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Testing an Exemplar-Based Model of Contrast and Allophony against 
Evidence from Second Language Acquisition 

 
This paper presents a concrete representation of the relationships 
contrast and allophony in an exemplar-based model of phonology: 
contrast is represented 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 
non-native contrasts and non-native allophonies are learnable. 
Finally, the exemplar-based model of phonological acquisition is 
compared to other current models of non-native speech perception 
and second language acquisition, and shown to incorporate many 
of the insights of such 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 conjunction with more traditional rule- and 
constraint-based 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 mental lexicon; 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 usersÕ awareness of fine-grained phonetic 
detail, there has so far been a lack of formal explanation of how exemplar-based phonology is to 
be done. One exception to this is in the area of diachronic phonology; Bybee (2001, 2002), 
Pierrehumbert (2001), and Wedel (2006) have developed exemplar-based 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 exemplar-based model, using Cantonese tonal near 
merger as a jumping-off 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 notions contrast and allophony. This paper focuses on how contrast and allophony could be 
expressed in an exemplar-based model of phonology, and tests some of the predictions of such a 
model with reference to second language (L2) acquisition. 
 In an exemplar-based model, phonological categories are represented as probability 
distributions over a mental phonetic acoustic/auditory map. The 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], at the coordinates for a voiced alveolar 
flap [!], and at the coordinates for a voiced interdental fricative [!], among many others. In this 
paper, I show that phonological relationships like contrast and allophony are derived in an 
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exemplar-based model through shared 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 explain how this notion of shared 
linkage among categories should be understood, thus laying a foundation for further research on 
how exemplar-based 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 acquisition. It 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 1970, Goto 1971, 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., Pisoni et al. 1994; Flege et al. 1995), and that non-native 
contrasts that are perceived as similar to native contrasts are easily discriminable (e.g., Best et al. 
1988; Best et al. 2001). While there are several extant models of non-native speech perception 
(e.g., BestÕs Perceptual Assimilation Model; see Best 1994, 1995) and second language 
acquisition (e.g., FlegeÕs 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 relationships 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 I show in this paper, an exemplar-based model of contrast and allophony not only 
captures many of the insights of both BestÕs and FlegeÕs models, but also makes concrete 
predictions about the acquisition of phonological relationships. Specifically, an exemplar-based 
model predicts that both non-native contrastive and non-native allophonic relationships can be 
acquired during the course of second language acquisition. It will be shown that, in accord with 
the predictions of an exemplar-based model, learners of a second language gradually become 
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 definitions of contrast and 
allophony and then describes an exemplar-based 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 allophonic relationships in a second language. 
¤4 and ¤5 present the results of two perception experiments that examine these predictions, and 
¤6 discusses the results of these experiments, comparing an exemplar-based approach to current 
theories of non-native speech perception and second language acquisition. ¤7 presents 
conclusions. 

2. Contrast and Allophony in an Exemplar-Based 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 is, if in at least one phonological 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 predictable. That is, if in all 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] and [! ] are considered contrastive 
because their distribution is not predictable (e.g., there are minimal pairs such as dough [do" ] 

versus though [! o" ]). The sounds [d] and [!], on the other hand, are considered allophonic in 

American English because their distribution is predictable ([!] occurs intervocalically after a 
stressed syllable; [d] occurs elsewhere). Visually, we can represent this traditional understanding 
of the relationships between [d], [!], and [! ] as in Figure 1. Contrastive segments belong to 
separate categories (represented by circles); allophonic segments belong to the same category. 
Members of a category are written in square brackets ([d], [!]); 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 Exemplar-based models 
As mentioned in ¤1, grammar in an exemplar-based 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 space,1 that individual utterances 
(exemplars) are assigned to appropriate locations on that map, and that grammar 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 morphological concept). 
 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 language processing. For example, 
Goldinger (1996, 2000) provided evidence that talker-specific characteristics of heard utterances 
are stored and made use of in later repetition and recognition of the same utterances. If individual 
utterances are not stored in the lexicon, but rather each utterance is interpreted in only a more 
abstract form, such results are extremely difficult to explain, because talker-specific 
characteristics would be normalised and would not be available for later recognition tasks. 
Similarly, 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 for reduction and 

                                                
1 Note that although most exemplar-based models in the literature assume an acoustic map, the basic model is 
certainly compatible with an articulatory-based 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. 

    /d/  
 [d], [!] 

