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ABSTRACT 

The research detailed in this thesis seeks to address two long standing questions in 

the field of L2 acquisition: the question of whether new structure can be acquired in a 

second language, and the question of how to account formally for the degree of difficulty 

of any new structure. With respect to the acquisition of segmental phonology, two 

existing proposals account for observed acquisition patterns by making reference to 

phonological features. These proposals are tested empirically using event-related 

potentials in order to assess and compare the neural activity elicited by native and non-

native sounds among monolinguals, and L2 learners at various stages of acquisition. The 

results indicate that while young children with sufficient L2 exposure may acquire new 

features, adults cannot, regardless of the duration of L2 study; they do, however, show 

neural evidence of improving their perceptual abilities with respect to new L2 segments 

as proficiency improves. 
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Chapter 1 

A new approach in assessing L2 phonological acquisition 

1.1. The challenge of new languages 

Learning a language is much like piecing together a large, complex puzzle: language is a 

rule-governed, structured system composed of several subsystems - phonology, 

morphology, semantics, and syntax, each of which has its own structure and subdivisions. 

For successful language acquisition, then, the learner needs to identify all the rules and 

build appropriate mental representations for all the structures in this very complex 

system. Further complicating the task of language acquisition is the fact that the input 

available to the learner is in the form of continuous acoustic strings. There are no overt 

acoustic markers to indicate the boundaries of those units that are meaningful in 

analyzing and processing a given utterance, and the associations between sound and 

meaning are arbitrary: there is nothing in the phonetic form of the sentence The cheese 

stands alone that serves to inform that cheese is a noun referring to a solid dairy product, 

while the larger segment The cheese is a noun phrase functioning as the subject of the 

sentence. The learner hears a continuous sequence of speech sounds and must properly 

segment it into appropriate chunks. The enormity of the task of language acquisition 

becomes clear when we consider the outcome of adult second language (L2) acquisition. 

Unlike first language (Ll) learners, who uniformly attain a native level of 

proficiency, meaning that they are able to understand and produce an infinite number of 

Ll sentences, L2 learners display a great deal of variability in proficiency levels in their 

endpoint grammars; in fact, most do not achieve native-like proficiency in their second 
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language (Bley-Vroman 1989). This situation arises in spite of the fact that L2 learners 

appear to have an advantage over Li learners in approaching the task at hand in that 

many are explicitly taught about the rules and structures of the new language through 

classroom instruction, whereas infants learning a first language do not receive any such 

explicit training. Furthermore, some of the structures that are used in the learner's Li 

may also be found in his L2, thus providing L2 learners with an additional jump-start in 

assigning structural representations to the acoustic input. Despite these apparent 

advantages, the success rate for L2 acquisition is considerably lower than that of Li 

acquisition. This fact has led Bley-Vroman (1989) to propose the Fundamental 

Difference Hypothesis (FDH): second language acquisition is a process that is 

fundamentally different from first language acquisition, in that the latter is a specialized 

kind of learning, while the former operates much like other types of general learning. 

The variable outcome of L2 acquisition suggests a link to other things that are learned 

with varying outcomes, such as learning how to play chess, or perform mathematical 

operations. He argues that the greater variation among second language learners, with 

respect to both developmental paths and success of outcome, suggests that they are using 

varying strategies in their approach to the second language. According to the FDH, 

adults acquiring a second language differ from children acquiring a first language along 

two dimensions: they differ in their assumptions of what a possible grammar is, and they 

differ in their learning procedure, which allows them to arrive at a grammar based on the 

available data (Bley-Vroman 1989: 51). For children, Universal Grammar (UG) defines 

possible grammars, and domain-specific learning procedures enable them to arrive at 
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native competence. For adults, the grammar of the first language defines possible 

grammars, and general problem-solving systems enable them to construct the second 

language grammar. Hence the reason that second language acquisition has such variable 

outcomes is due to the fact that these learners are more constrained in what they can 

acquire, and they are forced to resort to general learning methods in acquisition, where 

not all individuals are equally skilled. 

White (1989, 2003) is a proponent of the opposite approach to L2 acquisition. 

She argues that while it may appear attractive to assume that L2 acquisition operates in a 

fundamentally different way than Li acquisition, to do so would leave us with some 

important questions unanswered. Namely, we would need to find a way to account for 

the fact that interlanguages, which are the intermediate grammars that L2 learners 

establish and build upon as acquisition proceeds, appear to obey principles of UG. 

Indeed, if we consider that UG still operates beyond first language acquisition, a number 

of possibilities present themselves for its precise role: is UG fully available? Is only that 

portion that is active in the first language accessible? These two possibilities predict 

different outcomes: the first predicts that second language acquisition should proceed 

much like, if not in exactly the same fashion as first language acquisition, whereas the 

second predicts that native-like achievement in a second language should be restricted to 

those areas for which appropriate components of UG have been activated for the first 

language. 

We must acknowledge that there is a difference between first and second 

language acquisition, though the precise nature and magnitude of this difference has yet 
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to be determined. Importantly, L2 learners differ from Li learners in that the former 

have at their disposal a complete Li grammar. Analysis of L2 learner errors reveals 

negative transfer of Li structures that are inappropriate to the L2 phenomenon being 

acquired in all domains of language: we find sound substitutions, inappropriate affix 

placement, incorrect word orderings, and errors with respect to vocabulary usage. Yet 

some aspects of the L2 are acquired with great ease, resulting in very few errors. This 

suggests that some parts of a second language are harder to learn than others, thereby 

raising the question: what formally determines that which will be easy to learn and that 

which will be difficult? 

Broadly speaking, these are indeed the major questions of L2 acquisition that this 

thesis seeks to address: how does L2 acquisition proceed, and what is the relationship 

between the Li grammar and the developing L2 grammar? The discussion and data 

presented here pertain to the acquisition of segmental phonology; that is, we will be 

looking at how new sounds are learned in a second language. Before moving into a 

discussion of our experimental research and results, we must first establish a place for 

this work in the existing literature by providing an overview of previous research on the 

acquisition of both Li and L2 segmental phonology, along with some background 

information about our chosen research paradigm. Section 1.2 outlines previous work 

examining the role of the Li grammar in the perception of non-native speech segments 

and L2 phonological acquisition. Section 1.3 presents our assumptions about 

phonological representations and the models of Li interference that will be tested in the 

experimental portion of the thesis. Section 1.4 discusses the segments examined here and 
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presents the hypothesis that drives our empirical investigation. Section 1.5 details some 

recent work in the field of electrophysiology which allowed us to devise the innovative 

tests reported in subsequent chapters of this thesis. 

