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Testing an ExemplaBased Model of Contrast and Allophony against
Evidence from Second Language Acquisition

This paper presents a concrete representation of the relationships
contrastandallophonyin an exemplabased model of phonology:
contrast is remsented as few shared links between categories,
while allophony is represented as many shared links between
categories. Additionally, the predictions of such a model for
second language acquisition are tested, and it is shown that both
nonnative contrastsand nonnative allophonies are learnable.
Finally, the exemplabased model of phonological acquisition is
compared to other current models of n@tive speech perception
and second language acquisition, and shown to incorporate many
of the insights of wch models while integrating them into a more
comprehensive view of phonological theory.

1. Introduction

In recent years, a growing number of linguists have been drawn to the idea of an exemplar
based model of phonology, either instead of or in conjumatith more traditional ruleand
constrairtbased models (see, e.g., Bybee 2001, 2002; Pierrehumbert 2001, 2006; Hayes 2004,
Wedel 2004; Johnson 2005, 2006; Yu 2007). Exemplar models are characterised by the storage
of individual utterances in a mentakieon; grammar is emergent as generalisations over all
stored items. Although exemplar models have shown promising results in the domain of speech
processing and in terms of accounting for language usersO awarenesgjmaiirfate phonetic
detail, there haso far been a lack of formal explanation of how exert@aedohonologyis to
be done. One exception to this is in the area of diachronic phonology; Bybee (2001, 2002),
Pierrehumbert (2001), and Wedel (2006) have developed exebg@dad models of sound
change, in which phonological categories change incrementally with the addition of new and
different exemplars to the system. Another exception is Yu (2007), who gives an explicit account
of the phenomenon of near merger within an exerpdaed model, usy Cantonese tonal near
merger as a jumpingff point.

One of the most basic issues that any model of phonology must address, however, is how to
represent paradigmatic phonological relationships between segments; that is, how to represent
the notionscontrastandallophony This paper focuses on how contrast and allophony could be
expressed in an exemplaased model of phonology, and tests some of the predictions of such a
model with reference to second language (L2) acquisition.

In an exemplabased rmodel, phonological categories areepresented as probability
distributions over a mental phonetic acoustic/auditory.nfdqge map stores information about
every utterance that is heard, and categories emerge as multiple exemplars that are phonetically
similar are added to roughly the same location on the map. In English, for example, there would
be a large pile of exemplars at the coordinates for each of the various segments that occur: for
example, at the coordinates for a voiced alveolar stop [d], abtrdinates for a voiced alveolar

flap '], and at the coordinates for a voiced interdental fricative [!], among many othetss
paper, | show that phonological relationships like contrast and allophony are derived in an
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exemplarbased model through ated links among these categories: contrast is associated with a
small number of shared links, while allophony is associated with a large number of shared links
between categories. One goal of this paper is to more fully explairtthiewotion of shared
linkage among categories should be understood, thus laying a foundation for further research on
how exemplabased models of phonology can be put to practical use.

One area in which the concepts of contrast and allophony have played an important role is
second language acquisitioh.is well established that pairs of sounds that are contrastive in a
target second language but not contrastive in the native language are particularly difficult for L2
learners to acquire (see, e.g., Abramson & Lisker 1976 G@/1, Beddor & Strange 1982). It
has also been shown, however, that language learners can acquire an L2 contrast even when it is
initially not discriminable (e.g., Pisoret al. 1994; Flegeet al. 1995, and that nomative
contrasts that are perceivas similar to native contrasts are easily discriminable (e.g.eBakt
1988; Bestet al. 2001) While there are several extant models of-native speech perception
(e.g., BestOs Perceptual Assimilation Model; see Best 1994, 1995) and second language
acquisition (e.g., FlegeOs Speech Learning Model; see Flege 1995), these models have not been
integrated with a more complete model of phonology. As such, they do not make clear
predictions for how the acquisition of both contrastive and allophonic meaijms will be
acquired, and indeed, there has been very little empirical investigation of how pairs of sounds
that are allophonic in a second language but contrastive in the first language are acquired by L2
learners. As | show in this paper, an exemplsed model of contrast and allophony not only
captures many of the insights of both BestOs and FlegeOs models, but also makes concrete
predictions about the acquisition of phonological relationsi8pecifically, an exemplarased
model predicts thaboth nonnative contrastive and narative allophonic relationships can be
acquired during the course of second language acquisition. It will be shown that, in accord with
the predictions of an exemplbased model, learners of a second language gradualynbec
more aware of the differences between L2 contrastive segments and more aware of the
similarities between L2 allophonic segments, as their experience in the L2 increases.

The paper is structured as follows. ©2 outlines the traditional definitionsntfasb and
allophony and then describes an exempksed model, giving an explicit account of how
contrast and allophony should be represented in such a model. @3 then considers the predictions
of the model for the acquisition of contrastive and allophogliationships in a second language.
a4 and o5 present the results of two perception experiments that examine these predictions, and
a6 discusses the results of these experiments, comparing an exeasgldrapproach to current
theories of nomative speeh perception and second language acquisition. a7 presents
conclusions.

2. Contrast and Allophony in an ExempBased Model

2.1 Defining contrast and allophony

In the phonological literature, a standard assumption is that there are two paradigmatic
relationships between phonological segments: contrast and allophony (see, e.g., Steriade 2007).
Two segments are generally assumed to be contrastive if and only if their distribution in the
lexicon of a language is not predictable; that isni&i least onehmnological context, it is not
possible to predict which of two segments will occur, those two segments are contrastive.
Allophony is defined as the opposite of contrast: two segments are phonologically allophonic if
and only if their distribution is predi&ble. That is, if imall phonological contexts, it is possible

to predict which of two segments will occur, those two segments are allophones of each other.
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For example, in American English, the sounds [d] ahldafe considered contrastive
because theidistribution is not predictable (e.g., there are minimal pairs sudowgh[do"]

versusthough[! 0"]). The sounds [d] and]| on the other hand, are considered allophonic in

American English because their distribution is predictaldleagcurs intervoalically after a
stressed syllable; [d] occurs elsewhere). Visually, we can represent this traditional understanding
of the relationships between [d]],[and [ ] as inFigure 1. Contrastive segments belong to
separate categorig€sepresented by circles); allophonic segments belong to the same category.
Members of a category are written in square brackets ([,the name of the category is
written in slashes (/d/! ).

Figure 1: American English [d], [!], and [' ]: [d] and [!] are predictably distributed, belong
to the same category, and are allophonic; [d] and [ are not predictably distributed, belong
to separate categories, and are contrastive.

2.2 Exemplatbased models

As mentioned in algrammar in an exempkrased model is the result of generalizations over

all stored utterances in the mental lexicon (see, e.g., Goldinger 1997, Johnson 1997, 2005,
Pierrehumbert 2001, 2003a, 2003b). There are in fact numerous instantiations of this basic
model, but the core of most exemplar theories of spoken language phonology is that there is a
multidimensional mental acoustic map of the phonetic spatat individual utterances
(exemplars) are assigned to appropriate locations on that map, andatmaay begins to
emerge when there is a large statistical group of exemplars on the map that can be identified as a
category by being linked to one or more groups of exemplars at other levels of representation
(e.g., to a common semantic or morphologicaiaept).

Evidence for exemplar models comes from many areas; perhaps most notable are studies
that show that lexical representations are much more detailed than has often been assumed and
studies that show that frequency information plays a role in lgegpeocessing. For example,
Goldinger (1996, 2000) provided evidence that talifcific characteristics of heard utterances
are stored and made use of in later repetition and recognition of the same utterances. If individual
utterances are not storedthme lexicon, but rather each utterance is interpreted in only a more
abstract form, such results are extremely difficult to explain, because -sphk@fic
characteristics would be normalised and would not be available for later recognition tasks.
Similady, most traditional models of phonological processing do not have a place to store
information about the frequency with which particular sounds, words, or phrases are
encountered, yet such information has been shown to play a role in accounting foomeahuott

! Note that although most exemplamsed models in the literature assume an acoustic map, the basic model is
certainly compatible with an articulatebased map, where each exemplar is interpreted and stored as a set of
articulatory gestures; and indeed, the model is even compatible with a combination of the two. For simplicity, an
acoustic map will be assumed here.
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other types of sound change (e.g. Bybee (Hooper) 1976, 1988, 2000, 2002; Jurafsky, Bell,
Gregory, & Raymond 2001; Raymond, Dautricourt, & Hume 2006).