    /! /  
    [! ] 
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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, exemplar-based models have proved useful for speech perception and language 
processing, but it 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 exemplar-based model 
 In order to answer the question posed above, how contrast and allophony are to be 
represented in an exemplar-based model of phonology, we must first understand how categories 
are represented; only then can we understand the relationships among categories. As mentioned 
above, in an exemplar-based model, phonological categories are probability distributions over a 
mental phonetic map. Individual phones such as [d], [!], and [! ] in English ÔexistÕ because 
speakers of English have stored exemplars of these phones in their minds, forming three distinct 
ÔpilesÕ on the exemplar map. Following Johnson (2005) and Boomershine et al. (in press), I 
assume that phonological relationships between categoriesÑ i.e., contrast and allophonyÑ are 
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 (see Figure 1 in ¤2.1). 
 First, consider how a single segmental category would be represented in an exemplar-based 
model. An example of the category [d] is illustrated in Figure 2.  
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Figure 2: An example of a segmental category, [d], and some of the other categories it is 
linked to in an exemplar-based model 

 In this figure, the segmental category [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 are part of the 
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 word ride, which is represented in italics in an 
oval. This lexical category, too, should be interpreted as a label assigned to a set of exemplars 
instantiating the category; i.e., to the entire set of stored tokens of the word ride.  
 Each lexical item is linked to each of its individual segments (though not all of these links 
are shown in Figure 2; for example, the link between the lexical category ride and the segmental 
category [̈] is not illustrated). These lexical categories are also linked to their semantic 
interpretation (in triangles) and their orthographic representation (in parallelograms), 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 use in a given situation; etc.).  
 As suggested in Figure 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. ÔLinked toÕ means that one pile (in this case [d]) has something in common with 
another pile (in this case, a word like ride)Ñ here, because the word ride contains an exemplar of 
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the segment [d]. The word ride, in turn, would be linked to its complete phonetic representation 
([#$%d]), each of its individual segments ([#], [$%], [d]), its semantic representation (ride′), and its 
orthography (<RIDE>). This linkage is transitive; because [d] is linked to ride and ride is linked 
to ride′, for example, [d] is, by transitivity, linked to ride′.  
 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 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] and [!], as illustrated in Figure 

3. Two segmental categories are represented in Figure 3: [d] and [!]. The representation of [d] is 
similar to its representation in Figure 2 (though two of the lexical items have been removed for 
simplicity), and the representation of [!] is analogous: it is linked to lexical items (e.g., rider), 
which in turn are linked to their semantic and orthographic representations. Crucial here, 
however, is the fact that many of the links to [d] and to [!] overlap: that is, both are (at least 
indirectly) linked to the semantic category ride′ and the orthographic category <RID->, and thus 
to each other. Note that this overlap will occur over many different lexical items in American 
EnglishÑ for example, feed contains [d] and feeding contains [!], but they share many other 
phonetic, semantic, and orthographic characteristics, as do nod and nodding, bud and budding, 
and many other pairs of words. Of course, not all words containing [d] are linked to [!] (e.g., 

dough or adopt), and not all words containing [!] are linked to [d] (e.g., writer or water). The 

point here, though, is that there are in fact many links between [d] and [!]; this substantial 
overlap of links between categories is how allophony is encoded in an exemplar-based model. In 
a more traditional analysis, of course, [d] and [!] are indeed considered to be allophones of one 
another; they occur in complementary environments ([d] occurs word-initially, word-finally, and 
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word-medially before a stressed syllable; [!] occurs word-medially after a stressed syllable) and 
are therefore predictably distributed.  
 It should be noted that in Johnson (2005), allophony is described as Ôhigh co-activationÕ 
between categories, rather than as Ômany shared links.Õ This terminology relies on the accessing 
of the system during the course of language use: a category is ÔactivatedÕ when it is accessed 
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 ÔhighÕ co-activation level. Note, however, that it is not the activation 

per se that is crucial for the expression of the phonological relationship; the fact that [d] and [!] 
share a large number of links means that they are allophonic, regardless of whether the system is 
activated at all. 
    
 

 

 

 

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 exemplar-based model. An 
example is given in Figure 4. Once again, the segmental categories are linked to lexical 
categories, which are in turn linked 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 someÑ for example, writhe and ride are each linked to the segments [#] 

and [$%], and the syntactic category Ôverb,Õ etc., so there are some indirect links between their 
other segments as wellÑ but these links are largely limited to coincidence and will not be 
repeated across large numbers of words that contain [d] or [! ]. This lack of shared links (which 
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of course means that, when the system is activated, there will be a low level of co-activation 
between [d] and [! ]) is how contrast is represented in an exemplar-based model. 
 Note that ÔallophonyÕ and ÔcontrastivenessÕ in an exemplar model are not tied to the 
concepts of category membershipÑ for example, it is not the case that [d] and [!] would be put 
into the same mental category once links between them have been established.2 Instead, 
allophony and contrast are essentially two endpoints on a scaleÑ with Ôfew linksÕ at one end of 
the scale and Ômany linksÕ at the otherÑ with no pre-determined ÔnumberÕ of shared links 
necessary to be considered contrastive versus allophonic. That is, in an exemplar-based model, 
the notion of contrast is a gradient one rather than a categorical one. Of course, traditional 
accounts of phonological relationships do not allow for a scalar calculation of contrast and 
allophony: the two are categorically distinct. If, however, exemplar-based models of grammar 
are to be adopted more generally, then it must be acknowledged that this is a way in which 
contrast and allophony 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 than the traditional 
categorical divide between contrast and allophony. For example, Goldsmith (1995) advocates for 
a ÔclineÕ of contrast with at least five different levels of contrastiveness, and Ladd (2006) 
describes a number of cases in which segments seem to exhibit Ôpartial similarityÕ or Ôquasi-
contrast.Õ 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 predicted to occur. A complete picture showing a schematic 
view of both allophony and contrast in an exemplar-based model is shown in Figure 5. 