1.2. Previous approaches to the role of the Li in perception and L2 phonological 
acquisition 

Following rationalist theories of mind and learning (Chomsky 1965), we assume here that 

all infants are born with some innate linguistic knowledge, or UG: they are born knowing 

that languages make use of structure in representation, and that these structures are 

limited in the variety of forms available. What they need to acquire, then, are the 

particular structures required by the ambient language in their environment. Indeed, a 

number of studies of infants' perceptual abilities indicate that all infants are born with the 

ability to perceive all possible segmental contrasts found in human languages, for both 

consonants and vowels, as any number of these may prove to be required by the 

phonological system of the ambient language (see Jusczyk 1997 for an overview). The 

results indicate that while 4-month old infants are able to discriminate all contrasts, this 

ability undergoes serious decline: by the age of 6 months, infants are only able to 

discriminate Li vowel contrasts (Polka and Werker 1994), and by the age of 10 months, 

they are only able to discriminate among Li consonant contrasts (Jusczyk 1997). That is, 

while still in infancy children develop a sensitivity to the phonemic distinctions of the Li. 

Thus, by the time a child has reached her first birthday, she has already sorted out 

which acoustic cues could potentially signal something meaningful in the speech stream, 

and which ones are to be attributed in perception to speaker variation (such as acoustic 
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differences arising from age and sex of the speaker, the context) or allophony. This is 

clearly demonstrated through categorical perception, evidenced by infants as well as by 

adults: individual speech sounds are sorted into categories in such a way that two tokens 

belonging to the same category tend to be identified as identical sounds (or, two tokens of 

a single phoneme), whereas two tokens belonging to different categories are identified as 

different sounds (or, tokens of two separate phonemes) (Best 1995). The speech stream 

is thus filtered and segments are identified in accordance with the phonemic inventory of 

the language being acquired; individual phonetic tokens are grouped into categories that 

correspond to phonemes. As a consequence, performance on tasks that involve making 

distinctions between sounds belonging to the same category undergo the observed decline 

described above (Jusczyk 1997). 

A study by Werker and Tees (1984) demonstrates that the effects of categorical 

perception not only persist through adulthood, but they are also language specific; that is, 

the inability of native English speakers to discriminate various non-native contrasts is not 

due to a more general inability to discriminate between different types of sounds, but 

rather due to the fact that the two sounds are grouped into the same single phonemic 

category in English. This was examined in testing the perceptual abilities of adult native 

English speakers on two non-native contrasts: a dental vs. retroflex stop contrast (such as 

the It! vs. I/ contrast found in Hindi), and a plain vs. ejective stop contrast (such as the 1k! 

vs. Ik'I contrast found in Thompson). They found that while their subjects performed 

poorly on the non-native contrasts in nonsense syllables, performance increased 

dramatically when the syllables were truncated so that the resulting test sounds were a 
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series of clicks and noise bursts, and no longer resembled human language. These 

findings strongly suggest that categorical perception and decreased abilities on within-

category discrimination are not the result of general inexperience with various types of 

sounds. Rather, when it comes to language, we are biased in that we experience any and 

all speech input in terms of our Li phonemes. 

Brown (1997) proposes a model to account for categorical perception in an 

approach that views this phenomenon as the mapping of the acoustic speech stream into 

phonemes. This is schematized in Figure 1.1 below, comparing mapping of speech 

segments into phonemes of English and Hindi (Brown 1997: 146). 

Figure 1.1. Brown's model of acoustic-to-phoneme mapping 

English Hindi 

phonemic categories 

phonological structure 

phonetic categories 

acoustic signal 

It! it! 

Coronal retroflex 

[t] [t] 

Under this view, phonetic categories are identified in the acoustic input and then mapped 

onto phonemic categories in accordance with available phonological structure. Given the 

same acoustic input and phonetic categories, then, native English speakers will map these 

onto a single phonological representation, resulting in the perception of one phonemic 

category in the input. Native Hindi speakers, on the other hand, will map these onto two 
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distinct phonological representations, thereby allowing them to perceive two phonemic 

categories in the input. 

Given that categorical perception of speech sounds is observed both in young 

children as well as adults, as previous work indicates, then the identification of Li 

phonemes must have a significant impact on L2 phonological acquisition. The diagrams 

given in Figure 1.1 above suggest that a native speaker of English acquiring L2 Hindi 

would not be able to perceive the It! vs. It, distinction, as the corresponding phonetic 

categories [t] and [tj extracted from the acoustic signal would be funneled into a single 

Li phonemic category. Indeed, L2 learners are often observed to struggle with both the 

perception (Yamada 1995, Matthews 1997, Brown 2000) and production (Han 1992, Mali 

2002) of novel sound contrasts, but recall from discussion above that not all that is new in 

the L2 is equally hard for learners. With respect to segmental phonology, the finding is 

that not all new sounds are equally hard. A classic example of this finding is found in Li 

Japanese L2 English learners: while these individuals have little or no difficulty in 

distinguishing some English contrasts, such as /b/ vs. lvi, they are considerably worse at 

distinguishing other contrasts, such as Ill vs. /1/ (Brown 2000, Matthews 1997). Early 

work examining Li transfer patterns led to the formulation of Contrastive Analysis (Lado 

1957) as a predictive and explanatory tool for L2 acquisition: the structures of both the 

first and second languages were compared and contrasted, and the prediction was that 

those L2 structures which were similar to existing Li structures would be easy to learn, 

whereas those that were different would be harder. Essentially, those structures that 
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could not be transferred to the developing L2 grammar from the Li, and were thus 

"new", would present difficulty to learners. In the case of segmental acquisition, the 

phonemic inventories of the Li and L2 were compared, and those L2 segments that did 

have a sufficiently similar counterpart in the Li inventory were considered more difficult 

to acquire. To return to our Li Japanese L2 English example, English ipi vs. /b/ is easy 

to acquire since both phonemes are also phonemes in Japanese. English /1/ vs. iii is 

difficult because Japanese only has one liquid phoneme in its inventory (see Mah 2002). 

Contrastive Analysis was heavily criticized, however, as researchers began to find that 

not all that was new seemed to be hard for L2 learners, and not all that was hard seemed 

to be equally hard (see Major 2001 for a review). Again returning to our Li Japanese L2 

English learner, a Contrastive Analysis approach predicts that English fbi vs. /v/, is! vs. 

/0/, and /1/ vs. iii should all be (equally) difficult, yet studies have shown that fbi vs. /v/ 

presents little difficulty, is! vs. /0/ is more difficult, and IL/ vs. iii is the most difficult1 

(Brown 2000, Matthews 1997). It would appear, then, that Li transfer alone cannot 

account for the observed patterns in L2 segmental acquisition. 

Flege (1995) proposes the Speech Learning Model (SLM) to account for Li 

interference effects. The SLM is primarily concerned with the effect speech perception 

has on phonological acquisition. In this approach, a mechanism of equivalence 

classification identifies L2 segments as either "similar" or "different" and is thus 

responsible for L2 learners' difficulties with new L2 phonemes. In this approach, the 

'Although the difference in performance on perception tests between Is! vs. /0/ and /1/ vs. hi for these 
speakers does not reach statistical significance (Matthews 1997). 
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notion of "category" applies to a level of representation that is more abstract than that of 

phonetic categories, but not as abstract as phonemic categories. In order for the learner to 

establish separate categories for two L2 phonemes, he must first detect the phonetic 

difference between the two. If both segments under consideration can be assigned to a 

single existing Li category, they will be deemed to be equivalent ("similar"), or two 

tokens of a single phoneme, and no new category will be formed. On the other hand, if a 

new L2 segment cannot be assigned to any existing Li category, its phonetic difference 

from existing categories will be detected ("different"), and an appropriate new category 

can be built. 