Thus, exemplabased models have proved useful for speech perception and language
processing, buit is as yet unclear exactly how the basic phonological concepts of contrast and
allophony are to be treated in such models.

2.3 Contrast and allophony in an exemjilased model

In order to answer the question posed above, how contrast and alloplony be
represented in an exemplaased model of phonology, we must first understand how categories
are represented; only then can we understand the relatioashgrgjcategories. As mentioned
above, in an exempldrased modelphonological categoriesaprobability distributions over a
mental phonetic mapindividual phones such as [d]],[and ] in English @xis©Obecause
speakers of English have stored exemplars of these phones in their minds, forming three distinct
(QilesDon the exemplar mag-ollowing Johnson (2005) and Boomershigteal. (in press), |
assume that phonological relationships between cateljdres contrast and allophoNyare
related to the idea of shared connections between these categories, as will be described in the
following paragraphs, rather than through abstract category membership as used in traditional
models (se€&igurelin ©2.1).

First, consider how a single segmental category would be represented in an ekasygdar
model. An example of theategory [d] is illustrated ifigure2.
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adopt

<ADOPT>
ride

adopt’

dough’

LEGEND
<> Segmental category
O Lexical category
A Semantic category
E Orthographic category

—— Link between categories

Figure 2: An example of a segmental category, [d], and some of the other categories it is
linked to in an exemplarbased model

In this figure, the segmentaltegory [d] is represented as an IPA symbol in a diamond. This
should be interpreted as a label given to the set of exemplars instantiating the category [d] in the
mental lexicon; that is, to the entire set of stored tokens of [d]. These exemplars afethgart
lexicon because they are parts of individual lexical items that have been encountered by the
hearer; an example of such a lexical item is the wiole which is represented in italics in an
oval. This lexical category, too, should be interpreted &sbel assigned to a set of exemplars
instantiating the category; i.e., to the entire set of stored tokens of theicerd

Each lexical item is linked to each of its individual segments (though not all of these links
are shown irFigure2; for example, the link between the lexical categuag and the segmental
category T[] is not illustrated). These lexical categories are also linked to their semantic

interpretation (in triangles) and their orthographic representation (@lgdagrams), as well as
to other categories not illustrated here (e.g., speaker categories such as age, emotion, sex, etc.;
syntactic categories such as part of speech, combinatorial properties, etc.; pragmatic categories
such as appropriateness of usa igiven situation; etc.).

As suggested ifrigure 2, the pile of [d] exemplars in English is linked to lexical categories
like ride, dough adopt etc., because each of these words contains one of the exemplars from
that pile. Qinked tdOmeans that one pile (in this case [d]) has something in common with
another pile (in this case, a word likée)N here, because the waride contains an exemplar of
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the segment [d]. The womible, in turn, would be linked to its complete phoaetpresentation
([#$%)4 each of its individual segments}([[$%b [d]), its semantic representation (rigeand its
orthography (<RIDE>). This linkage is transitive; because [d] is linkedtiéoandride is linked
to ridée, for example, [d] is, byransitivity, linked to ridé

Each segmental category in a language has a representation similar to that illustrated in

Figure 2 for [d]. The relations among phonological categories are encoded in terms of the
number of links beveen categories.

LEGEND
<> Segmental category
O Lexical category
A Semantic category

E Orthographic category

——— Link between categories

Figure 3: An example of an allophonic relationship (between [d] and]) in an exemplar
based model

Consider an allophonic relationship such as that between [d] Jad jllustrated irFigure
3. Two segmental categories are representédgure 3: [d] and []. The repreentation of [d] is
similar to its representation Figure2 (though two of the lexical items have been removed for
simplicity), and the representation of [s analogous: it is linked to lexical items (e.gder),
which in tun are linked to their semantic and orthographic representations. Crucial here,
however, is the fact that many of the links to [d] and!'iooYerlap: that is, both are (at least

indirectly) linked to the semantic category fidad the orthographic categoxRID->, and thus
to each other. Note that this overlap will occur over many different lexical items in American

EnglistN for example,feed contains [d] andeedingcontains [], but they share many other
phonetic, semantic, and orthographic charactesisis danod andnodding bud and budding
and many other pairs of words. Of course, not all words containing [d] are link&d(éog],
doughor adop), and not all words containingd] [are linked to [d] (e.g.writer or water. The
point here, thoughis that there are in fact many links between [d] afdthis substantial
overlap of links between categories is how allophony is encoded in an exéagdar model. In

a more traditional analysis, of course, [d] aHdafe indeed considered to be allopks of one
another; they occur in complementary environments ([d] occurs-iihi@ly, word-finally, and
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word-medially before a stressed syllablg;dccurs wordmedially after a stressed syllable) and
are therefore predictably distributed.
It should be noted that in Johnson (2005), allophony is described as OtagtivationO
between categories, rather than as Omany shared links.O This terminology relies on the accessing
of the system during the course of language use: a category is Oactivated@svetneessed
through production or perception. When [d] is activated, for example, all of the categories it is

linked to (including []) will also be activated; because there are a large number of links between
[d] and ], they will have a OhighQautivation level. Note, however, that it is not the activation

per se that is crucial for the expression of the phonological relatiorishifact that [d] and! |

share a large number of links means that they are allophonic, regardless of whether the system is
activated at all.

LEGEND

<> Segmental category
O Lexical category

A Semantic category

E Orthographic category

—— Link between categories

Figure 4: An example of a contrastive relationship (between [d] and [) in an exemplar
based model

Consider next how the relationship of contrast is expressed in an exéragtal model. An
example is given inFigure 4. Once again, the segmental categories are linked to lexical
categories, which are in tutinked to semantic, orthographic, etc., categories. In the case of [d]
and [ ] in American English, however, there are few shared links between the two categories.

Undoubtedly there are soifdidor example writhe andride are each linked to the segmerfs [

and B% and the syntactic category Overb,O etc., so there are some indirect links between their

other segments as wilbut these links are largely limited to coincidence and will not be
repeated across large numbers of words that contain [¢].oFHis lack of shared links (which
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of course means that, when the system is activated, there will be a low levehaifvation
between [d] and![]) is how contrast is represented in an exerapésed model.
Note that OallophonyO and OcontrastiveneseCexengplar model are not tied to the

concepts of category memberdHifor example, it is not the case that [d] atidwould be put

into the same mental category once links between them have been estéblisstedd,
allophony and contrast are essentially two endpoints on aNsadtle Ofew linksO at one end of

the scale and Omany linksO at the fothigh no predeternined Onumber® of shared links
necessary to be considered contrastive versus allophonic. That is, in an exeasgthmodel,

the notion of contrast is a gradient one rather than a categoricaDbromurse, traditional
accounts of phonological relationphi do not allow for a scalar calculation of contrast and
allophony: the two are categorically distinct. If, however, exerpdaed models of grammar

are to be adopted more generally, then it must be acknowledged that this is a way in which
contrast and &phony can be represented, and further investigation must be made into whether
such a scalar view is indeed appropriate. Some preliminary work in this area indicates that
phonological relationships between segments do need to be more nuanced thartitraltrad
categorical divide between contrast and allophony. For example, Goldsmith (1995) advocates for
a Ocline® of contrast with at least five different levels of contrastiveness, and Ladd (2006)
describes a number of cases in which segments seem tat @pistial similarity® or Oquasi
contrast.O While these preliminary findings certainly need to be more thoroughly investigated,
such further investigation may be usefully guided by a model of phonology in which such
gradient relationships are in fact pictdd to occur A complete picture showing a schematic
view of both allophony and contrast in an exemplased model is shown Figureb.

2 Note, however, that it would be pdsde to develop an exempléased model of phonology that also involves

top-down decisiormaking about category membership.
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Few links between /d/
and /0/: “Contrast”

Many links between

/d/ and /c/:
“Allophony”
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<> Segmental category
Q Lexical category

/ N\ Semantic category

i Orthographic category

——— Link between categories

Figure 5: A schematic view of an exemplabased model of the phoological relationships
among [d], ], and [! ] in American English.