                                                
2  Note, however, that it would be possible to develop an exemplar-based model of phonology that also involves 
top-down decision-making about category membership. 
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Figure 5: A schematic view of an exemplar-based model of the phonological relationships 
among [d], [! ], and [! ] in American English. 

 Note, too, that this model of contrast and allophony relies only on the number of shared links, 
and not, for example on the notion of complementary distribution. Thus the fact that in English 
[h] and [&] are in complementary distribution will not cause them to be classified as ÔallophonicÕ 
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 struggled to explain the apparent paradox of 
[h] and [&] as both complementary and contrastive (e.g., Janda 1999).  
 Similarly, the fact that [p] and [ph] are in the same complementary distribution as [p] and 
[kh], and yet the two are assigned different phonological relationships ([p] and [ph] are allophonic 
while [p] and [kh] 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] and [kh], like [d] and [! ], share only coincidental phonetic 
relationships because of membership in similar lexical items (e.g., sparrow and Karo, or ride and 
writhe). Thus, [p] and [kh] are appropriately labelled as contrastive. 
 Interestingly, however, the model also predicts that [p] and [ph] in English will fall 
somewhere between clearly contrastive relationships like [d] and [! ] or [h] and [&] on the one 

hand, and clearly allophonic relationships like [d] and [!] on the other. This intermediate 
relationship is the consequence of the fact that [p] and [ph] do not enter into any allophonic 
alternations with each other; words like pique and speak are related to each other only 
phonetically, but not through semantic or morphological relationships. Compared to pairs like [d] 
and [!], then, [p] and [ph] 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 commonÑ namely, 
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orthography. The sounds [p] and [ph] are often spelled using the same character, <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] and [! ], which share only phonetic 
similarities. 

3. Consequences of an exemplar-based model for second language acquisition 

3.1 Learning contrast and allophony 
One of the advantages of exemplar-based models in general is that they present a dynamic 
representation of the grammar: that is, in addition to portraying the way a speakerÕs phonology 
might look at a given point in time, exemplar-based 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 has been done in the domain of 
exemplar-based 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 learner is building a first or second language through the 
accumulation of new exemplars. The rest of this paper will consider how an exemplar-based 
representation of contrast and allophony, as described in ¤2, can inform an understanding of how 
both of these relationships 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 models of non-
native speech perception that can serve as a useful comparison to an exemplar-based approach. 
 Only a subset of the possible phonological differences between two languages will be 
considered here. Specifically, the focus will be on segments that are allophonic 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 non-occurring in the first language (e.g., English speakers learning the Spanish /d/-/r/ 
contrast, or Japanese speakers learning the English /l/-/#/ contrast) will not be addressed here.  
 It should be noted that, in an exemplar-based model, there is no a priori reason 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 exemplar might 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 effects of each 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 Flege et al. (2003). These studies showed that there are in fact 
bidirectional language 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 speakers of either language, 
either because the bilingualÕs categories are intermediate between the monolingualsÕ, or because 
the bilingualÕs seem to have dispersed to preserve contrasts across both languages 
simultaneously. 
 With respect to relationships between sounds where both segments of a pair occur in both 
the L1 and L2, then, an exemplar-based model makes the following two predictions: 
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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 first language 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 contrastive in the L2 (see Figure 4). Although the strong L1 links between the two sounds 
will not be lost in the normal course of events, there will be a smaller proportion of such links. 
That is, there will be more total exemplars of each 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 relative number 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 sounds in the second language will enter into the lexicon and be linked to each 
other, because they are allophonic (see Figure 3). Therefore, there will be a higher percentage of 
links between the two categories than there would be in the first 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 as an L2. As discussed above, in English, the pair [d]/[!] is considered allophonic (cf. 

alternations like ride [#$%d] ~ riding [#$%!%&]), while the pair [d]/[! ] is considered to be contrastive 

(cf. minimal pairs like dough [do" ] vs. though [! o" ]). In Spanish, the opposite relationships hold: 
the pair [d]/[! ] is considered allophonic (cf. donde [donde] ÔwhereÕ ~ de donde [de! onde] Ôfrom 
whereÕ) while the pair [d]/[!] is considered contrastive (although never in minimal pairs, because 

[!] occurs in medial position, in exactly the environment that [! ] appears as an allophone of /d/, 

while [d] appears in initial position). In both languages, [! ] and [!] are members of different 
categories and are thus considered contrastive. These similarities and differences in phonological 
relationships are illustrated in Figure 6, which depicts phonological relationships in terms of 
traditional category memberships. 
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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 English-speaking learner must accomplish two 
changes: the relationship between [d]/[!], which is non-contrastive in the L1, must be relearned 
as contrastive, while the relationship between [d]/[! ], which is contrastive in the L1, must be 
relearned as allophonic. In an exemplar-based model, the L1 starting point (in English) and the 
L2 target (in Spanish) illustrated in Figure 6 are modelled as in Figure 7. The left-hand side of 
Figure 7 is a schematised version of Figure 5. The allophonic relationship between [d] and [!] in 
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] and [! ] and between [!] and [! ] are 
represented by the small number of links between each of these pairs of categories. The right-
hand side of Figure 7 shows the analogous relationships among [d], [!], and [! ] in Spanish; there 
are many words in Spanish that involve alternations between [d] and [! ] (e.g., [donde] ÔwhereÕ ~ 
[de! onde] Ôfrom whereÕ) and thus many links between [d] and [! ], but relatively few between 
either [d] and [!] or between [! ] and [!].  
 
