng/ish (onset)

[Ph]
Roor
~

LAR PLACE
1 !

asp Labial

Thaï (ooset)

[Ph]
ROOT
~

LAR PLACE
1 1

asp Labial

•

•

Keep in mind that since these are OUTPUTS~ they represent what is actually produced;

although English and Thaï differ with respect to whether aspiration is contrastive~ they

both contain aspirated voiceless stops. FoUowing the logic laid out in the previous

paragrap~ if presence (or absence) of a feature in the OlITPUT determines accurate

perception of non-native contrasts tbat differ along that dimensio~ then we would

predict that English and Thaï speakers should accurately peteeive distinctions between

aspirated and unaspirated stops. The fac~ thou~ is that English SPeakers have been

shown to he unable to phonologically discriminate segments that differ only in terms of

aspiration (Curtin, Goad & Pater, to appear).

Thus, the OUTPUTS ofa grammar do not adequately account for cross-language

perception patterns. Despite the fact that segments may he 4>'underspecified" in the

OUTPUTS due to the ranking and interaction of different constraints~ we cannot use this

level of knowledge ta explain the effcct of the LI phonological system (Le.,

grammatical knowledge - which throughout this thesis bas been shawn yield important

insights) on the speech perception system.

The other way in which underspecification is encoded in OT is in the constraints

themselves. This level of knowledge could afso potentially serve to distinguish the

perception abilities of the Japanese and Chînese speakers. Hence, we need to consider

whether the variable ï.mkings of specific constraints that produced the OUTPUTS in

examples (2) and (3) above cao obtain the appropriate cross-language perception

differences; ifthe rank ordering of the constraints themselves cannat adequately encode

the notion ofunderspecification crucial to our account of L2 phoneme acquisition, then

we shall he forced 10 conclude that the move toward eliminating underspecification as a
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constraint on INPUTS is not empirically supponed. What follows is a brief examioation

of the relevant constraints in Japanese, Chinese, English and ThaL

Recall that the relative ranking of PARSE F over *F in a given constraint

hierarchy encodes the fact that the feature F is contrastive in that particuiar language.

Thus, the ranking of PARSE [CoronaI] over ·[Coronal] would yield a language like

Mandarin Chinese in which the feature (Coronal] contributes to defining its phoneme

inventory; the reverse ranking of *[CoronaI] over PARSE [Coronal] would yield a

language like Japanese where Coronal does not serve to distinguish phonemes and is

not active in the phonology. Thus't ~~derspecification" of a given feature (in the

OUTPUT) is obtained by the lower ranking of*F in relation to PARSE F.

The two tableaux below in (4) illustrate the ranking of the relevant faithfulness

and *Structure constraints in Japanese and Chïnese and demonstrate how the

satisfaction of these constraints yields the OUTPUTS given above in (2). Note that for

the sake of this discussion, [ will assume full specification of features in the INPUT;

however, as there are no constraints 00 INPUTS, the optimal OUTPUTS must he obtained

regardIess ofthe degree to which those features are specified in INPUTS; also, the dotted

line betweeo constraints indicates that they are not ranked with respect to each other

(Le., neither dominates the other), while the solid line indicates that the ranking

between the two constraints separated by the line is crucial.

The relative ranking in the Japanese grammar of the constraints

PARSE(retroflex], *retroflex, PARSE [CoronaI], ·[Coronal], reflects the Cact that neither

the feature [Coronal] nor [retroflex] is contrastive in this language.' The INPUT

corresponding 10 the surface form /sa/ may (in theory) he SPeCified for any range of

features, including [ColOnat] and [retroflex]. GEN then generates a set of candidates

that will be evaIuated in aceordance with the constraints; ooly two members ofthat large

set are listed in this example~as they are sufficient to establish the relative ranking ofthe

PARSE and *Structure constraints we are interested in.

, Ofcourse~ this is very small subset of the featural constraints (let alone prosodie constraints) that
will comprise any given grammar. Only those constraints that govem the distribution of [Coronal] and
[retroflex] are discussed hcre.
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(4)

Japallese

/sal
~
Et
1

[cor]

sa
it
~

[cor]

-retro .Cor PARSE PAJtSE
(retro) (Cor) C1I;IIese

lsai
it
i

[cor]

sa

i
1

[carl

PARSE PARSE -retro -Cor
retro) (Cor)

• Japailese -retro -Cor PARSE PARSE Cilï"ese
PoUSE PARSE -retro -Cor

(retro) (Cor) retro) (Cor)

/~ 1'J,a/

k il
Et ~

1 1
[cor] [cor]

1 1
[retro) [retro]