Note, too, that this model of contrast and allophony relidg on the number of shared links,
and not, for example on the notion of complementary distribution. Thus the fact thalishEn
[h] and [§] are in complementary distribution will not cause them to be classified as OallophonicO
in this model: they simply do not share many links and so will be considered contrastive, in
accord with the intuitions of phonologists, who have gjledto explain the apparent paradox of
[h] and [§] as both complementary and contrastive (e.g., Janda 1999).

Similarly, the fact that [p] andpf] are in the same complementary distribution as [p] and
[kh], and yet the two are assigned different phogickl relationships ([p] andn'ﬂ are allophonic
while [p] and k"] are contrastive insofar as they are allophones of different phonemes), is not
problematic in this model. Complementarity of distribution simply is not crucial to determining
relationships;shared linkage is. [p] andk"l], like [d] and | ], share only coincidental phonetic
relationships because of membership in similar lexical items $payrowandKaro, orride and
writhe). Thus, [p] andK"] are appropriately labelled as contrastive.

Interestingly, however, the model also predicts that [p] aﬁ]j i English will fall

somewherebetweenclearly contrastive relationships like [d] and pr [h] and & on the one

hand, and clearly allophonic relationships like [d] ahddn the other. Tis intermediate

relationship is the consequence of the fact that [p] aP]ddb not enter into any allophonic
alternations with each other; words likgque and speak are related to each other only
phonetically, but not through semantic or morphologiekdtionships. Compared to pairs like [d]

and [], then, [p] and "] will have fewer shared links. At the same time, however, they are also
not clearly contrastive: they do in fact have another stored category in cdhmaorely,
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orthography. The sounds [p] anf][are often spelled using the same elater, <p>, thus giving

them a large number of shared links through orthographic categories. These links will place them
somewhere above the level of contrastiveness of [d] &hdwhich share only phonetic
similarities.

3. Consequences of an exemgased model for second language acquisition

3.1 Learning contrast and allophony

One of the advantages of exemgbased models in general is that they present a dynamic
representation of the grammar: that is, in addition to portraying the way a speakeofigyphon
might look at a given point in time, exemplasased models also provide a concrete way of
showing how the phonology changes over time with the addition of new information in the form
of exemplars. This is one of the reasons that so much work hasdibeenn the domain of
exemplarbased models of sound change (e.g., Bybee 2001, 2002; Pierrehumbert 2001; Wedel
2006; Yu 2007). Another domain in which this dynamic nature is particularly useful, however, is
that of language acquisition, in which a learisdouilding a first or second language through the
accumulation of new exemplars. The rest of this paper will consider how an exbag@dr
representation of contrast and allophony, as described in @2, can inform an understanding of how
both of these rationships might be acquired during the course of second language acquisition.
Although there are of course many elements that need to be mastered during the course of L2
acquisition, the focus here will be on perception, as there are several existing ofoaen

native speech perception that can serve as a useful comparison to an ekasguapproach.

Only a subset of the possible phonological differences between two languages will be
considered here. Specifically, the focus will be on segmentsatkeatllophonic in the first
language but contrastive in the second, and on segments that are contrastive in the first language
but allophonic in the second. That is, cases where one or both of a pair of L2 segments are
simply noroccurring in the first laguage (e.g., English speakers learning the Spanisi /d/

contrast, odapanese speakers learning the Englisl fontrast)will not be addressed here.

It should be noted that, in an exemgbased model, there is @mopriorireason to think that
exemplars from different languages would be stored in different mental lexicons. Instead, all
exemplars enter into the system and are stored at the appropriate locations on the mental map,
regardless of the language they were uttered in. While each exemiglar have a label
associated with it identifying the language it was uttered in, they can be stored in a single unified
space. Thus, the first and second languages a speaker learns are able to interact with each other;
there can be bidirectional effectt @ach language on the other. This unitary language space is
consistent with, for example, the findings of Flege (1987), Grosjean (1989), Bohn and Flege
(1992), Cook (2003), and Flegs al. (2003). These studies showed that there are in fact
bidirectionallanguage influences: the L1 can influence the L2, and the L2 can influence the L1.
Furthermore, these studies indicated that the phonetic categories of bilingual speakers are often
not the same as the analogous phonetic categories for monolingual spéatrsr language,
either because the bilingualOs categories are intermediate between the monolingualsO, or becaus
the bilingualOs seem to have dispersed to preserve contrasts across both languages
simultaneously.

With respect to relationships betwessunds where both segments of a pair occur in both
the L1 and L2, then, an exemplaased model makes the following two predictions:

10
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1. During the course of L2 acquisition, the relative number of links between a pair of sounds
that is allophonic in the firstanguage but contrastive in the second language will
decrease.

This prediction follows from the claim that exemplars of each of the two sounds in the
second language will enter the exemplar map without being linked to each other, because they
are contastive in the L2 (seBigure4). Although the strong L1 links between the two sounds
will not be lost in the normal course of events, there will be a sn@albgortionof such links.

That is, there will be more total exemplars edch of the two categories, and a smaller
percentage of those exemplars will be linked, because the exemplars from the L2 are not linked
to each other. Thus, there should be a gradual shift toward contrast.

2. During the course of L2 acquisition, the relatimumber of links between a pair of sounds
that is contrastive in the first language but allophonic in the second language will
increase.

This prediction is simply the inverse of the first; it follows from the claim that exemplars of
each of the two souds in the second language will enter into the lexicon and be linked to each
other, because they are allophonic (Begrire3). Therefore, there will be a higher percentage of
links between the two categories than there would teeiffirst language, and the two categories
will approach allophony.

Consider a specific example of how these predictions would be implemented during the
course of second language acquisition: namely, the case of a native English speaker learning

Spanish a an L2.As discussed above, in English, the pair [#i]i§ considered allophonic (cf.
alternations likeide [#$%d- riding [#$%03, while the pair [d]/[] is considered to be contrastive
(cf. minimal pairs likedough[do"] vs.though[! 0"]). In Spansh, the opposite relationships hold:
the pair [d)/] ] is considered allophonic (cflonde[dondg OwhereOde dondgde ondgd Ofrom
whereQ) while the pair [d}/s considered contrastive (although never in minimal pairs, because
['] occurs in medial pagon, in exactly the environment thdt][appears as an allophone of /d/,

while [d] appears in initial position). In both languageg, dnd |] are members of different

categories and are thus considered contrastive. These similarities and differgmme®lagical
relationships are illustrated iRigure 6, which depicts phonological relationships in terms of
traditional category memberships.

11
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Starting Point (English L1): Target (Spanish L2):
English: Spanish:

[d])/[!] are allophonic [d])/[!] are allophonic

[d])/[!] are contrastive [d])/[!] are contrastive

[')/[!] are contrastive [')/[!] are contrastive

Figure 6: English versus Spanish [d],][], and [!] in a traditional phonological model

In order to acquire Spanish phonology, the Engligbaking learner must accomplish two
changes: the relationship between [d]Avhich is noncontrastive in the L1, must be relearned

as contrastive, while the relationship between [@l]fvhich is contrastive in the L1, must be
relearned as allophonic. In an exemydased model, the L1 starting point (in English) and the
L2 target (in Spanish) illustrated Figure6 are modelled as iRigure?7. The lefthand side of

Figure7 is a schematised versiongure5. The allophonic relationship between [d] ahfdif

English is represented by the large number of links between these two categories, though the
lexical, semantic, and orthographic categories through which these links were forged are not

illustrated here; the contrastive relationships between [d][Endnd between!] and [ ] are
represented by the small number of links between each of these pairs of categories. The right
hand side ofigure7 shows the analogous relationships among [flJahd [ ] in Spanish; there

are mag words in Spanish that involve alternations between [d] Bhe[g., [donde] OwhereO ~
[de! onde] Ofrom whereO) and thus many links between [d] Jarif relatively few between

either [d] and ] or between![] and [].