 
        Starting Point (L1 English):       Target (L2 Spanish): 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: English versus Spanish [d], [! ], and [! ] in an exemplar-based model 

    /d/  
 [d], [!] 

    /! /  
    [! ] 

    /d/  
 [d], [! ] 

    /!/  

    [!] 

d !  

!  

d !  

!  
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 These pictures of the Spanish system in Figures 6 and 7 are of course only the target 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 between the 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 exemplar-based model, this gradual L2 learning applies at 
the level of learning phonological 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 languageÑ
as Pierrehumbert (2003a) explains, Ôwith a sufficient level of exposure, a distribution can be 
learned at an arbitrary location on the phonetic mapÕ (132). Pierrehumbert (2003a) describes how 
a first language is acquired by a child in an exemplar-based model: the child starts 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 top-down 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 categoriesÑ
see e.g. Nosofsky 1986, Pisoni et 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 languageÕs phonological categories and boundaries. A similar process 
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 exemplar-based model, however, is that in second 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 the stored memory space and begin to change the number of 
links between categories; this is illustrated in Figure 8. This figure uses the same symbols as 
Figure 5, and in fact includes all of Figure 5 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 in line type 
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 ÔlanguageÕ categories to which English versus Spanish exemplars 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 who is acquiring Spanish as an L2 

 Where the English starting point had many links between [d] and [!], the Spanish exemplars 

of those same categories come from independent words such as [donde] ÔwhereÕ and [ka!a] 
ÔfaceÕ; they do not link to each other (i.e., there are no alternations between the Spanish [d] and 
[!]). In the new (bilingual) exemplar space, the proportion of links between [d] and [!] is reduced 
as compared to the original English starting point; thus, the two sounds move toward the 
ÔcontrastiveÕ 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 speaker of English 
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 [de! onde], which are linked through phonetics, 
semantics, and orthography). The number of links between [d] and [! ] gradually 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 predictions of an exemplar-based model of phonological acquisitionÑ that both L2 
allophonies and L2 contrasts can be gradually learned as a reflection of the changing proportion 
of links between categoriesÑ will be tested in the following sections, using perception 
experiments to evaluate the ÔlearningÕ of phonological relationships. Perception experiments 
were chosen because there is empirical evidence that contrast and allophony have different 
effects on the ways in which pairs of sounds are perceived by speakers of a particular language 
or languages (e.g., Jaeger 1980a, b; Beddor & Strange 1982; Boomershine et al., in press).  
 To see how phonological relationships, as opposed to mere exposure to particular phones, 
can influence perception, consider the example of oral and nasal 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 vowels. Beddor & Strange 
(1982), however, found that when English 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 oral-nasal distinction for vowels categorically, just as they did for 
consonants. The explanation for this difference in perception is that in English, the oral-nasal 
distinction on vowels is allophonic: vowels are nasalised only when adjacent to nasal consonants. 
In Hindi, however, the oral-nasal distinction is contrastive. Thus, the difference 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 contrastive relationships within oneÕs native 
language, there are only a few extant studies. Boomershine et al. (in press) tested the 
discrimination of the pairs of sounds [d]/[!], [d]/[ ! ], and [!]/[ ! ] by American English-speaking 

and Spanish-speaking listeners. As discussed above, in English, the pair [d]/[!] is considered 
allophonic, while the pair [d]/[! ] is considered to be contrastive; in Spanish, the pair [d]/[! ] is 
considered allophonic, while the pair [d]/[!] is considered contrastive. In both languages, [! ] and 

[!] are members of different categories and are thus considered contrastive. Boomershine et al. 
were able to test the effects of native language phonology on perception directly because they 
used stimuli recorded by native speakers of Greek (for whom [d], [!], 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 that either were different repetitions of the same word or were minimal pairs 
contingent on the [d]/[!], the [d]/[! ], or the [! ]/[ !] difference. In the discrimination task, listeners 
had to indicate whether each pair consisted of the ÔsameÕ words or ÔdifferentÕ words, and 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 a five-point scale. In both tasks, 
Boomershine et al. found that native English speakers perceived [d]/[!] as more similar than 