Work by Major and Kim (1996) on their Similarity Differential Rate Hypothesis 

(SDRH) builds on Flege's (1995) SLM, but with a focus on the rate of acquisition of L2 

segments. In this approach, "similarity" and "difference" are determined with respect to 

the allophonic inventory of the Li, such that L2 segments that are phonetically present in 

the Li will be considered as being "similar", whereas those that never surface in the Li 

will be considered as being "different". Data was gathered from Li Korean L2 English 

speakers on a series of production tasks with respect to the English segments /d31 and /z/: 

[d3] is classed as a "similar" L2 segment because it occurs in Korean as an allophone of 

/t$!, whereas [z] is classed as a "different" L2 segment because it never occurs in Korean. 

Their results showed that L2 learners improve at a faster rate on segments that are 

different from existing Li sounds, whereas improvement is slower on segments that are 

similar to existing Li sounds. Initial performance was shown to be better on similar 
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segments. Furthermore, their study found that the markedness of the segments in 

question play a role, where markedness is defined as follows: "A phenomenon A in some 

language is more marked than B if the presence of A in a language implies the presence 

of B; but the presence of B does not imply the presence of A." (Eckman 1987). Thus, 

[d3] is more marked than [z] as affricates are more marked than fricatives (Major and 

Kim 1996); languages whose segmental phonemic inventories contain affricates will also 

contain fricatives, but we do not find any languages that contain only affricates and no 

fricatives. We do, however, find languages that contain only fricatives and no affricates, 

such as French (Walker 2001). Markedness, then, influences the rate of acquisition in 

such a way that increased markedness of a given segment decreases the rate of 

acquisition for that segment. In other words, for equal degrees of similarity or difference, 

it takes L2 learners longer to master more marked segments. 

One problem common to both the SLM and the SDRH lies in the fact that both 

approaches make crucial reference to notions of similarity and difference of segments, 

yet these notions are either poorly defined (SLM) or the proposed definition cannot be 

supported empirically (SDRH). For Flege (1995), similarity seems to be determined on 

the basis of ]IPA transcription: those sounds which are transcribed using very similar-

looking symbols are similar (i.e., [k] and [k] are similar whereas [k] and [g] are not). 

For Major and Kim (1996), similarity seems to be determined on the basis of Li 

allophones, yet Brown (2000) shows that this definition cannot be maintained: Korean 

contains two phonetic liquid segments ([1] and [r]), yet Li Korean L2 English speakers 

are unable to acquire a phonemic distinction between /11 and Iii. 



12 

A common theme to the approaches to Li phonological interference discussed 

thus far is that they all make reference to the segmental level of representation of speech 

sounds: that is, each segment is an indivisible whole in its interaction with other 

segments. Given that some form of inadequacy has been identified for each approach 

considered thus far, it may be the case that the segmental level is inappropriate for 

developing an account of Li phonological interference. Phonological theory supplies us 

with a number of representational levels that can be called upon to account for various 

phenomena, and we now turn our discussion to models of Li phonological interference 

that appear more promising in that they find more empirical support: feature-level 

models. 

1.3. Feature Geometry and Li phonological interference 

We will be assuming a model of Feature Geometry for the representations of phonemes, 

where the phonological features of a given segment are organized into a hierarchical tree 

structure. Rice and Avery (1995) show that such a model provides an elegant account for 

the patterns observed in the Li acquisition of segmental phonology. The claim is that 

infants begin with very minimal feature geometry trees, and as acquisition proceeds, 

additional structure is added, thus allowing for representation of phonemic contrasts. 

This is illustrated in Figures 1.2 and 1.3 below (Rice and Avery 1995: 40). The appeal of 

such an approach lies in the fact that it captures both local variation and global uniformity 

in Li segmental acquisition: children may vary in the order in which they add on to the 

feature geometry tree, but they all show evidence of being restricted in the ways that they 

are able to add to the tree, in that they do not violate any of the dependency relationships 
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encoded in the tree structure. That is, a child with a representation such as that given in 

1.2 below must be capable of contrasting coronal (Place), labial (Peripheral), and velar 

(Dorsal) segments, as all the features required to represent these contrasts are present in 

the feature geometry tree, and we would not expect to find a child who maintained a 

contrast between velar and labial segments, but not coronal segments (i.e., a child who 

had Peripheral and Dorsal, but not Place, in his feature geometry tree). Further, children 

cannot "invent" features to create new sounds. Thus, while a child with representations 

as in 1.3a below has added the Sonorant Voice (SV) node to contrast obstruents and 

sonorants (obstruents do not have an SV node), another child could just as easily add and 

elaborate the Laryngeal node to contrast voiced and voiceless segments, as in 1.3b. 

Figure 1.2. Li segmental acquisition as structure building - Stage I 

1k, g, ij/ 

Root 

Place 

Peripheral 

Dorsal 
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Figure 1. 3. Li segmental acquisition as structure building—Stage II 

a) 

b) 

1k, g/ IijI 

Root Root 

Place SV Place 

Peripheral Peripheral 

Dorsal Dorsal 

1k! /g,ij/ 

Root Root 

Laryngeal Place Laryngeal Place 

I I I 
Peripheral [voice] Peripheral 

Dorsal Dorsal 

The feature trees that result from Li acquisition, then, serve to define the phonemic 

categories as they are observed in categorical perception. The Li feature geometry may, 

then, be the source of Li interference in L2 segmental acquisition. 

This possibility was the focus of work by Brown (2000), who ran a series of 

perceptual tasks in order to examine the abilities of speakers of three distinct Lis - 

Mandarin Chinese, Japanese, and Korean - with respect to a number of English sound 

contrasts that were absent for all three Lis, listed in Table 1.1 below along with the 

phonological feature required to represent the distinction. 
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Table 1. 1. Sound contrasts examined by Brown (2000) 

English Contrast Feature Required 
/p/ vs. IF [continuant] 
IF vs. /v/ [voice] 

Is! vs. /0/ [distributed] 

/1/ vs. ,irj [coronal] 

Brown (2000) hypothesized that it was the Li phonological features that determined the 

interference effects observed in L2 acquisition. That is, if a given speaker's Li supplied 

the necessary features to represent a distinction between two L2 segments, then that 

contrast could be learned; if the required feature was absent from or inactive in the Li, 

however, then the learner would not perceive the novel contrast. Segmental approaches, 

on the other hand, do not make reference to the featural level, and thus make predictions 

on the basis of a segment's presence or absence in the Li grammar. The feature-based 

hypothesis makes a number of testable predictions: first, it predicts that Li Japanese, 

Mandarin, and Korean speakers will all be able to perceive the new English contrasts /b/ 

vs. Iv/, /p/ vs. IF, and /f! vs. /v/, as all three Lis contain the features [voice] and 

[continuant]. Second, it predicts that none of the three groups should perceive the 

contrast /s/ vs. /0/, as none of the Lis contain the feature [distributed]. Third, it predicts 

that neither the Japanese nor the Korean groups should perceive the contrast Ill vs. Ii!, but 

the Mandarin group should be capable of perceiving this contrast, owing to the fact that 

while neither Japanese nor Korean contains the feature [coronal], Mandarin does as it 

maintains a plain /s/ vs. retroflex // contrast (Brown 2000). Further, this selection of Li s 

allows testing of Major and Kim's (1996) definition of similarity: in Korean, [1] is in 
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complementary distribution with an apical alveolar flap [r]. Korean speakers, then, have 

had phonetic experience with two liquids, one lateral and the other non-lateral, whereas 

Japanese and Mandarin speakers have only had experience with one. If it is true that 

(phonetic) similarity is the key in L2 segmental acquisition, then we would expect the 

Korean speakers to initially perform better than Japanese and Mandarin speakers on the 

English liquid contrast. 