~a la
*! *

~ ~ ~

ka
sa
~

rJt. *! ~ *!
1 1

[cor] [cor)

sa sa

• ~ il
~ *! * ~ ~
1 1

[cor) [cor)

[re~o] [rc~o)

The important point to notice is that the ranking of *Coronal over PARSE (Coronal]

ensures that the features (Coronal] and [retroflex], regardless of whether they are

present in the INPUT, are never maintained in the OUTPUT. Thus, not only does this

constraint ranking capture the fact that there is no contrast within the class of coronals

(e.g., Cs] vs. [$]), it also entails that (Coronal] plays no role in the phonology of

Japanese; it could potentially also explain why [Coronal] does not play a role in speech

perception.
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Looking at the tableau for Chinese, wc see the opposite ranking: PARSE

[CoronaI] is ranked higher than ·Coronal, and PARSE (retrotlex) is ranked higher than

·retroflex. This ranking ensures tbat whenever these two features are part of the INPUT

they will be maintained in the OUTPUT. Although we assumed the same lNPUTS for

Japanese and Chinese, only the Chînese grammar produced a surface contrast between

coronai fricatives. Thus, once again we find a difIerence in the grammar of the Chïnese

and Japanese speakers, this time in the relative ranking of PARSE [Coronal] and

·CoronaI: the Chînese grammar's ranking is PARSE [CoronaI] » ·Coronal, while the

ranking in the Japanese grammar is ·Corona! » PARSE [CoronaI]. We might

hypothesize, therefore, that the underspecification which is a consequence of constraint

rankings is responsible for the differential psycholinguistic effects we have measured.

Examination ofthe English and Thaï rank orderings of the pertinent constraints

confirms this hypothesis. Recall that in English, aspiration is allophonic, whereas it is

contrastive in anset position in Thaï. This difference between languages that use a

feature contrastively (even if that feature is neuttalized in sorne contexts) and those in

which the feature surfaces in sorne contexts but does not define phonemes, bas been

analyzed by Pulleyblank (1997) as resulting from the interaction between PARSE F, ·F,

and a third constraint that forces the occurrence of that feature in certain circumstances

whether or not the feature contributes ta defining the inventory. For this discussion, the

relevant third constraint is Uonscl[voiceless/aspirated", captures the faet that cross

linguistically voiceless stops are often realized with delayed voice onset time in onsets;

tbis constraint is presumed to have phonetic motivatio~ for example, that voicing

contrasts in stops are enhanced by aspiration of one rnember of the conttast.8 . The

interaction ofthese three constraints is shown in English and Thaï is illustrated in (5).9

8 The complementary distribution of aspiration in EngJis~ and the neutralization of laryngeal
contrasts in Thai in the coda position of a syllable, will be obtaincd by an additional constraint (e.g.,
Contrastive Coda. Pulleyblank, 1997) which will force the 1055 ofconttasts in coda position. Since the
interaction ofthis additional constraint does not affect the argument here, it is omittcd ftom the tableau
and our discussion.

9 Whether or not Iti has a fcatute such as [-voice] in the input does not affect my argumenL
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(5)

Englisll Vllasp ·asp PAItSE Thil; PAItSE ·asp VUasp
[onset] (asp) (asp)

lœI Ital
ta ta

rA *! A
tlla tlla

llJ=" rA A
J 1[aspl [asp]

Itba! Itba/
ta ta

• rA *! A .!

tlla tlta

~ rA U" {\
1 1[aspI [asp]

latb/lO

at

~ rA •
ath

rA *!

rak,]

• The ranking of-asp over PARSE (asp) captures the fact that aspiration is not contrastive

in English (i.e., the constraints never derive a surface distinction between voiceless

aspirated stops and voiceless unaspirated stops in the same syllabic position); the

ranking of VI/asp over *asp entails that, although aspiration is not contrastive, it will

appear in the OUTPUT in weU-defined contexts. Witb. respect to PARSE F and -F,

English resembles Japanese, in that ·F is ranked higher than PARSE F .

Thaï, on the other hand, resembles Chïnese in its relative ranking of the relevant

faithfulness and -Structure constraints, as PARSE (asp) is ranked above -asp. This

10 This lNPUf bas been included in arder ta detennine the relative ranking of·asp and PARSE(asp);
to do titis required an example that would have aspiration in the lNPUf that did not appear in the
OlJIllUT (i.e.• not in onset position). This example is not included in the tableau for Thaï. however, as
the fust two examples are sufficient to rank the relevant constraints.
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ranking introduces a surface contrast between segments like [Pl and [ph], as illustrated

in the tableau. Note that the low ranking of Wasp with respect 10 PARSE (asp), in

contrast 10 Englis~ eosmes that 80y aspiration not present in the lNPUT, but introduced

by GEN, will not he present in the optimal OUTPUT.