[d]/[ ! ], while native Spanish speakers perceived [d]/[! ] as more similar than [d]/[!], directly 
reflecting the phonological relationships of each pair in the two languages. Unsurprisingly, the 
pair [!]/[ ! ] patterned like the contrastive 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 exemplar-based model for L2 
phonological acquisition, greater perceived similarity should be the consequence 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 of L2 acquisition, 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 perceived as being less similar to each other.  
 The experiments presented in ¤4 and ¤5 were 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 in which the pairs have the opposite phonological relationship as in 
their L1. These experiments examine the perception of [d], [!], and [! ] 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 Spanish speakers with 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] and [! ] should perceive this pair as more 
different than Spanish speakers with only 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] and [!] are 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] and [! ] are allophonic in Spanish 
(have more shared links), they should 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 was to directly test the ability of second language 
learners to perceive non-native 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 given by an exemplar-based model. The 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 experiments, a similarity 
rating task was used to ascertain the perceived similarity between the pairs [d]/[!], [d]/[ ! ], 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 experience 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], [a!a], [a! a], [idi], [i !i], [i ! i], [udu], [u!u], and [u! u]. These tokens were 
produced by two native speakers of Greek, one 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 so are produced 
naturally in this context. Second, using Greek talkers ensured that the acoustics of the stimuli 
would be equally ÔforeignÕ to both the native Spanish-speaking listeners who participated in 
Experiment 1 and the native English-speaking listeners who participated in Experiment 2. Based 
on the results of experiments presented in Boomershine et al. (in press), who compared the 
perception of Greek- and English-produced stimuli of this type by both English- and Spanish-
speaking listeners, it is reasonable to assume that the Greek stimuli would be perceived as 
acceptable tokens of the English and Spanish categories /d/, /!/, and /! /. The results from 

Boomershine et al. indicated that the English listeners perceived the Greek pair [d]/[!] as 

allophonic, and the Greek pairs [d]/[! ] and [!]/[ ! ] as contrastive, just as they would English pairs, 
while the Spanish listeners perceived the Greek pair [d]/[! ] as 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 a head-mounted 
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 to produce equal 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 subjective judgments 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 Spanish-speaking 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 
ÔbeginningÕ English learners and had a self-rated ability in English of 2.1 on a scale of 0 (non-
speaker) to 7 (native fluency). These beginning English learners were students, 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 ÔadvancedÕ English learners and had a self-rated 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.3 Participants received $10.00 (or the equivalent in local currency) as 
compensation. 

4.1.3 Procedure 
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 stimuli in each 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 emphasizing phonological rather than phonetic relationships. The 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 consonant (e.g., 
[ada] . . . [ada]); others represented examples of different medial consonants (e.g., [ada] . . . [a! a] 
                                                
3 The means given for the second, ÔadvancedÕ group exclude one participant who was 52 years of age and had lived 
in the United States for 24 years. 
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or [ada] . . . [a!a]). After hearing the pair of stimuli, listeners were asked to judge how similar the 
ÔwordsÕ in each pair were on a scale of 1Ð5, where 1 was Ôvery similarÕ and 5 was Ôvery 
different.Õ Participants logged their responses using a five-button response box connected to a PC 
running E-Prime 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 was logged, the next pair was presented after two seconds. 
Participants received no feedback in this experiment, as there were no ÔcorrectÕ or ÔincorrectÕ 
answers; other than the initial instructions and indications of breaks between blocks on the 
computer screen, and the labels on the button box, they were given no visual information during 
the experiment. 
 Because there was no concern about participantsÕ having an advantage at guessing the 
ÔcorrectÕ response, two repetitions of each possible stimulus pairing were used, rather than 
having an equal number of trials with the same medial consonant and with different medial 
consonants. There were 72 ÔsameÕ trials (3 consonants x 3 vowels x 2 talkers x 2 recordings of 
each stimulus x 2 repetitions of each pair = 72) and 288 ÔdifferentÕ trials (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 results, the rating scores for each listener were normalised to 
compensate for differences in use of the 5-point scale (e.g. avoiding use of the endpoints, etc.). 
The scores were normalised using a z-score transformation, such that each listenerÕs scores were 
centered around zero, with scores above zero indicating Ômore differentÕ and scores below zero 
indicating Ômore similar.Õ4 The normalised results with their 95% confidence intervals are shown 
in Figure 9. In this figure, each pair of columns represents one of the three stimuli pairs, and the 
normalised responses are along the y-axis, with Ômore differentÕ appearing toward the top of the 
graph and Ômore similarÕ toward the bottom. The two columns for each pair represent the two 
listener groups: the left-hand columns represent the participants who were beginning English 
learners, and the right-hand columns those who were advanced English learners.  
 

                                                
4 Note that only the results from the ÔdifferentÕ pairs (e.g. [d]/[! ]) are reported here, not the results from the ÔsameÕ 
pairs (e.g. [d]/[d]). The z-scores presented in Figure 9 therefore are largely positive, because they reflect ÔdifferentÕ 
judgments, while the z-scores to the ÔsameÕ pairs are all negative. The scores for the ÔsameÕ pairs 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 each pair for the two 
groups of native Spanish-speaking listeners learning English in the rating task in 
Experiment 1. The vertical axis represents average normalised rating score, with Ômore 
differentÕ toward the top of the graph and Ômore similarÕ toward the bottom.  