The feature geometry trees given in Figure 1.4 below represent the full adult 

feature geometries that learners bring to the task of L2 segmental acquisition (Brown 

2000: 25). The features examined through the sound contrasts given in Table 1.1 above 

appear in boldface; the empty boxes in the Japanese (3a) and Korean (3c) geometries 

reflect the absence of the feature [coronal] in these languages. 

Figure 1.4. Adult Li feature geometries 

a) Japanese 

Laryngeal Supralaryngeal 

I I 
voice SV Place 

nasal approximant labial dorsal 

continuant 
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b) Mandarin 

Laryngeal Supralaryngeal 

I I 
voice SV Place 

nasal approximant labial dorsal 

coronal 

c) Korean 

Laryngeal Supralaryngeal 

I I 
voice SV Place 

continuant 

nasal approximant labial dorsal 

continuant 

The predictions were tested using a 4IAX auditory discrimination task, in which subjects 

are presented with two pairs of words and are asked to indicate which of the two pairs 

contains two different words, as well as a two-way forced-choice picture selection task. 

The learners' performance was compared against that of a group of native speaker 

controls. The results showed that for all groups, performance on !p/ vs. If! and If! vs. Iv/ 

was not significantly different from that of the native speaker controls, suggesting that the 

learners were able to construct appropriate phonological representations for these 

segments using the features supplied by the Li grammar. Additionally, all three groups' 

performance was significantly worse than that of native speaker controls on the Is! vs. /0/ 

contrast, indicating that the absence of the required feature [distributed] from all three Li 
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grammars prevented appropriate representations from being constructed. With respect to 

the Ill vs. /1/ contrast, the groups are divided: the Japanese and Korean speakers' 

performance was significantly worse than both the Mandarin group and the native 

speaker controls. The Korean speakers' difficulty with this contrast is the precise 

opposite result of that predicted by Major and Kim's (1996) SDRH; recall that this 

approach to Li phonological interference predicted that these individuals should be able 

to acquire the English liquid distinction as Korean has two liquid allophones. In sharp 

contrast to the outcome obtained for the Japanese and Korean speakers, there was no 

significant difference between the Mandarin speakers and the native controls: the 

Mandarin speakers were thus performing at a native-like level. This is attributed to the 

presence of the feature [coronal] in the Mandarin grammar and its absence in both 

Japanese and Korean. Thus, the Li features are the source of interference in L2 

segmental acquisition: those segments for which an appropriate representation can be 

built will be perceived and acquired, whereas those segments that require features which 

are lacking in the Li grammar will not. 

We can refer to this proposal as the strong Li feature hypothesis, as it states that 

if the required feature is absent in the learner's Li grammar, then that learner will never 

learn the new contrast as accurate perception of the sounds in question is blocked. In 

order to motivate such a strong claim, Brown (2000) presents data comparing a group of 

lower-level proficiency Li Japanese L2 English speakers with a group of higher-level 

proficiency on two English contrasts not found in Japanese: fbi vs. ivi and Ill vs. /1/. The 

results show that while performance on fbi vs. fyi improves with increased proficiency to 
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levels that are not significantly different from native speakers, performance on Ill vs. hi 

remains poor. That is, the absence of a required phonological feature completely rules 

out the possibility that a given contrast will be acquired. This claim seems to be further 

supported by work done by Matthews (1997) which examined the effects of articulatory 

training on the perceptual abilities of Japanese speakers on a number of English contrasts. 

Given the above discussion of Brown's (2000) work, of particular relevance are the pairs 

fbi vs. lvi, /5/ vs. /0/, and /1/ vs. lii. Subjects did not receive any perceptual training in 

that they did not listen to repeated native speaker productions of the targeted segments in 

class, but rather were given explicit articulatory instructions on producing the relevant 

speech segments in five sessions over a period of five weeks. They were also given the 

opportunity to practice pronunciation with real lexical items, and were given positive 

feedback when correct, and additional instruction and silent demonstration of articulation 

when incorrect. Testing was done before and after training using an auditory AX 

discrimination task, in which subjects are presented with pairs of words or syllables and 

are asked to indicate whether the two members of the pair are the same or different. 

Results showed a significant improvement on fbi vs. lvi, but no improvement on /1/ vs. /11, 

which is consistent with the strong Li feature hypothesis. Interestingly, however, 

performance on 1sf vs. /0/ also improved with training, but did not reach significance. 

The fact that any improvement on this pair was seen at all hints that the strong Li feature 

hypothesis may be too strong. 
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This possibility was further investigated by LaCharité and Prévost (1999). They 

looked at the acquisition of the English sounds iij/, /0/, and Thi by native speakers of 

Quebec French (QF), which lacks all three sounds in its phonemic inventory. According 

to the strong Li feature hypothesis, these speakers should experience perceptual 

difficulty with /0/ and Ih/, but not /IJ/: all the features required to build an appropriate 

representation for fiji are available in the Li grammar, whereas the features [distributed], 

required for /0/, and [pharyngeal], required for /h/, are absent. Diagrams of the relevant 

portions of the representations of these segments is presented in Figure 1.5 below 

(LaCharité and Prévost 1999: 375); the features that are missing from the Li grammar 

appear in boldface. 