Recall the hypothesis suggested by the comparison ofthe Japanese and Chinese

constraint rankings: the ranking ofPARSE F over ·F in a speaker's grammar permits

him or her ta perceive distinctions along the dimension defined by tbat feature (the case

of the Chïnese speakers); or. conversely, the ranking of *F over PARSE F prevents a

speaker from detecting contrasts that are defined by that feature (the case of the

Japanese speakers). Sînce PARSE (asp) is more highly ranked than *asp in the grammar

of Thai speakers, onder the constraint analysis, we would predict that Thai speakers

would accurately perceive aspiration contrasts in an L2; in contrast, English speakers,

with *asp ranked above PARSE (asp), should he unable 10 phonologically discriminate

aspirated and unaspirated stops in an L2. This prediction is indeed borne out by

experimental data. Thus, it appears that one can correctIy account for cross-language

perception and acquisition differences by encod.ing underspecification of features

directIy in the constraints; this suggests that the acquisition data support the recent move

toward eliminating underspecification as a constraint on INPUTS.

However, ifwe look closely at the implications that this position makes for the

development ofperception abilities and phonological categories by children, as weIl as

for the perception and acquisition of non-native contrasts, we will see that there are

serious logical problems with the constraint hypotbesis; moreover, these problems are

not easily surmowltable within OT, unless we assume that underspecification is a

property ofunderlying (i.e., INPUT) fonns. We will consider each ranking in tum.

It rnakes no difference whether we posit that the ranking PARSE F » *F in the

adult grammar permits accurate perception ofa contrast distinguished by that feature or

that ranking *F» PARSE F inhibits accurate perception; bath encounter serious logical

and empirical problems when we examine how such a situation might originale. Since

PARSE F over ·F enables perception and infants are able to hear the vast range of
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phonetic contrasts employed across the world's languages7 we might hypothesize that

PARSE F » *F is the default ranking of these constraints in DG. However, this

assumption encounters two serious problems. Recall that it is also this ranking of

constraints that designates the contrastive use of that feature in the phonology. Hence,

this position would predict that children would phonologically distinguish ail of the

ambient language's segments from the very beginning We know from the acquisition

data reported in Chapter 2, thou~ that this is false; children gradually acquire the

ability to phonologieally differentiate segments in their grammar.

Moreover, the default ranking OfPARSE F over ·F would make it very difficult

(ifnot impossible) to arrive at the appropriate phonemic inventory; no language makes

use of ail the possible phonemic contrasts7 50 the specifie inventory derived from the

constraint rankings would have to he reduced. This reduction would require the

deteetion ofthe lack ofcontrastive use ofa given feature in order to demote the pertinent

PARSE F to obtain the ·F » PARSE F ranking. ft is fairly certain that children are not

sensitive to the type of negative evidence that would be required to recover from a

default setting OfPARSE F over *F.

Let us then postulate that ·F over PARSE F is the default ranking. This ranking

would sidestep the negative evidenee problem mentioned above (see e.g.,

Gnanades~ 1995); however, il too suffers from serious problems. Sïnce we have

hypothesized that ·F ranked over PARSE F prevents accurate perception of non-native

contrasts (e.g., the case of the Japanese speakers), the ·F» PARSE F ranking should

prevent infants from perceiving any contrasts in the input, which we know, of course,

to he wrong. Moreover, if the ·F » PARSE F ranking imPe<ies perceptio~ and this

were the default, then children would never he able to detect a contrast in the input, in

order to promote PARSE F and, thereby, introduce a phonemic contrast ioto their

grammar. Thus, this default ranking also eneounters several logical problems and is

simply Dot consistent with the empirical data we have.

[t might he instructive ta step back for a moment to consider exactly why both

fonnulations of the "constraint" hypothesis suifer from logical inadequacies and fail to
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account for the developmental data. ln the adult speaker, the perception faets and

phonemic contrasts in the inventory go band in band: bath can he explained by a single

ranking OfPARSE F over *f. However, these two abilities do not converge in infants

or young children and cannot, therefore, he captured by a single constraint raoking;

they are able to perceive auditorily far more contrasts (i.e., PARSE F over *F) than they

are able to differentiate phonologically (Le., *F over PARSE F).

Given this situatio~ the position we would like to take is that perception

abilities are initially independent <Jf any linguistic knowledge, but that as the LI

grammar is acquired it impinges upon speech perception in such a way that utimately

(i.e., in the mature speaker) there is a convergence of perceptual and phonological

abilities. This position is not problematic for Feature Geometry theory, as 1 bave

demonstrated throughout this thesis. However, it is a significant problem for OT, given

its conception ofUG's relation to LI grammar.