A repeated measures ANOVA with factors listener group and consonant pair revealed that there 
was no significant main effect of listener group [F(1,42)=1.52, n.s.]; that is, overall, the native 
Spanish speakers responded the same way, regardless of how 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 post hoc t-tests were run to examine 
the main effect of pair. Throughout the paper, these t-tests were either standard t-tests if the 
variances of the pairwise comparison groups were the same according to an F test comparing 
variances, or conservative WelchÕs t-tests if the variances were found to be unequal. The alpha 
values for determining significance (α = 0.05) were subjected to Bonferroni corrections for 
multiple comparisons. Paired t-tests indicated that the main effect of pair in Experiment 1 
followed the predictions of the phonological relationships in Spanish: the pair [d]/[! ] was rated 
as more similar than either [d]/[!] [t(16) = 3.396; p < 0.01] or [!]/[ ! ] [t(16) = 3.44; p < 0.01]; 

there was no difference between the ratings of [d]/[!] and [!]/[ ! ] [t(16) = 1.54; n.s.]. 
 There was also no significant pair by group interaction [F(2, 42) = 0.85, n.s.]. For each pair, 
there was a tendency for the advanced English learners to rate the pair as being Ômore differentÕ 
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 indicate that, although the native Spanish-speaking 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 
perceive the 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 between non-native contrasts (e.g., 
Pisoni et al. 1994; Flege et al. 1995; Flege & Liu 2001). There is also no support for the 
hypothesis that learning an L2 allophony increases the  perceived similarity between pairs that 
instantiate a non-native allophonic relationship, or the prediction of an exemplar-based model 
that the presence of L2 exemplars will automatically change the grammar of the learner. These 
surprising results may, however, be a result of the 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 of participants about which language is being targeted can affect how 
participants respond to experimental stimuli. Thus, the Spanish-speaking participants in this 
experiment may have been consciously responding to the stimuli using their native Spanish 
phonology, masking the influence of stored English exemplars on their perception. In 
Experiment 2, this problem was addressed by focusing the participantsÕ attention on their L2, 
though the L1 and L2 of the participants in Experiment 2 was the reverse of those in Experiment 
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, the native 
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, participantsÕ attention was focused on the fact that they were 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 Spanish participated in this 
experiment. As in Experiment 1, participants were asked to rate their L2 ability using a scale 
from 0 to 7, where 0 denoted no experience and 7 denoted a native or native-like L2 ability. The 
participants, who were students, faculty, or friends of students at the Ohio State University or the 
University of North Carolina-Wilmington, 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 environment. ÔBeginningÕ Spanish learners (N=10; 8 females, 2 males; mean age = 
20.2) had an average self-rating of 1.6, and had spent no time living in a Spanish-speaking 
country. ÔIntermediateÕ Spanish learners (N=14; 10 females, 4 males; mean age = 21) had an 
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average self-rating of 4.8 in Spanish and had spent an average of 3 months living in a Spanish-
speaking country. ÔAdvancedÕ Spanish learners (N=9; 4 females, 5 males; mean age = 25) had an 
average self-rating of 6.3 in Spanish and had spent an average of 10.3 months living in a 
Spanish-speaking country. Thus the beginning and advanced groups in Experiment 2 were more 
extreme beginners or more proficient L2-speakers as compared to their counterparts in 
Experiment 1; this was done to help tease apart any more fine-grained differences across learning 
levels than might be evident from a binary distinction between ÔbeginningÕ and ÔadvancedÕ 
learners. 
 Participants in this experiment were recruited from Spanish classes or the Department of 
Spanish and Portuguese at their respective 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. Beginning 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 results reported for Experiment 1, the rating scores for each listener were 
normalised using a standard z-score normalisation to compensate for differences in use of the 5-
point scale. Hence scores above zero indicate Ômore differentÕ and scores below zero indicate 
Ômore similar.Õ The normalised results for each pair with their 95% confidence intervals are 
shown in Figure 10.  
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Figure 10: Average rating scores and 95% confidence intervals for each pair and each 
group of native English-speaking listeners learning Spanish in the rating task in 
Experiment 2. The vertical axis represents average normalised rating score, with Ômore 
differentÕ toward the top of the graph and Ômore similarÕ toward 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 group [F(2,28) = 0.53, n.s.] (there was 
no overall difference in rating scores across listeners groups), but that there was a significant 
main effect of pair [F(2,56) = 4.12, p < 0.05]. Paired post hoc t-tests indicated that native English 
speakers as a whole rated [d]/[ !] as significantly more similar than [!]/[ ! ] (t(30) = 2.68, p < 

0.017). There was no significant difference in the ratings of the pairs [d]/[! ] and [!]/[ ! ] (t(30) = 