Figure 1.5. Representations of /V/, /0/, and Al 

iiji /0/ fbI 

[consonantal] [consonantal] [consonantal] 
[sonorant] 

[nasal] Place Place Place 

I I I 
[dorsal] [coronal] [pharyngeal] 

[distributed] 

Results from an AX discrimination task indicate that these three new sounds present 

different levels of difficulty: iiji is, not surprisingly, the easiest to perceive with the L2 

learners performing at near-native levels, /0/ is harder to perceive, and 1W is the hardest. 
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With respect to the two latter segments, performance on /0/ was lower than that of a 

native speaker control group but this difference was not statistically significant; 

performance on Ihi, on the other hand, was significantly worse than the controls. These 

findings suggest a hierarchy of difficulty among new sounds: fbi is hardest due to the 

absence of [pharyngeal], /0/ is moderately hard due to the absence of [distributed], and 

fiji is easy as the Li grammar supplies all the required features. A similar hierarchy was 

observed in Matthews' (1997) results: /1/ vs. iii was the most difficult (and thus was not 

improved with training) due to the absence of [coronal], is! vs. /0/ was moderately hard 

(and thus showed some improvement with training) due to the absence of [distributed], 

and fbi vs. /v/ was the easiest (and thus showed significant levels of improvement) as the 

Li grammar supplied all the necessary features. Taking into consideration both their own 

findings as well as those of Matthews (1997), LaCharité and Prévost (1999) propose that 

the relative difficulty of novel L2 segments is due to the kind of feature required by the 

L2 that is absent from the Li grammar, with articulator nodes (such as [coronal] and 

[pharyngeal]) presenting a greater challenge to acquisition than terminal nodes (such as 

[distributed]). Furthermore, these findings suggest that, contra to the strong Li feature 

hypothesis, it is possible to acquire new features in L2 segmental acquisition: 

improvement on segments involving the terminal feature [distributed] was seen in both 

studies, and LaCharité and Prévost's (1999) Li QF subjects performed at a level that was 

not significantly worse than that of native speaker controls on fbi in an ABX word 

identification task, in which subjects are presented with pairs of different words and then 
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asked if a third word matches the first or second member of the pair; performance on /0/ 

was still higher than /h/. We can therefore refer to this model of Li interference as the 

weak Li feature hypothesis. 

While the weak Li feature hypothesis is supported by the data described here, it 

also makes an interesting new prediction that takes us beyond the existing discussion: if 

the Li feature geometry determines not only which L2 segments will be problematic to 

the learner but also what degree of difficulty the learner will experience with each, then 

we would expect this to be reflected in the learner's neural encoding and processing of 

the new sounds. In other words, the model implies that L2 learners are able to detect and 

make reference to features that are absent from their Li grammar; we would expect this, 

in turn, to be reflected in the patterns of neural activity elicited in response to the new 

sounds. Thanks to developments in neuroimaging technology, as stated this is an 

empirically testable claim. The goal of the present research, then, is to test out the weak 

Li feature hypothesis and explore issues related to the acquisition of new segmental 

structure in a second language. Namely, we seek to find evidence in support of the 

predictions made by the model, as well as evidence of change or restructuring of 

phonological categories that would suggest acquisition of previously absent phonological 

features. 

1.4. Testing the model 

In order to properly test out the predictions of the weak Li feature hypothesis as set out 

above, it will be necessary to examine the behaviour of individuals with a common Li 
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who are at various stages in acquiring a given L2, as well as a group of individuals with 

the same Li who have not been exposed to the selected L2. As all data collection was to 

be carried out in Calgary, Alberta, Canada, the most readily accessible population 

meeting these criteria was Li English speakers, and the L2s that were selected for 

examination were French and Spanish. More specifically, the research was designed to 

examine Li English speakers' acquisition of two new rhotic sounds: the French uvular 

trill /pJ and the Spanish alveolar trill In. 

The selection of French and Spanish trills as the segments of interest for the 

current investigation was made on the basis of several factors. First, there is much 

anecdotal evidence that Li English speakers encounter difficulty in producing both trills, 

and it was of interest to see whether this difficulty extends to perceptual abilities as well. 

Second, the two trills are well-suited to testing LaCharité and Prévost's model with Li 

English speakers, as they are predicted to present differing levels of difficulty in 

acquisition due to their phonological representations: Spanish alveolar trill In differs 

from corresponding English alveolar approximant Ii/ along the dimension of manner of 

articulation, while French uvular trill /pJ differs from English alveolar approximant Li/ 

with respect to both place and manner of articulation2. 

Before moving into a discussion of the representations assumed for IpJ and In, it 

is of use to briefly discuss which features are assumed to be present in English, as our 

assumptions differ from those of LaCharité and Prévost (1999) with respect to the feature 

2 Walsh  Dickey (1997) notes that cross-linguistically, the alveolar trill In is much more common than the 

uvular trill /pJ. 
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[pharyngeal] and its use in the representation of English 1W. Recall from discussion 

above that LaCharité and Prévost (1999) assumed that the articulator node [pharyngeal] 

was present in English to allow representation of Thi and that this feature was absent in 

French, as they claim that there are no pharyngeal sounds in French. Notable, however, 

is the fact that LW does not involve any constriction of the pharyngeal cavity, as would be 

suggested by a [pharyngeal] feature. Therefore instead of following this convention, we 

will follow that of Halle et al. (2000) in assuming that IhI has a [glottal] articulator node 

feature3, rather than [pharyngeal], thereby allowing a representation for Thi such as that 

found in 1.6 below. Further note that this difference in assumptions does not create any 

conflict with the L2 learner results found by LaCharité and Prévost (1999) with respect to 

the acquisition of 1W by Li QF speakers, as these individuals are still missing an 

articulator node required for an appropriate representation of /h/, given in 1.6 below. 

Figure 1.6. Revised representation of/hi 

1W 

Root 

Laryngeal 

[glottal] 

The representation of trills in feature geometric representations is not entirely 

straightforward, however, due to a wide range of proposed representations for frills in the 

Although Howe (2003) states that [glottal] is a Laryngeal feature (i.e., dependent of the Laryngeal node of 
the feature geometry), and not a Place feature, this detail is not crucial to our argument here as it is still 
considered an articulator node. 
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literature. English Iii is less controversial: both Brown (1997) and Blevins (1994) agree 

that Ii/ should have a representation like that given in Figure 1.7 below (Brown 1997: 

67). 

Figure 1.7. Representation of English Li! 

Root 

SV Place 

approximant Coronal 

Walsh Dickey (1997) provides the representation in Figure 1.8 for the alveolar trill In and 

Figure 1.9 for the uvular trill /BJ; however, she also notes that no language contrasts trills 

and approximants at the same place of articulation, and concludes that trills and 

approximants are therefore phonologically identical. That is, both Spanish alveolar trill 

In and English alveolar approximant Iii would have a representation such as that given in 

1.8 below. 
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Figure 1.8. Representation of/ri (Walsh Dickey 1997:173) 

[liquid] 
[+sonorant] 
[+continuant] 

Place 

Coronal 

Apical 

Laminal 

Figure 1. 9. Representation of/RI (Walsh Dickey 1997.' 171) 

[liquid] 
[+sonorant] 
[+continuant] 

Laryigeal 

[voice] 

Place Laryngeal 

Oral Pharyngeal [voice] 

Coronal Dorsal [pharyngeal] 

Apical 

Laminal 

Bakovic (1994) presents arguments that frills and approximants should be 

differentiated in the phonology, as frills are articulatorily more complex than 

approximants: the configuration of the tongue must be such that will allow a Bernoulli 

effect to bring about the repeated closures of the trill. His account, then, is captured in 

phonological representations in terms of Aperture Theory (Steriade 1993). Under this 

view, /1/ would be specified as Amax (oral release) while In would be specified as having 

both A0 (oral closure) and Amax aperture settings (Bakovic 1994: 33). This view is also 
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put forth by Bradley (2001). Colantoni (2001) provides a way to capture this distinction 

in the feature geometry by proposing the terminal feature [vibrant] for frills, claiming that 

this feature characterizes the vertical movement of the tongue associated with trilled 

sounds. 