Starting Point (L1 kglish): Target (L2 Spanish):

Figure 7: English versus Spanish [d],][], and [!] in an exemplarbased model

12
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These pictures of the Spanish system in Figures 6 and 7 are of cdyrdeedarget of L2
acquisition; the actual process of second language learning does not involve a categorical switch
from knowing only one language to knowing a second language or knowing two languages.
Instead, the learner makes a gradual transition detwthe two systems, becoming more
proficient in the L2 over time and with increased exposure to and practice in the new language
(see, e.g., Flege and Liu 2001). In an exemipémed model, this gradual L2 learning applies at
the level of learning phonalical relationships, as well: a learner gradually changes the
proportions of links between categories as they gain experience in their second language.

In an exemplar model, the acquisition of categories is dependent on exposure to [dnguage
as Pierrehumbe (2003a) explains, Owith a sufficient level of exposure, a distribution can be
learned at an arbitrary location on the phonetic mapO (132). Pierrehumbert (2003a) describes how
a first language is acquired by a child in an exemipdesed model: the chilstarts by using the
raw auditory information of the incoming signal to build frequency distributions on the internal
map; these distributions are the beginnings of phonetic categories. As the lexicon begins to
emerge, the child can then also apply-dopvn knowledge of what the language being learned is
like to further refine the categories (and, presumably, increased linguistic experience will also
have selective attention effects, affecting how new stimuli are mapped onto existing categories
see e.g. Nogeky 1986, Pisoniet al. 1994). The key is that it is only through continued
experience with the language that the child progresses from an essentially empty acoustic map to
a mature mastery of a languageOs phonological categories and boundaries. Aorsioaitsr
occurs during second language acquisition; new exemplars come in and are categorised at
appropriate locations on the exemplar map. The primary difference between first and second
language acquisition in an exemplmsed model, however, is that Becond language
acquisition, the new L2 exemplars are not being stored on an empty map, but rather are added to
the existing L1 map.

For example, as a native L1 speaker of English learns Spanish as a second language,
exemplars of Spanish words enter #iered memory space and begin to change the number of
links between categories; this is illustratedFigure 8. This figure uses the same symbols as
Figure5, and in fact includes all dfigure5 in addition to new categories that represent Spanish
exemplars. For ease of representation, Spanish categories and links are represented with dashed
lines, while English ones are again represented using solid lines. This difference typdine
should not be interpreted as representing any fundamental difference between the ways in which
English and Spanish are stored in the system (although, as mentioned above, there might in fact
be new OlanguageO categories to which English versus $panighars are also linked, thus
allowing a bilingual to separate out the two languages when necessary).
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Figure 8: Exemplar-based model of the phonological relationships between [d]][and [! ]
in a native English speaker wo is acquiring Spanish as an L2

Where the English starting point had many links between [d]'dnith¢ Spanish exemplars

of those same categories come from independent words such as [donde] Owheré@] and [ka
OfaceO; they do not link to each other {here are no alternations between the Spanish [d] and
['D. In the new (bilingual) exemplar space, the proportion of links between [d] jasd¢duced

as compared to the original English starting point; thus, the two sounds move toward the
OcontrasteO end of the scale between contrast and allophony. This effect is predicted to be
gradual and directly tied to the number of exemplars of the L2 segments that have been
encountered (i.e., the amount of experience with the L2). Similarly, a native spé&eglish

starts with few links between [d] and][ As the target language, Spanish, is learned, more
exemplars are added to each category that are linked to exemplars in the other category (for
example, the alternation between [donde] and ddde], whch are linked through phonetics,

semantics, and orthography). The number of links between [d]! druigdually increases, and
they move toward the allophonic end of the scale.
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3.2 Using perception to test phonological relationships

The two predictionsf an exemplabased model of phonological acquisifibthat both L2
allophonies and L2 contrasts can be gradually learned as a reflection of the changing proportion
of links between categorifswill be tested in the following sections, using perception
expeiments to evaluate the OlearningO of phonological relationships. Perception experiments
were chosen because there is empirical evideéhae contrast and allophony have different
effects on the ways in which pairs of sounds are perceived by speakgpartitalar language
or languages (e.g., Jaeger 1980a, b; Beddor & Strange 1982; Boometslina press).

To see how phonological relationships, as opposed to mere exposure to particular phones,
can influence perception, consider the example of amdlnasal vowels in English and Hindi.

Both oral and nasal vowels occur in each of the two languages; hence, speakers of Hindi and
English should have experience both perceiving and producing such vBegtkr & Strange
(1982), however, found that wheéfnglish speakers were asked to discriminate oral and nasal
vowels, they did not make a categorical distinction between them. Hindi speakers, on the other
hand, perceived the orahsal distinction for vowels categorically, just as they did for
consonantsThe explanation for this difference in perception is that in English, thenasal
distinction on vowels is allophonic: vowels are nasalised only when adjacent to nasal consonants.
In Hindi, however, the oratasal distinction is contrastive. Thus, th&edence between an
allophonic relationship in English and a contrastive relationship in Hindi affected the perception
of speech sounds beyond what might be expected by differences in exposure alone.

In terms of the perception of allophonic versus catitra relationships within oneOs native
language, there are only a few extant studiBsomershineet al. (in press) tested the

discrimination of the pairs of sounds [d}/[[d]/[!], and []/[!] by American Englisktspeaking

and Spanistspeaking listenersAs discussed above, in English, the pair [#]#§ considered
allophonic, while the pair [d]/] is considered to be contrastive; in Spanish, the pair [d¥[
considered allophonic, while the pair [dlJ/{s considered contrastive. In both languag¥elsand

['] are members of different categories and are thus considered contrastive. Boone¢rahine
were able to test the effects of native language phonology on perception directly because they
used stimuli recorded by native speakers of Greek (fonwfd], ['], and | ] are all contrastive);

thus their listeners, whose L1s differed, all heard the same relatively foreign stimuli. They used
both a discrimination task and a rating task; in both tasks, the stimuli consisted of pairs of
nonsense words thaither were different repetitions of the same word or were minimal pairs
contingent on the [d]V], the [d]/['], or the [ ]/[!] difference. In the discrimination task, listeners

had to indicate whether each pair consisted of the OsameO words or Qdiffedlsnand reaction
time was used as an indication of perceived similarity. In the rating task, listeners were asked to
subjectively rate the similarity between the two words on adoiat scale. In both tasks,

Boomershineet al found that native Enigh speakers perceived [d])/[as more similar than

[d)/[!], while native Spanish speakers perceived [#l]§s more similar than [d]], directly
reflecting the phonological relationships of each pair in the two languages. Unsurprisingly, the
pair [']/[!] patterned like the contriage pair in each language and was judged by both English
and Spanish speakers to be fairly different.

Tying these findings back in to the predictions of an exeni@aed model for L2
phonological acquisition, greater perceived similarity should becdimsequence of having a
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large number of shared links between categories in the model (allophony), while decreased
perceived similarity should be the consequence of having a small number of shared links in the
model (contrast). Thus, during the course ofacguisition, a pair of sounds that is contrastive in
the L1 and allophonic in the L2 should gradually be perceived as being more similar to each
other, while a pair of sounds that is allophonic in the L1 but contrastive in the L2 should
gradually be perdeed as being less similar to each other.

The experiments presentada4 and a5vere designed to test how the perceived similarity
(as an index of the phonological relationship) between pairs of sounds changes as learners
acquire a second language inigththe pairs have the opposite phonological relationship as in

their L1. These experiments examine the perception ofl[dard [ ] both by native speakers of
English who were learning Spanish and by native speakers of Spanish who were learning
English

If the number of links between [d] and] increases as a native Spanish speaker learns
English, there should be a perceptual reflex: this pair of sounds should be perceived by Spanish
English bilinguals as more similar than it would be by Spanishkepeavith only a beginning
level of proficiency in English. Similarly, native Spanish speakers who are bilingual in English
and have a decreased proportion of links between [d]!drehpuld perceive this pair as more
different than Spanish speakers wathly a beginning level of English. These predictions will be
tested in Experiment 1. The opposite changes would be shown by native English speakers who
have learned Spanish as an L2: by learning that [d] Qratd contrastive (have fewer shared

links) in Spanish, they should perceive them as more different than do English speakers with
only a beginning level of Spanish, while by learning that [d] ahdue allophonic in Spanish
(have more shared links), thehould perceive them as more similar than English speakers who
have only a basic ability in Spanish. These predictions will be tested in Experiment 2.