1.08; n.s.) or in the ratings of the pairs [d]/[!] 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 pairs, [!]/[ ! ], 
and the contrastive pairs were not significantly different from each other.  
 Although it is somewhat surprising at first glance that the allophonic pair [d]/[!] was not 
rated as being more similar than the other contrastive pair, [d]/[! ], it is important to remember 
that these comparisons were computed over all three groups of listeners combined, and the 
pattern across listener groups for [d]/[!] is almost the opposite of that for [d]/[! ], as can be seen 
in Figure 10: that is, there is a steady increase 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 also a significant pair by group interaction [F(4, 56) = 2.47, 
p = 0.05]: the mean response to each pair was dependent on listener 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. Post-hoc t-tests allow us to examine how each 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 the allophonic pair [d]/[!] 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 have a p-value 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 were quite clear, and the existence of a significant interaction indicates 
that they are interpretable, if with some caution. The pair [d]/[!], which 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 advanced 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 pair [!]/[ ! ], 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 a standard analysis of English phonology, and had a tendency to rate the 
allophonic pair [d]/[!] as more similar than either of the constrastive pairs [d]/[! ] or  [!]/[ ! ]. The 
other two groups showed no tendency to follow either the native English phonological pattern 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 each pair of stimuli across the two experiments. Such 
comparisons give insight into what it means to be an ÔadvancedÕ speaker of a second language: 
do advanced speakers of an L2 pattern like near-monolingual speakers of the L2? A repeated 
measures ANOVA across the two 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 < 0.01] and a 
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 comparison t-tests were 
run to test specific hypotheses about the ratings of pairs across languages. Only the pairs [d]/[ !] 
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and [d]/[! ] were compared, as there was no prediction that the pair [!]/[ ! ] would vary across 
language groups. The Bonferroni-corrected alpha value for significance was thus 0.00625. 
 First, the beginning L2 learners of each language were compared to establish a baseline of 
perceived similarity for speakers with limited L2 proficiency (Ônear-monolingualsÕ). There was a 
non-significant trend for native English-speaking listeners with a beginning level of Spanish to 
rate the pair [d]/[!] as being more similar than did native Spanish-speaking listeners with a 
beginning level of English [t(18) = 2.18, p = 0.04], while the native English speakers rated the 
pair [d]/[! ] as significantly more different than the native Spanish speakers [t(9.7) = 4.19, 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 [d]/[! ] is contrastive in English 
but allophonic in Spanish. 
 Next, the advanced L2 learners of each language were compared with the near-monolingual 
speakers of their L2 to determine whether being an advanced speaker results in native-like 
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 Spanish speakers were 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 speakers 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]/[!]: t(12.23) = 0.46; n.s.; [d]/[! ]: t(15) = 1.93; n.s.). Thus, advanced 
learners of Spanish patterned very similarly to near-monolingual Spanish speakers; their 
perception 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 non-contrastive in the L1 and contrastive in the L2 can be learned to 
be differentiated as being Ômore different,Õ and on the other, pairs that are contrastive in the L1 
but non-contrastive in the L2 can be learned to be treated as Ômore similar.Õ The native English 
speakers learning Spanish appear to have learned that [d] and [!] can be considered contrastive 
(as evidenced 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] and [! ] can be considered 
allophonic (as evidenced by the rating of this pair as more and more similar given more and 
more expertise with Spanish). Not 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 Spanish-like perception, but they also did not 
differ significantly from native near-monolingual Spanish speakers, indicating that they had 
achieved native-like perception of the similarity of these pairs. It is clear that increased exposure 
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to L2 categories can both 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 pair [ ! ] /[ ! ]  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 in fact, [ !]  and 

[ ! ]  are contrastive on the surface in both Spanish (e.g. [ka!a] cara ÔfaceÕ vs. [ka!a] cada ÔallÕ) 

and English (e.g. [f$!' ] fodder vs. [f$! ' ] father). In other words, for this pair, experience in the 
second language only serves to reinforce the surface 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 exemplar-based model 
Recall from ¤3.1 the two predictions of an exemplar-based 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 the second 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 exemplar-based 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 links 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 allophonic in an L2. 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 of Spanish and those with an advanced level of Spanish. 
This finding further supports the claim of an exemplar-based 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 have intermediate 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, listenersÕ attention must be focused to the second language. 
This finding that attention matters was not originally predicted by the exemplar-based model, but 
is not inconsistent with itÑ selectional attention could be incoporated into an exemplar-based 
model of speech perception, but the details of how this should be done will be left for future 
research. 
 An exemplar-based 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 language acquisition. The next section outlines two of 
the most commonly cited models and explains how an exemplar-based model of phonology not 
only incorporates the insights of these models but provides a more explicit account of the 
acquisition of both non-native contrasts and non-native allophonies. 

6.2 Current models of speech perception 
Two current models will be examined here, BestÕs Perceptual Assimilation Model (PAM; see 
Best 1994, 1995) and FlegeÕs Speech Learning Model (SLM; see Flege 1995). KuhlÕs Native 
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 
questions under investigation here are instead focused on the perception of a second language by 
adults who have already mastered a first language. While 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 that, given Ôextensive training,Õ adults can overcome 
magnet effects caused by their L1 (142)Ñ thus, while the role of L1 perceptual magnet effects on 
the perception of L2 phonological relationships merits further investigation, it will not be 
addressed here.  