In Feature Geometry theory we are able to postulate that structure is transmitted

from UG to the emerging grammar, providing for a period (prior to the acquisition of

phonological structure) in which speech perception is not encumbered by the grammar,

and also allowing for the possibility that phonological knowledge may impinge on the

speech perception syste~ once acquired. In OT, however, UG is the grammar; there is

no transmission of infonnation from UG to the developing grammar; thus, there is no

potential time perïod in which properties ofUG might exist in the mind but have not yet

been set within the individual learner's grammar. Thus, if we want to maintain (as

indeed 1 do) that the perceptual system is ultimately deLimited by properties of the

grammar, then within OT, it must he seen as exerting this force from the very stan.. We

have seen the logical and empirical problems this position encounters above.

There is one more alternative that we might consider in order to maintain that

adult perceptual abilities are detennined by constraint rankings. According to this

positiolly the constraints in UG would initially he \Ul1ëU1ked with respect to each other.

Thus, • F and PARSE F would both exist in the grammar but neither would outtank. the

ather. At this stage (the default), perception ofail contrasts would he possible, since the
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ranking preventing perception (i.e., ·F » PARSE F) will not have been established;

furthermore, we would not expect phonemes to he distinguished al this early stage

because the ranking designating the contrastive use ofa feature (Le., PARSE F »·F)

will also not have been established yet.

This hypothesis, of initially unranked constraints, appears to he consistent with

the infant perception and LI phoneme acquisition data; however, it runs askew when it

cornes to accounting for the adult perceptual abilities. Recall what sort of evidence it is

that triggers acquisition of a phonemic contrast: deteetion of that contrast in the input.

Thus, the introduction ofa contrast entails ordering PARSE F over ·F when a contrast

is detected; this is the case of the Chînese speakers. However, if a contrast is not

detec~ then nothing will occur and the constraints should remain unranked with

respect to one another; this would he the case ofthe Japanese speakers. There would he

no evidence for them to set the ranking of constraints to ·F over PARSE f, the

constraint ranking we saw in the tableaux that the Japanese phonology requires.

Moreover, if the constraÎnts remained unranked with respect to one another, this would

predict that the Japanese adults (like the Japanese infants) should he able to perceive the

Il-r! contrast. In addition, this position would prediet that those unranked constraints

would eventually he set given the appropriate L2 input (i.e., presence of a contrast).

Therefore, this alternative, though an adequate account of the developmentaI facts is not

viable explanation for the cross-language differences in adult speech perception.

A.3 Conclusions

This short examination OT and discussion ofthe implications ofthis theory for first and

second language phoneme acquisition have shown that the acquisition and perception

findings presented in this dissertation cannot he readily accounted for within the DT

framework.

We examined two consequences of the DT premises, in particular: the de

emphasis of segment-internai stnlcture and the move away from viewing
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underspecification as a property of underlying forms. 80th of these notions were

central to the theories of phoneme acquisition and LI phonological interference

developed in this dissenation. It is quite clear that the knowledge that child.ren acquire

about phonemes is hierarcbical in nature and that the bierarchical nature of feature

organization (as weU as the underspecification of certain features) is retlected in the

speech perception system of mature speakers. Thus, any account of these two

phenomena must explain why child.ren acquire segments in a uniform order that

respects certain relations between features, and why the features that do not contribute

to distinguishing contrasts in a given language also do not impinge on the speech

perception system of those speakers.

Il cao he concluded from the discussion that in order to capture the unifonnity

across children's acquisition of phonemes, and the specific order in which phonemes

areacq~ in OT, harmonic rankings between various features must he introduced to

the framework. However, if inherent relations between features must he captured with

invariant rankings, then il is not entirely clear that this is empirically superior (or at ail

different, in fact) from encoding dependencies between features in Feature Geometry

theory.

FinaUy, the current means of deriving the underspecificaton of certain features,

through the ranking of violable constraints, cannot adequately account for cross

language differences in the perception ofnon-native segmental contrasts. The constraint

hypothesis we investigated above runs ioto serious logical problems when one

considers how this influence of the grammar on speech PerCeption might arise. Thus,

when one brings acquisition and speech perception data to bear on the issues of

underlying feature organization and underspecification, we are compeUed to conclude

that the recent move in OT toward de-emphasizing the internaI structure of segments

and the removal of underspecification of features from underlying representations is

premature. The first and second language acquisition data presented in this dissertation

receive a more satisfactory explanation under the assumptions ofFeature Geometry.

-296-