4. Experiment 1: Native Spanish Speakers Acquiring English

The purpose of both Experiments 1 and 2 weaslirectly test the ability of second language
learners to perceive narative contrasts and allophonies, and to determine how the perception of
these relationships changes over the course of learning, thus testing the predictions for L2
acquisition giverby an exemplabased modellThe assumption behind these experiments is that,

if the new relationships have been learned, then the perceived similarity between the sounds will
change to reflect the new understanding of the relationships. In both expsrimenilarity

rating task was used to ascertain the perceived similarity between the paifs[¢djff ], and
[')/[']. The first experiment examined whether native Spanish speakers who had an advanced

level of L2 English perceived [d] and] as more similar and [d] and][as more different than
native Spanish speakers who had little or no egpee in English as an L2.

4.1 Methods

4.1.1 Stimuli
The stimuli presented in the rating task consisted of two tokens of each of the following VCV
sequences: [ada], 'R, [d a], [idi], [i!], [i!i], [udu], [ulu], and [du]. These tokens were

produced bytwo native speakers of Greekne male and one female, each with phonetic
training. Greek talkers were chosen for two reasons. First, in Greek, unlike both English and
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Spanish, all of the phones [d]],[and | ] are contrastive intervocalically, and s@ groduced
naturally in this context. Second, using Greek talkers ensured that the acoustics of the stimuli
would be equally OforeignO to both the native Spsmestking listeners who participated in
Experiment 1 and the native Enghspeaking listeneraho participated in Experiment 2. Based

on the results of experiments presented in Boomersdtirad (in press), who compared the
perception of Greekand Englishproduced stimuli of this type by both Englistnd Spanish
speaking listeners, it is reast& to assume that the Greek stimuli would be perceived as

acceptable tokens of the English and Spanish categoried//dAnd I/. The results from
Boomershineet al. indicated that the English listeners perceived the Greek pait][dB]

allophonic, ad the Greek pairs [d)/] and []/[!] as contrastive, just as they would English pairs,
while the Spanish listeners perceived the Greek pairl [d§4§ allophonic and the Greek pairs
[d])/[!] and []/[!] as contrastive, just as they would Spanish pairs.

Each of the two talkers recorded multiple examples of the stimuli using antmated
microphone in a soundproof booth; stimuli were digitally recorded at a sampling frequency of 22
kHz using Praat (Boersma and Weenink 2001). The talkers attempted toeeapial stress on
the first and second syllables. In order to control the amplitude across tokens and talkers, the
peak amplitude was equated for each of the tokens. The two best recordings for each VCV
sequence for each talker, as determined by subgegtdgments of clarity, stress equality, and
accuracy of pronunciation, were used as stimuli in both the experiments presented in this paper.

4.1.2 Participants

There were two groups of native Sparsgeaking listeners who participated in Experiment 1.

The members of the first group (N=10; 4 female, 6 male; mean age = 24.4) were classified as
Obeginningd English learners and had-sasedf ability in English of 2.1 on a scale of 0 (nhon
speaker) to 7 (native fluency). These beginning English learneessivetents, faculty, or staff at

the Universidad Nacional Autonoma de Mexico, in Mexico City, Mexico, and were tested in
Mexico. The members of the second group (N=7; 5 female, 2 male; mean age = 28.8) were
classified as OadvancedO English learners ardseifdated ability in English of 5.3; they had

spent an average of 35 months in the United States, and were students or faculty at the Ohio
State University. Participants received $10.00 (or the equivalent in local currency) as
compensation.

4.1.3 Proedure

Participants in the similarity rating task were tested in groups of one to four participants, each
seated in front of an individual PC and listening to the stimuli over headphones. Participants
heard one pair of stimuli on each trial; the stimuleacth pair were separated by one second of
silence. A long interval was used to increase the likelihood that participants would make a
decision about the category of the stimulus they had heard, rather than relying purely on acoustic
impressions, thus empdiaing phonological rather than phonetic relationshipise stimuli
presented in each pair were always physically different tokens, though within each pair, the same
talker was always used. Some pairs represented examples of the same medial consenant (e.g.
[ada] . . . [ada]); others represented examples of different medial consonants (e.g., [adla] . . . [a

% The means given for the secofajvance@group exclude one participant who was 52 years of age and had lived
in the United Statefor 24 years.
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or [ada] . . . [&]). After hearing the pair of stimuli, listeners were asked to jundye similar the

OwordsO in each pair were on a scal®mf vihere 1 wasdery simila®and 5 wasQery
differentOParticipants logged their responses using abiviton response baonnected to a PC
running EPrime software; the software presented the stimuli in a different random order for each
participant. There was no limit to the length of time participants could take to respond to each
pair of stimuli; after their response wagged, the next pair was presented dfter seconds
Participants received no feedback in this experiment, as there wésernecOor Gncorrec®
answers; other than the initial instructions and indications of breaks between blocks on the
computer scren, and the labels on the button box, they were given no visual information during
the experiment.

Because there was no concern about participantsO having an advantage at guessing the
@orrecOresponse, two repetitions of each possible stimulus pairerg wsed, rather than
having an equal number of trials with the same medial consonant and with different medial
consonants. There were @améitrials (3 consonants x 3 vowels x 2 talkers x 2 recordings of
each stimulus x 2 repetitions of each pair = @8) 288Q@lifferenOtrials (3 consonants x 3
vowels x 2 talkers x 2 recordings of the first member of each pair x 2 recordings of the second
member of each pair x 2 orders for each pair x 2 repetitions of each order = 288), for a total of
360 test trials.These 360 test trials were presented as 4 blocks of 90 trials each, with the
opportunity to take a break between each block, but the stimuli in each block were different and
randomized for each listener.

4.2 Results

To analyze the rating task resultse ttating scores for each listener were normalised to
compensate for differences in use of thpoint scale (e.g. avoiding use of the endpoints, etc.).
The scores were normalised usingscare transformation, such that each listenerOs scores were
centerd around zero, with scores above zero indicafingre differenand scores below zero
indicating@®nore similar® The normalised results with their 95% confidence intervals are shown
in Figure9. In this figure, each pair of calins represents one of the three stimuli painsl the
normalised responses are along tkexig, with@nore differenDappearing toward the top of the
graph anddnore similabtoward the bottom. The two columns for each pair represent the two
listener graps: the lefthand columns represent the participants who were beginning English
learners, and the rigitand columns those who were advanced English learners.

* Note that only the results from ttifferenOpairs (e.g. [d]A]) are reported here, not the results from@emé

pairs (e.g. [d]/[d]). The-Bcores presented Figure9 therefore are largglpositive, because they refle@ifferen®
judgments, while the-gcores to th&@ampairs are all negative. The scores for@emépairs are excluded
because they do not reveal anything about the perception of varying phonological relationships.
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Figure 9: Average rating scores and 95% confidence intervals for el pair for the two
groups of native Spanishspeaking listeners learning English in the rating task in
Experiment 1. The vertical axis represents average normalised rating score, winore
different&toward the top of the graph and@nore similarCtoward the bottom.

A repeated measures ANOVA with factors listener group and consonant pair revealed that there
was no significant main effect of listener grdi§l,42)=1.52, n.s.]; that is, overall, the native
Spanish speakers responded the same way, regastiless much English experience they had.
There was, however, a significant main effect of pair [F(2,42)=3.42, p < 0.05]; the responses
were dependent on which pair was presented. Subsequent pogebkiscwere run to examine

the main effect of pairThroughout the papethese ttests were either standardests if the
variances of the pairwise comparison groups were the same according to an F test comparing
variances, or conservative Welch@ssts if the variances were found to be unequal. The alpha
values for determining significance: (= 0.05) were subjected to Bonferroni corrections for
multiple comparisons. Pairedtdasts indicated that the main effect of pair in Experiment 1
followed the predictions of the phonological relationships in Spariighpair [d]/] ] was rated

as more similar than either [d]J[[t(16) = 3.396; p < 0.01] orJ[!] [t(16) = 3.44; p < 0.01];

there was no difference between the ratings oflJdfjd }]/[!] [t(16) = 1.54; n.s.].
There was also no significant pair by group interadiig@, 42) = 0.85, n.s.JFor each pair,
there was a tendency for the advanced English learners to rate the pair a@ioesndifferend
than the beginning English learners did, but this difference was not large enough to reach
significance.
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4.3 Discussion

The results of this first experiment indte that, although the native Sparnsgieaking listeners
responded to the stimuli in accord with the predictions of Spanish phonology, they showed no
influence of their English experience on their perception. The advanced English learners did not
perceivethe pair [d])/] ] as (significantly) more different than the beginning learners, nor did they

perceive the pair [d]] as more similar than the beginning listeners.