6.2.1 BestÕs Perceptual Assimilation Model 
BestÕs Perceptual Assimilation Model (PAM) is concerned with the particular ways in which 
non-native segments, and in particular, pairs of segments, are perceived relative to the first-
language phonological system. The 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 /l/ and /#/); or it can be perceived as 

not being an example of anything similar to the native language categories (e.g., a Zulu [( ] 
would be perceived as non-speech 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 non-native speakers. That is, the PAM describes not just 
phonetic perception but also phonological perception, addressing issues such as how non-native 
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 of Ôgoodness of fitÕ to that category, 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. Most discussions of the PAM focus on how pairs of incoming sounds that are 
contrastive in the non-native language are mapped onto the native phonological system of the 
listener. Of course, a listener has no way of knowing what the phonological relationship between 
a pair of incoming sounds is in the non-native language (see, e.g., Best & Tyler 2007). 
Presumably, therefore, the same possible outcomes hold for non-native contrastive and 
allophonic pairs of sounds: they can be mapped to the same native category, or to different native 
categories, etc. Just as the PAM predicts that listeners should have difficulty judging non-native 
contrasts that are mapped to a single native category as being different, it should also predict that 
listeners have difficulty judging non-native allophonic relationships that are mapped to two 
different native categories as being similar. 
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 The PAM is a model only of non-native speech perception, however; it is not a model of 
second language acquisition; that is, it focuses on the perception of a phone with respect to the 
listenerÕs 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, as a non-native 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 FlegeÕs Speech Learning Model 
FlegeÕs Speech Learning Model (SLM) is a more general model of second language learning 
rather than a model of non-native speech perception like the PAM. It does, however, include 
several hypotheses about how L2 speech perception functions. One of the hypotheses that 
comprises the SLM is that Ô[s]ounds in the L1 and L2 are related perceptually to one another at a 
position-sensitive allophonic level, rather than at a more abstract phonemic levelÕ (Flege 1995, 
239). FlegeÕs use of the term Ôallophonic,Õ however, is simply to indicate 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 on phonetic categories rather than on phonological ones, and the 
SLM (unlike the PAM) says nothing about phonological 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 acquisition device 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 production targets 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 hypotheses of the SLM that are concerned with the perception of 
phonetic categories deal exclusively with an L2 learnerÕs ability to notice phonetic differences. 
Specifically, the SLM claims that new phonetic categories will be established if the phonetic 
differences 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 new phonological 
differencesÑ i.e., contrastsÑ 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 distinguished in the native language as 
distinct in the second language; it is less clear what the prediction is for an L2 learner who needs 
to re-analyse two categories from the native language as being a single category in the second 
language (or, in exemplar terms, reanalyse two highly distinct categories from the native 
language as being relatively similar in the second language). In summary, then, the current 
models of second language speech perception and acquisition do not make clear predictions 
about how the perception of phonological relationships will change over time. While it is clear 
that non-native contrasts can be learned in some cases, neither the PAM nor the SLM makes 
explicit claims about whether non-native allophonic relationships can also be acquired.  
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6.2.3 An exemplar-based model of second language acquisition 
As was described in ¤3, an exemplar-based model of phonology naturally lends itself to being a 
model of language acquisition. The current section illustrates how many of the insights of both 
the PAM and the SLM can be imported into an exemplar-based model.  
 Consider first the key ideas of the PAM, which is a model of how incoming sounds are 
categorised with respect to a listenerÕs existing phonology. It is assumed in exemplar models that 
incoming exemplars are classified onto the existing mental map using some sort of similarity 
matching mechanism (see, for example, Pierrehumbert (2002), which provides an equation for 
assigning an incoming exemplar to a place on the mental map based on a number of 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 non-native contrast between a pair of sounds is dependent on 
the mapping of each of the individual phones within that pair to pre-existing categories.  
 An exemplar model, however, goes beyond the description of how at any static moment 
new stimuli are perceived, and instead is in fact a dynamic implementation of a PAM-like 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 the insights of the PAM, it can be used to implement many of the complementary 
insights of FlegeÕs SLM. 
 In an exemplar model as described above, assuming that language acquisition proceeds as 
normal from infancy onwards, there is no a priori age at which the nature of language learning is 
predicted to change. That is, without making further modifications to the model, it is assumed 
that all new utterances that are encounteredÑ regardless of how old one isÑ are stored in the 
lexicon and available for influencing the 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 less of an 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 previously encountered. 
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 is a unitary spaceÑ all exemplars of all utterances are 
assumed to be stored on the same map. Consequently, exemplars of a second language are stored 
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 exemplar-based model. 
Furthermore, the SLM also entails that the L2 will affect L1 categories. This effect, too, is 
inherent in an exemplar-based 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 think that exemplar-based models provide useful 
insights into the mechanics of speech perception and sound change, and more and more linguists 
are exploring how an exemplar-based model of phonology might be applied to classical 
phonological analysis, it is useful to have 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. 
 Furthermore, the dynamic nature of an exemplar-based 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 languageÑ namely, that both relationships can be 
learned given enough exposure to the L2Ñ and 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, however, suggest 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 exemplar-based model can be seen as an implementation of 
the characteristics that FlegeÕs 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 questions about the details of doing exemplar-based phonology, there are also many 
reasons to think that an exemplar-based approach will be an extremely beneficial line of 
research. 
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