At this point, phonological theory does not provide a directly obvious way to 

select which of these representations should be assumed here: all find support in data 

from various languages. As a result, we will be making the following assumptions about 

the representation of Li!, In, and /pl, as diagrammed in 1.10, 1.11, and 1.12 below, 

respectively. These structures follow those proposed by Walsh Dickey (1997), with the 

addition of the terminal feature [vibrant] for the frills following Colantoni (2001); the 

dependents of [CORONAL] (Apical and Laminal) as proposed by Walsh Dickey (1997) 

are not crucial to the discussion here and thus have been pruned for reasons of space. We 

are assuming these representations as they allow us to capture the distinctions among 

rhotic segments that we have described in the languages we have chosen to examine. 

Figure 1.10. Assumed representation of/./ 

Root 

sv Place Laryngeal 

[CORONAL]4 [voice] 

It should be noted that the use of capital letters for articulator nodes in the representations given here and 
throughout the remainder of the thesis does not carry any theoretical implications. It is a notational 
convention that is only used to highlight the distinction being maintained between articulator and terminal 
node features. 
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Figure 1. 11. Assumed representation of/r/ 

Root 

SV Place Laryngeal 
I I I 

[vibrant] [CORONAL] [voice] 

Figure 1.12. Assumed representation of/i/ 

Root 

Sv 

[vibrant] 

[DORSAL] [CORONAL] 

Place Laryngeal 

[voice] 

[PHARYNGEAL] 

It is worth commenting on the appearance of [CORONAL] in the representation of the 

uvular trill Ia!, as this proposal cannot be said to be motivated by articulation. We have 

included it in our representations here so as to adhere to Walsh Dickey's (1997) proposals 

as closely as possible; however, Walsh Dickey (1997) suggests that the presence of 

[CORONAL] and its dependents for all rhotics serves to unify the class of rhotic sounds, 

and further notes that there is no existing phonological data to either support or disprove 

this claim. 

According to the Li interference model being tested here, then, Spanish In should 

prove difficult for Li English speakers to acquire due to the fact that the Li feature 

geometry does not supply the terminal node [vibrant]; French /pi, however, should 

present greater difficulty to these learners as in this case, the Li feature geometry 

crucially fails to supply the articulator node [PHARYNGEAL]. 
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A previously unexplored implication of the weak version of our model of Li 

interference is that the hypothesis should have neurological support: that is, if learners are 

able to (sub-consciously) make judgments about new sounds on the basis of phonological 

features that are absent from their Li, then this should be reflected in the neural encoding 

and processing of new sounds. The hypothesis we are testing is that those sounds which 

are deemed to be easier to acquire should elicit different neural responses than those 

sounds which are harder to acquire. More specifically, In should elicit different neural 

response patterns than IJ in native English speakers. This is the claim through which we 

seek to test the weak feature hypothesis, using data collected through event-related 

potentials, or ERPs. We now turn to a discussion of these. 

1.5. ERPs 

The term event-related potential (BRP) refers to measures obtained through continuous 

sampling of the electrical component of the body's electromagnetic fields, or the 

electroencephalogram (BEG), and these are used in neuroimaging. Neural activity can be 

measured as voltage deflections in the BEG: a neuron at rest will have a negative charge, 

and a stimulus generates a nerve signal by altering the plasma membrane of a neuron so 

that it becomes positively charged (Campbell et al. 1997). The brain is never completely 

at rest, as it monitors and controls every bodily function, from coordinated muscle 

movements to less voluntary bodily functions, such as heart rate and breathing. In order 

to properly identify deflections in the BEG and reliably associate these with a specific 

stimulus, we must compare these BEG signals with those generated when no specific 
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stimulus is present; that is, any BEG deflections must be considered relative to an 

averaged baseline. This will allow us to extract meaningful deflections from "noise" that 

occurs as a result of normal, unavoidable brain activity. 

ERPs, then, are deflections in neural activity relative to an averaged baseline that 

are time-locked to a given stimulus; they thus reflect the neural activity related to the 

processing of that particular stimulus (Rugg 1999, Rugg & Coles 1995). Their use in the 

present research is due to a number of desirable characteristics of ERP measurement: 

first, they are sensitive to very brief periods of neuronal activity, on the order of tens of 

milliseconds (Rugg & Coles 1995); second, they offer great temporal precision: van 

Turennout et al. (1997, 1998) have used ERPs to establish the relative time course of 

semantic and phonological processing in lexical access. These properties suggest that 

ERPs may provide a useful measure in examining the processing of segmental structure, 

due to the temporally short nature of individual speech segments. ERPs do not, however, 

offer a good deal of spatial resolution (Rugg 1999), therefore any conclusions drawn 

from the work presented here will not bear on regions of activation. 

A number of ERPs have been identified for use in research, and each reflects a 

different aspect of the brain's response to a stimulus. Some responses are automatically 

elicited by sensory stimuli, in that they do not require that the subject attend to the stimuli 

being presented, and are thus said to be obligatory. Other responses are related to 

attention, comprehension, and decision-making processes. The discussion that follows 

here will be limited to two obligatory evoked potentials, the mismatch negativity, or 
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MMN, and the N100, as these are the ERPs which have been used in existing 

investigations of phonological processing and speech sound perception. 

1.5.1. MMN 

The mismatch negativity (hereafter MIVIN) is also known as the N2 or the N200. It is a 

large negative (hence, N) evoked potential that occurs approximately 200 milliseconds 

(msec) after presentation of a visual or auditory stimulus (Phillips 2001, Poeppel and 

Marantz 2000, Dehaene-Lambertz et al. 2000, Dehaene-Lambertz 1997). It is elicited by 

a deviant stimulus presented in a stream of standard stimuli, and thus reflects the 

automatic detection of physical deviance (Coles & Rugg 1995). Furthermore, the MMN 

has been argued to be sensitive to the degree of deviance: the more physically disparate 

the deviant is from the prevailing context, the greater the amplitude of the MIVIN (Coles 

& Rugg 1995). 

A number of studies have relied on the MMN as evidence of subjects' ability to 

perceive various speech sound contrasts. Dehaene-Lambertz et al. (2000) examined the 

perceptual abilities of Japanese speakers with respect to consonant clusters. Japanese 

obeys a number of constraints on syllable structure, and as a result does not permit 

obstruent consonant clusters (Shirai 2001). When words containing these clusters are 

borrowed into the language, they are repaired with an epenthetic vowel, typically /ul, so 

as to ensure that all constraints on syllable structure are satisfied: the consonant cluster is 

broken up by inserting a vowel between the consonants. This is exemplified in loanword 

adaptations from English: /ski/ 'ski' is adapted into Japanese as /sukii/ (Mah 2001). 