These results are surprising in light of previous studies that have shown that learning a
second language can increase the perceived differences betweeatidencontrasts (e.g.,
Pisoni et al. 1994; Flegeet al. 1995; Flege & Liu 2001). There is also no support for the
hypothesis that learning an L2 allophony increases the perceived $ynbleiriveen pairs that
instantiate a nomative allophonic relationship, or the prediction of an exerpdaged model
that the presence of L2 exemplars will automatically change the grammar of the learner. These
surprising results may, however, be a restilthe fact that the native Spanish speakers were
recruited for the study by native English speakers who told the participants that they had been
recruited because they were Spanish speakers. As Marian and Spivey (2003) have shown,
knowledge on the part gdarticipants about which language is being targeted can affect how
participants respond to experimental stimuli. Thus, the Spapisaking participants in this
experiment may have been consciously responding to the stimuli using their native Spanish
phorology, masking the influence of stored English exemplars on their perception. In
Experiment 2, this problem was addressed by focusing the participantsO attention on their L2,
though the L1 and L2 of the participants in Experiment 2 was the reverse oirtliogeeriment
1.

5. Experiment 2: Native English Speakers Acquiring Spanish

As in Experiment 1, the purpose of Experiment 2 was to test the changing perception of contrast
and allophony during the course of L2 acquisition. In Experiment 2, however, tive na
language of the participants was English, and their L2 was Spanish. Furthermore, to address the
shortcomings of Experiment 1, in which no evidence of acquiring L2 phonological categories
was found, participantsO attention was focused on the fatiéhatere learning Spanish as an

L2.

5.1 Methods

5.1.1 Stimuli
The stimuli for the rating task in Experiment 2 were identical to those used in Experiment 1.

5.1.2 Participants

Three groups of native American English speakers learning Spamahticipated m this
experiment.As in Experiment 1, participants were asked to rate their L2 ability using a scale
from O to 7, where O denoted no experience and 7 denoted a native oflikativ2 ability. The
participants, who were students, faculty, or frienddudents at the Ohio State University or the
University of North CarolindVilmington, were divided into three groups based primarily on
these ratings and secondarily on the length of time they had spent studying Spanish in a Spanish
speaking environmenteginningSpanish learners (N=10; 8 females, 2 males; mean age =
20.2) had an average setiting of 1.6, and had spent no time living in a Spasmstaking
country. Ontermediat®Spanish learners (N=14; 10 females, 4 males; mean age = 21) had an
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averageself-rating of 4.8 in Spanish and had spent an average of 3 months living in a Spanish
speaking country@dvancedSpanish learners (N=9: 4 females, 5 males; mean age = 25) had an
average selfating of 6.3 in Spanish and had spent an average of 10.Zhsnbwing in a
Spanishspeaking country. Thus the beginning and advanced groups in Experiment 2 were more
extreme beginners or more proficient -EReakers as compared to their counterparts in
Experiment 1; this was done to help tease apart any morgréimeed differences across learning
levels than might be evident from a binary distinction betw@sginning and @dvance®
learners.

Participants in this experiment were recruited from Spanish classes or the Department of
Spanish and Portuguese at theispective universities; as such, they were aware that they had
been targeted for this experiment because they were learners of Spanish. Thus, unlike in
Experiment 1, the attention of participants in Experiment 2 was more focused on their L2
knowledge. Beipning and intermediate Spanish learners received ourse credit for their
participation; advanced learners received $10.00.

5.1.3 Procedure
The similarity rating task used here was identical to that described in Experiment 1.

5.2 Results

As in the rating esults reported for Experiment 1, the rating scores for each listener were
normalised using a standaréaore normalisation toompensate for differences in use of the 5
point scale. Hence scorebaxe zero indicaténore differenDand scores below zeindicate
(nore similar®The normalised results for each pair with their 95% confidence intervals are
shown inFigure10.
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Figure 10: Average rating scores and 95% confidence intervals for each pair arehch
group of native Englishrspeaking listeners learning Spanish in the rating task in
Experiment 2. The vertical axis represents average normalised rating score, winore
different&toward the top of the graph and®nore similarCtoward the bottom.

A repeated measures ANOVA with factors listener group and consonant pair revealed that,
as in Experiment 1, there was no significant main effect of gife{#48) = 0.53, n.k(there was
no overall difference in rating scores across listeners groups), diuthére was a significant
main effect of pairff(2,56) = 4.12, p < 0.Q5Paired post hoctests indicated that native English

speakers as a whole ratpd]/[!] as significantly more similar than]f!] (t(30) = 2.68, p <
0.017). There was no signifidadifference in the ratings of the pairs [d])/and []/[!] (t(30) =
1.08; n.s.) or in the ratings of the pairs [g)/and [d])/['] (t(30) = 1.53; n.s.). That is, the
allophonic pair [d]/[] was rated as being more similar than one of the contrastive p#[t ],
and the contrastive pairs were not significantly different from each other.

Although it is somewhat surprising at first glance that the allophonic paif] [di#s not

rated as being more similar than the other contrastive pairl ][d¥/s important to remember
that these comparisons were computed over all three groups of listeners combined, and the

pattern across listener groups for [H]if almost the opposite of that for [d]][ as can be seen
in Figure 10: that is, there is a steadgrease in average score across the three listener groups
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for the pair [d])/[] and a steady decrease in average score across the three groups for the pair

[d])/[!]. Thus on average, the two pairs were rated the same across listener groups, but there is a
crucial difference in terms of how the groups contributed to the average. This differential effect

is captured in the fact that there was asagnificant pair by group interactioR(f, 56) = 2.47,

p = 0.09: the mean response to each pair was depeaelgtener group.

This pair by group interaction indicates that the three listener groups did not respond the
same way to each pair; presumably, this effect is caused by the difference in proficiency in
Spanish. Poghoc ttests allow us to examine haach listener group responded to each pair (for
example, do all three listener groups show the expected effect of phonological relationship?), as
well as how each pair was responded to by each listener group (for example, do all three groups
respond to té allophonic pair [d]f] in the same way?). Because there are three listener groups
and three pairs, and two different possible interaction effects, there are eighteen different post
hoc comparisons possible. Using a Bonferroni correction on the alpha value for significance
means that for any comparison to be significant, it must havevalye of less than 0.0028, an
extremely conservative value. Because of this conservatism, none of the individual pairwise
comparisons were statistically significant.

However, the trends wereaiite clear, and the existence of a significant interaction indicates
that they are interpretable, if with some caution. The pair[dWfhich is allophonic in English
and contrastive in Spanish, was rated as being more similar by beginning Spanish learners than it
was by either intermediate or advanced Spanish learners, and as more similar by intermediate
Spanish learners than by adead Spanish learners. Exactly the opposite pattern was seen with
the pair [d])/] ], which is contrastive in English and allophonic in Spanish: this pair was rated as
more different by the beginning Spanish learners than it was by either the intermediate or
advanced Spanish learners, and as more different by the intermediate Spanish learners than by
the advanced Spanish learners. There was no trend for any differences across the three groups in

the ratings of the pait]f[! ], which is contrastive in both English and Spanish.

Of the three listener groups, only the beginning Spanish learners showed any trend toward
rating the three pairs as significnatly different from each other: this group followed the
predictions of astandard analysis of English phonology, and had a tendency to rate the
allophonic pair [d]/[] as more similar than either of the constrastive pairs! [dd [']/[!]. The
other two groups showed no tendency to follow either the native English phaablogfitern or
the L2 Spanish phonological pattern, rating all three pairs as approximately the same in
similarity.