Dehaene-Lambertz et al.'s (2000) research was carried out using minimal pair nonsense 
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words in what is referred to as a mismatch paradigm: participants were presented with a 

repetitive stream consisting of some nonsense word, labeled the standard stimulus, that 

was followed by a single token that was either another repetition of the standard stimulus, 

or a different nonsense word, labeled the deviant stimulus. When the Japanese subjects 

heard deviants that consisted of a nonsense word whose internal cluster had been repaired 

with an epenthetic vowel Iu/ (such as /ebuzo/) in the context of a minimally paired 

nonsense word with the cluster intact (such as /ebzol), no MMN was elicited. The same 

stimuli presented to a control group of French speakers, however, yielded a large and 

robust MMN response. Dehaene-Lambertz et al. (2000) take these findings to suggest 

that the French speakers were able to detect the presence or absence of the epenthetic 

vowel, owing to the fact that French allows these consonant clusters. The Japanese 

speakers, on the other hand, could not detect this difference, which is argued to suggest 

that for these individuals, the consonant sequences were automatically repaired. 

In another study, Dehaene-Lambertz (1997) studied the ability of native French 

speakers to perceive a native place of articulation contrast (/bal vs. /dal) as compared 

with these same subjects' ability to detect a non-native dental vs. retroflex contrast found 

in Hindi (Ida! vs. /da!). The results showed that while the native contrast elicited a large 

MMN, the non-native contrast did not. That is, the non-native contrast was not readily 

detectable to subjects, whereas the native contrast was easily perceived. Since the stimuli 

were drawn from a synthesized continuum, Dehaene-Lambertz (1997) was able to control 

for acoustic distance between standards and deviants used, and thus hypothesized that the 

different detection of contrasts was due to the storage of a phonemic representation of the 
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standard, against which the deviants were compared. Where the deviant belonged to a 

separate phonemic category, an MMN was elicited. Where the deviant did not, no MMN 

was found. 

Similar results were found in an MEG study examining the MMN's magnetic 

counterpart, the magnetic mismatch field (MIIVIF) (Phillips et al. 2000). This particular 

study sought to demonstrate that the MMF is sensitive to phonological categories and 

reflects categorical perception of acoustic tokens into phonological categories. An 

adapted oddball paradigm was used, in which several tokens are used as a standard 

stimulus, and several tokens are used as a deviant stimulus. Strictly acoustically 

speaking, all stimuli used in an adapted oddball paradigm are different; however, more 

abstract categories of mental representation allow these physically distinct items to be 

grouped together into categories. Stimuli drawn from a synthesized VOT continuum 

were manipulated so that in one experimental condition, a many-to-one ratio of 

phonological categories was present, i.e., the standard stimuli were syllables that were 

identified as [ta] while the deviant stimuli were syllables that were identified as [da]. In 

the other experimental condition, there was no many-to-one ratio of phonological 

categories: there were equal numbers of [ta] and [da] syllables. The acoustic distribution 

of stimuli remained identical across both conditions, in such a way that there was never a 

many-to-one ratio of acoustic tokens. The results showed that the many-to-one ratio of 

phonological categories condition elicited an MMF, while the other condition did not. 

The finding that the MMF/MMN is sensitive to categorical perception does not 

seem to be consistent. Sharma et al. (1993) found that an MMN was elicited in both 
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within and across phonological category conditions; that is, regardless of whether the 

standard and deviant stimuli were both tokens of one phoneme, or tokens of separate 

phonemes. Work by Maiste et al. (1995) suggests that the MMN is dependent on the 

acoustic content of standard and deviant stimuli being examined. No MMN was elicited 

when the deviant stimulus frequency content was a subset of that of the standard 

stimulus: for example, a deviant stimulus consisting of a pure tone will not elicit a MItv{N 

when presented in the context of a standard stimulus consisting of a complex tone where 

the frequency of the deviant pure tone is also found in the complex tone. This suggests 

that presentation of new frequencies is required to elicit an MMN. A study by Sharma 

and Dorman (1999) revealed that while an MMN was elicited in both within and across 

category conditions, the MMN was larger and more robust in the across category 

condition. 

1.5.2. NJOO, Ni —P2 complex 

The N100, or Ni, is a major negative deflection following presentation of a stimulus 

(Sams et al. 1990, Maiste et al. 1995, Sharma & Dorman 1999, Tremblay et al. 2001). It 

typically occurs between 80 and 140 msec (Maiste et al. 1995) and has been argued to 

reflect sensory encoding of stimulus features (Sharma & Dorman 1999), as it is sensitive 

to changes in frequency and amplitude (Poeppel & Marantz 2000, Phillips 2001). In 

examining behaviours related to speech sounds it responds more readily to changes in 

formant structure, or the higher frequencies (i.e., F2, F3), than it does to changes in the 

fundamental frequency (FO) itself; that is, it seems to reflect segment identification rather 

than speaker identification (Poeppel & Marantz 2000, see also Phillips 2001). It also 
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responds to temporal cues, such as VOT (Sharma & Dorman 1999, Tremblay et al. 2001), 

and has also been argued to serve as an indicator of categorical perception (Sharma and 

Dorman 1999). Furthermore, it is most sensitive to stimulus onsets (Maiste et al. 1995). 

Sharma & Dorman (1999) examined the N100 as a potential neural correlate of 

categorical perception of VOT by native English speakers using synthesized syllables 

along a Ida! - /ta/ continuum. Their findings suggest that the encoding of VOT is 

reflected in morphological changes to the waveform: stimuli with short VOTs that were 

consistently identified behaviourally as Ida! (0 - 30 msec) elicited a single N100 

component, or a single negativity, while stimuli with longer VOTs that were consistently 

identified behaviourally as /tal (50 - 80 msec) elicited an N100 with two distinct 

components, as illustrated in Figure 1.13 below (Sharma & Dorman 1999: 1082). 

Furthermore, in the long VOT condition, the second N100 peak (labelled Ni) 

demonstrated a high correlation with VOT while the first peak (labelled Ni') did not, 

which is taken to suggest that the first component occurred in response to a noise burst at 

syllable onset, while the second component occurred in response to the onset of voicing. 
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Figure 1. 13. N100 responses along VOT continuum 

VOT 

0 100 200 1 300 
Latency (ms) 

400 500 

Oms 

VOT 

50 MS 

.100 0 100 200 300 400 500 
Latency (ma) 

Tremblay et al. (2001) also examined the behaviour of the N100 with respect to 

VOT, but not in the context of categorical perception: they sought to determine if the 

N100, along with the following positive deflection P200 (together the two responses are 

referred to as the Ni - P2 complex), reflects training-induced improvements in the 

perception of VOT. That is, they were investigating whether the Ni - P2 complex 

reflected neural plasticity, as evidenced by changes according to experience (here, 

training on a speech sound contrast). Native speakers of English were tested, trained, 

then re-tested on discrimination of two synthetic syllables representing a non-native 

contrast, /mbal and /bal. Two different rates of presentation were also used: a slow rate, 
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with an interstimulus interval (1ST) of 910 msec, and a fast rate, with an 1ST of 390 msec. 

This manipulation was motivated by a desire to determine whether the Ni - P2 complex 

could be elicited at faster rates typical of other research paradigms. 

The results showed that improved perception of the VOT distinction on a 

behavioural auditory discrimination task was accompanied by a significant increase in 

amplitude of the N1-P2 complex; however, the waveform pattern obtained for /mbal was 

not significantly different from that obtained for /ba/. 