In addition to the comparisons across learning groups within each experiment, it is also
interesting to compare the responses to eachopatimuli across the two experiments. Such
comparisons give insight into what it means to béalvance@speaker of a second language:
do advanced speakers of an L2 pattern like -neamolingual speakers of the L2? A repeated
measures ANOVA across therd experiments, with factors listener group (five groups) and
consonant pair (three pairs), indicated that there was no signficant main effect of group [F(4, 47)
= 2.46; n.s.], but that there was a significant main effect of pair [F(2,86) = 4.96, p <afdd]
significant pair by group interaction [F(8,86) = 4.35, p < 0.001]. Because only a subset of the
possible pair by group interaction comparisons were of interest, planned compéesisnitere

run to test specific hypotheses about the ratings o$ paross languages. Only the p#itig[!]
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and [d]/] ] were compared, as there was no prediction that the 'plr] [would vary across
language groups. The Bonferramarrected alpha value for significance was thus 0.00625.

First, the beginning L2 leaers of each language were compared to establish a baseline of
perceived similarity for speakers with limited L2 proficien@e@armonolingualé). There was a
nonsignificant trend for native Engliskpeaking listeners with a beginning level of Spanish to

rate the pair [d]/] as being more similar than did native Sparspbkaking listeners with a
beginning level of Englisift(18) = 2.18, p = 0.04], while the native English speakers rated the

pair [d]/['] as significantly more different than the native Spanish speakers) [{91719, p <
0.002]. These results align with the different phonological relationships in the two languages;
[d])/[!] is allophonic in English but contrastive in Spanish, while [dl]i§ contrastive in English

but allophonic in Spanish.

Next, the advaneckL?2 learners of each language were compared with themsaslingual
speakers of their L2 to determine whether being an advanced speaker results #ikaative
performance that matches the performance of monolinguals. First, native Spanish speakers who
were advanced learners of English were compared with native English speakers who had only a
beginning level of Spanish. These groups differed significantly from each other on both the pair
[d)/[!'] [t(12.68) = 4.65; p < 0.001] and the pair [d]/[t(7.47) = 5.16; p = 0.001]. Being an
advanced learner of English therefore did not put native Spanish speakers on a par with native
English speakers; but, as mentioned in ©3.3, the native Spanishrspeake aware that they
had been chosen because they were Spanish speakers and thus may have been participating with
a focus on listening as Spanish speakers, thus biasing their responses toward Spanish
phonological relationships. Next, native English &ees who were advanced learners of
Spanish were compared with native Spanish speakers who had only a beginning level of English.

Interestingly, neither the pair [d]][nor the pair [d]/[] was rated significantly differently by

these two groups ([d}f t(12.23) = 0.46; n.s.; [d)V]: t(15) = 1.93; n.s.). Thus, advanced
learners of Spanish patterned very similarly to smeanolingual Spanish speakers; their
perceptio of these pairs seems mimic native perception. Recall that unlike the advanced learners
of English, these participants were recruited with an awareness that their L2 abilities were of
interest; therefore, they may have been listening with a Spanish bias.

5.3 Discussion

Unlike Experiment 1, the results of Experiment 2 show evidence of a bipartite learning effect: on
the one hand, pairs that are raontrastive in the L1 and contrastive in the L2 can be learned to
be differentiated as beir@nore differentDand on the other, pairs that are contrastive in the L1
but noncontrastive in the L2 can be learned to be treate@hase similarOThe rative English
speakers learning Spanish appear to have learned that [d]] aaah [oe considered contrastive

(as evdenced by the rating of this pair as more and more different given more and more
expertise with Spanish), while they have also learned that [d] 'dndah be considered
allophonic (as evidenced by the rating of this pair as more and more similar giveranabr
more expertise with Spanisijiot only did the native English speakers with advanced Spanish
ability differ significantly from native English speakers with only a beginning level of Spanish,
indicating that they had in fact progressed toward Spdikisiperception, but they also did not
differ significantly from native neamonolingual Spanish speakers, indicating that they had
achieved nativike perception of the similarity of these paiitsis clear that increased exposure
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to L2 categories camolh enhance the perception of difference for pairs that are contrastive in the
L2 but not in the L1 and enhance the perception of similarity for pairs that are contrastive in the
L1 but not in the L2.

Note that the paif!]/[! ] was rated the same by all of the participant groups in both of the
experiments, regardless of the native language or experience in the second language. This pair is
composed of allophones of different phonemes in both English and Spanish, and[lh &l

[!] are contrastive on the surface in both Spanish (eatg] [cara OfaceO v&kala] cada OallO)

and English (e.g.f§!' ] foddervs. [f$!' ] father). In other words, for this pair, experience in the

second language only serves to reinforce shdface contrast already present in the first
language. Thus, no difference in second language experience was predicted for this pair of
sounds.

6. General Discussion

6.1 Evaluating the exemplaased model

Recall from =3.1 the two predictions of an exeamblased model for the acquisition of L2
phonological relationships, repeated below for convenience.

1. During the course of L2 acquisition, the relative number of links between a pair of sounds
that is allophonic in the first language but contrastive in gbeond language will
decrease.

2. During the course of L2 acquisition, the relative number of links between a pair of sounds
that is contrastive in the first language but allophonic in the second language will
increase.

These predictions of an exemplzased model of contrast and allophony are concerned with
whether or not both types of phonologial relationships can be learned during the course of L2
acquisition. Insofar as the perceived similarity between phones is an indication of the number of
shared Inks between segmental categories, the results from Experiment 2 support both of these
predictions: natively allophonic relationships can be learned as being contrastive in an L2, while
natively contrastive relationships can be learned as being allophoarcli2. Furthermore, this
learning is gradual, as predicted by a model where learning is dependent on exposure: the
responses of the native English speakers with an intermediate level of Spanish consistently fell
between those with a beginning level ofaBgh and those with an advanced level of Spanish.
This finding further supports the claim of an exemylased model that contrast and allophony
should be thought of as endpoints of a single scale: L2 learners appear to move along the scale
and can haventermediate representations of phonological relationships.

The results of Experiment 1, however, suggest that in order to see the effects of this
learning, at least through perception, listenersO attention must be focused to the second language.
This finding that attention matters was not originally predicted by the exeio@éed model, but
is not inconsistent with it selectional attention could be incoporated into an exerbaised
model of speech perception, but the details of how this should be dibre Weft for future
research.

An exemplatbased model of contrast and allophony is clearly useful in providing a
framework for understanding L2 phonological acquisition. There are, however, other models of
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non-native speech perception and second lagguecquisition. The next section outlines two of
the most commonly cited models and explains how an exeigt®d model of phonology not

only incorporates the insights of these models but provides a more explicit account of the
acquisition of both nomaive contrasts and nemative allophonies.

6.2 Current models of speech perception

Two current models will be examined here, BestOs Perceptual Assimilation Model (PAM; see
Best 1994, 1995) and FlegeOs Speech Learning Model (SLM; see FlegeK1a853. Natie
Language Magnet Model (NLMM; see Kuhl & Iverson 1995, Kuhl 2000) will not be discussed
here simply because it focuses on how perception changes during the first year of life, and the
guestions under investigation here are instead focused on the merad@isecond language by
adults who have already mastered a first languddele the claims of the NLMM about the
warping of the perceptual space based on L1 input certainly have implications for later L2
learning, Kuhl & Iverson (1995) point out thaiyen @xtensive trainin@)adults can overcome
magnet effects caused by their L1 (142hus, while the role of L1 perceptual magnet effects on

the perception of L2 phonological relationships merits further investigation, it will not be
addressed here.

6.2.1BestOs Perceptual Assimilation Model

BestOs Perceptual Assimilation Model (PAM) is concerned with the particular ways in which
nonnative segments, and in particular, pairs of segments, are perceived relative to-the first
language phonological systeifthe PAM assumes that an incoming phone will be perceived in

one of three ways: it can be assimilated to a native language category (e.g., a French [n] would
be perceived as an example of the English category /n/ by an English native speaker); it can be
perceived as being somewhat analogous to multiple native language categories (e.g., a Japanese

[!'] would be perceived as being somewhere between English /#grat it can be perceived as

not being an example of anything similar to the native language categories (e.g., & Fulu |
would be perceived as n@peech by a native English speaker).

In addition to the perception of individual phones, the PAM makes predictions about how
pairs of phones will be perceived by nomtive speakers. That is, the PAM describes not just
phonetic perception but also phonological perception, addressing isshessduow nomative
contrasts between pairs of sounds will be perceived. Two incoming phones may be mapped to
two different native language categories, to the same native language category but as distinctly
different in terms ofgoodness of fibto that ategory, or to the same native language category
and with no difference in goodness of fit; additionally, it may be the case that one of the phones
is mapped to a native language category and the other is not considered a member of any
language category. d4t discussions of the PAM focus on how pairs of incoming sounds that are
contrastive in the noenative language are mapped onto the native phonological system of the
listener. Of course, a listener has no way of knowing what the phonological relatioatsigen
a pair of incoming sounds is in the noative language (see, e.g., Best & Tyler 2007).
Presumably, therefore, the same possible outcomes hold fenatiwe contrastive and
allophonic pairs of sounds: they can be mapped to the same native categomjifferent native
categories, etc. Just as the PAM predicts that listeners should have difficulty judgingtinen
contrasts that are mapped to a single native category as being different, it should also predict that
listeners have difficulty judgg nornative allophonic relationships that are mapped to two
different native categories as being similar.
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The PAM is a model only of nenative speech perception, however; it is not a model of
second languagacquisition that is, it focuses on the peption of a phone with respect to the
listenerOs native phonological system, rather than on how the system will change during the
course of second language learning. Therefore, it makes no predictions about how speech
perception might change over time,aasonnative speaker becomes more familiar with an L2.

The PAM provides a snapshot of speech perception given a certain phonological system; it
cannot predict that the system itself will change.

6.2.2 FlegeOs Speech Learning Model

FlegeOs Speech Leamilodel (SLM) is a more general model of second langleaeing

rather than a model of namative speech perception like the PAM. It does, however, include
several hypotheses about how L2 speech perception functions. One of the hypotheses that
compriseghe SLM is thafPsJounds in the L1 and L2 are related perceptually to one another at a
positionsensitive allophonic level, rather than at a more abstract phonemid(felege 1995,

239). FlegeOs use of the tefadlophonicOhowever, is simply to indate that the level of
processing is the phone and not to invoke claims about allophonic versus contrastive relations.
Thus the focus of the SLM is grhoneticcategories rather than on phonological ones, and the
SLM (unlike the PAM) says nothing about pletogical relationships.

Also unlike the PAM, the SLM makes predictions about the grammatical system as a whole
and the ways in which it can change during the course of second language acquisition.
Specifically, the SLM claims that the language acqoisitdlevice is always active over the
course of the lifespan and that the mechanisms of L1 and L2 acquisition are the same.
Furthermore, it claims that phonetic characteristics of encountered speech sounds are stored in
long-term memory, and that productiotargets will be based on these stored memory
representations. Thus, it predicts that encountering a second language will cause L2 learning to
take place and that the phonological system will in fact change over time.

Interestingly, however, the hypothesa the SLM that are concerned with the perception of
phonetic categories deal exclusively with an L2 learnerOs ability to notice phiifferténces
Specifically, the SLM claims that new phonetic categories will be established if the phonetic
differenes between the L1 phonetic categories and the L2 phonetic categories are large enough
that native speakers notice them. To the extent, then, that these hypotheses can be extended to
phonological rather than phonetic categories, they would predict that phexvological
differencesl i.e., contrasfS could be learned, but say nothing about new phonological
similarities (allophonies). That is, the SLM seems to be compatible with a scenario in which an
L2 learner begins to perceive categories that are not distiregliin the native language as
distinct in the second language; it is less clear what the prediction is for an L2 learner who needs
to reanalyse two categories from the native language as being a single category in the second
language (or, in exemplarrias, reanalyse two highly distinct categories from the native
language as being relatively similar in the second langudgegummary, then, the current
models of second language speech perception and acquisition do not make clear predictions
about how tk perception of phonological relationships will change over time. While it is clear
that nonnative contrasts can be learned in some cases, neither the PAM nor the SLM makes
explicit claims about whether nerative allophonic relationships can also be aeql
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6.2.3 An exemplabased model of second language acquisition

As was described in &3, an exemgbased model of phonology naturally lends itself to being a
model of language acquisition. The current section illustrates hany wf the insights of kb
the PAM and the SLM can be imported into an exerApéesed model.

Consider first the key ideas of the PAM, which is a model of how incoming sounds are
categorised with respect to a listenerOs existing phonology. It is assumed in exemplar models that
incoming exemplars are classified onto the existing mental map using some sort of similarity
matching mehanism (see, for example, Pierrehumbert (2002), which provides an equation for
assigning an incoming exemplar to a place on the mental map based orber mif factors
about the existing map and the incoming stimulus). This mechanism can be thought of as being
an implementation of the PAM: new stimuli come in as gradiently good exemplars of any given
category, and the perception of a f@tive contrast étween a pair of sounds is dependent on
the mapping of each of the individual phones within that pair texisting categories.

An exemplar model, however, goes beyond the description of how at any static moment
new stimuli are perceived, and insteadhi fact a dynamic implementation of a PAikKe model:
it proposes a specific mechanism for changing the perceptual categories, through increased
exposure to enough new data that the category boundaries are shifted. Thus in addition to
incorporating therisights of the PAM, it can be used to implement many of the complementary
insights of FlegeOs SLM.

In an exemplar model as described above, assuming that language acquisition proceeds as
normal from infancy onwards, there is agrioriage at which theatureof language learning is
predicted to change. That is, without making further modifications to the model, it is assumed
that all new utterances that are encounfénejardless of how old oneNsare stored in the
lexicon and available for influencinghé precise location and boundaries of grammatical
categories; thus, second language acquisition should proceed in the same manner as first
language acquisition. As more and more language is heard and produced, however, each new
utterance has less and legsan impact on the general linguistic system. Once generalisations
have been made, they are relatively stable, and are subject to change only under the influence of
extremely large amounts of data that are significantly different from that previousiynéereal.

These predictions are in accord with the claims of the SLM that second language learning is
possible throughout the lifespan, but that there is increasing difficulty associated with the age of
acquisition.

At the same time, the exemplar space imitary spade all exemplars of all utterances are
assumed to be stored on the same map. Consequently, exemplars of a second language are storec
along with those of the first language; the first language has already created a topography on the
mental map;to which L2 exemplars must be added. Thus the prediction of the SLM that L2
acquisition is influenced by the existing L1 is an inherent part of an exebgdad model.
Furthermore, the SLM also entails that the L2 will affect L1 categories. This affectjs
inherent in an exempldrased model; as the L2 exemplars enter into the common map, they can
(slowly but surely) change the topographical features currently on the map from the L1.

7. Conclusion

Because there are independent reasons to thinlkexkatplarbased models provide useful
insights into the mechanics of speech perception and sound change, and more and more linguists
are exploring how an exemplbased model of phonology might be applied to classical
phonological analysis, it is useful bave an understanding of how such a model would represent
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the basic phonological relationships of contrast and allophony. This paper has shown how these
relationships might be tied to the number of shared links between segmental categories, and are
independent of traditional notions of category membership or complementarity of distribution:
contrast is represented by having relatively few shared links between two categories, while
allophony is represented by having relatively many shared links.

Furthermoe, the dynamic nature of an exemgbased model makes it particularly suited to
describing language acquisition. The model makes specific predictions about the acquisition of
both contrast and allophony in a second langMaggmely, that both relationshipsan be
learned given enough exposure to théllghd these predictions were borne out by the results of
Experiment 2, at least insofar as changed perceived similarity is an indicator of changed
phonological relationships. The results of Experiment 1, howeuggest that bilingual speakers
are able at least partially to select which of their two languages they make use of during the
course of perception.

Finally, it was shown that an exemplaased model can be seen as an implementation of
the characterigts that FlegeOs SLM describes as necessary components of an L2 acquisition
model, and that it uses an assimilation model analogous to the PAM. Thus, while there are still
many open guestions about the details of doing exerbpkad phonology, there als@many
reasons to think that an exemplarsed approach will be an extremely beneficial line of
research.
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