Figure 1.14. Ni - P2 complex before (thin line) and after (thick line) training 

Fast Rate 

P1 
P2 

NI 

n-10 

( I 
-100 :0 000 2I00- 300 400 S.0 

-20 mec 

NI 
P2 

P1 

-10 msec 

O.5v 

Slow Rate 

P2 

NI 

I -I 
-100 0 -000 200 '300., 400 5.00 

rn3ec 

Tremblay et al. (2001) argue that these changes in the Ni - P2 complex reflect increases 

in neural synchrony, or an increase in the amount of neural activity occurring in response 

to a given speech segment, thereby reflecting improved speech perception on the novel 

contrast. The findings do not, however, suggest that this training has encouraged the 
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formation of two phonological categories, as no changes were noted in the waveform 

shape, only its amplitude. That is, training brought about improved within-category 

perception, but not the formation of new categories with new representations, and the Ni 

- P2 complex allows us to observe this distinction. 

These findings suggest that the N100 and the Ni - P2 complex are ideally suited 

to the investigation set out here: the N100 will provide information on whether second 

language learners are able to build novel phonological representations for new sounds, or 

are categorizing new sounds with "similar" Li sounds; the Ni - P2 complex will allow 

us to observe any improvements on their within-category perception abilities. 

1.6. Research goals 

The research described in the remainder of this thesis was carried out in order to provide 

answers to the following questions: 

i) Do monolingual English speakers differentiate between English /i/ and 

other rhotics? 

2) Do monolingual English speakers make distinctions based on absent 

phonological features? 

3) Can language learners trigger new structure (here, features) and build 

appropriate phonological representations for new sounds? 

As work progressed, it became clear that the data allowed us to address an additional 

question: 
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4) How does experience with a new sound in a second language affect its 

acquisition in a third language? 

Questions (1) and (2) are addressed in Chapter 2; question (3) is addressed in 

Chapter 3; question (4) is addressed in Chapter 4. Chapter 5 'presents a summary of 

findings and further discussion. 
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Chapter 2 

On the initial state of adult L2 phonological acquisition 

2.1. To test a model of Li interference 

The discussion of the previous chapter addressed two major issues in the field of second 

language acquisition. First, it has long been noted that not everything that is new in the 

L2 seems to present the same degree of difficulty to L2 learners. With respect to 

phonological acquisition, we find that not all new segments are equally hard to acquire. 

Our goal, then, is to determine whether theoretical constructs developed in linguistic 

theory are able to account for this. Success in this endeavour would not only provide a 

satisfying answer to our questions about L2 acquisition, it would also provide evidence 

that our assumed theoretical constructs have some psychological reality and explanatory 

adequacy. An approach to Li interference that based itself on current theoretical 

approaches in phonological theory was developed in work by Brown (2000) and 

LaCharité and Prévost (1999). 

Under examination here are the predictions of both the weak Li feature 

hypothesis (LaCharité and Prévost 1999) and the strong Li feature hypothesis (Brown 

2000). The weak Li feature hypothesis predicts that for novel L2 segments, those whose 

phonological representation requires only those features which are present in the Li will 

be easy to acquire; those segments which require a terminal node feature that is absent in 

the Li will present greater difficulty but will still be acquirable, and those segments 

which require an articulator node feature that is absent in the Li will the most difficult, if 

not impossible to acquire. The strong Li feature hypothesis, on the other hand, predicts 
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that novel L2 segments are either acquirable or not, depending on whether the required 

features are available in the Li grammar. 

While LaCharité and Prévost's (1999) discussion does not address this, we 

observed that crucial to their model of interference is the assumption that L2 learners are 

able to detect novel phonological features in the input and make reference to these in 

classifying novel segments according to their degree of difficulty. If relative difficulty in 

acquisition is due to phonological features and the weak Li feature hypothesis is to be 

supported, then any judgments made on the basis of these should appear in the earliest 

stages of acquisition, from the moment the learner first hears the new sound. This is not 

to say that we are assuming that learning is instantaneous; what we do assume, however, 

is that the distinguishing characteristics of speech sounds on which phonological features 

are based (i.e., place of articulation) have some acoustic manifestation that universally 

allows them to be assigned to an appropriate phonetic category (Borden et al. 1994). 

The present chapter reports on an electrophysiological test of the weak Li feature 

hypothesis: section 2.2 reviews the model, its predictions, and the testing method used 

here; section 2.3 provides the details of the data collection procedure; section 2.4 presents 

the results obtained; section 2.5 provides some discussion of these results. 

2.2. Predictions of the strong and weak Li feature hypotheses 

Unlike the strong version, the weak Li feature hypothesis suggests that L2 learners are 

able to detect features that are absent from the Li grammar and make distinctions among 

segments on the basis of these. That is, L2 learners are able to recognize acoustic 

manifestations of novel phonological features. We would expect that these abilities are 
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present at the initial state of acquisition, where learners first hear the new segments, as 

observed improvements on various segments are taken as evidence that the learners are 

acquiring the required structure. These assumptions, in turn, allow us to predict that 

those segments which, according to the Li grammar, are relatively more difficult to 

acquire (due to a missing articulator node), will be subject to different neural processing 

and encoding than those segments which are relatively less difficult for acquisition (due 

to a missing terminal node). That is, under the assumption of this particular model of Li 

interference, we would expect to see different neural responses elicited by the two types 

of segments. Under the assumption of the strong version, however, we would not expect 

to see any differences in neural responses, as both segments would be predicted to be 

difficult for acquisition. 

These predictions are tested here by examining the neural responses elicited in 

response to trilled rhotics in French and Spanish in monolingual English speakers. The 

feature geometry structures for the two frills, given in Figures 2.1 and 2.2 below, serve to 

illustrate the appropriateness of these two segments for the task at hand: for both frills, 

English lacks the terminal feature [vibrant], however, for the French trill, English 

crucially lacks the articulator node [PHARYNGEAL]. For expository purposes, those 

features absent from English in the representations below appear in boldface. The feature 

geometry structure for the English approximant Iii appears in Figure 2.3. 
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Figure 2. 1. Feature geometry ofFrench trill /iil 
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Figure 2.2. Feature geometry of Spanish trill /r/ 
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Figure 2.3. Feature geometry of English approximant Lii 
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According to the weak Li feature hypothesis, then, the Spanish trill In should be difficult 

for Li English speakers as they lack the terminal feature [vibrant]; however, the French 

trill IrJ should be significantly more difficult for these same individuals due to the lack of 

the articulator node [PHARYNGEAL]. Following our prediction discussed above, if the 

weak version is to be supported, we would expect to find significantly different patterns 

of neural activity occurring in response to these two segments in monolingual English 

speakers who are not learning either French or Spanish. If the strong version is to be 
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supported, then the two segments should not differ in their patterns of neural activity in 

these individuals. 

This prediction is tested by collecting event-related potential (ERP) data from 

monolingual English speakers as they listen to the three rhotic sounds discussed above. 

ER-Ps are well-suited to investigations of phonological processing as they record data in a 

near-continuous fashion, allowing the observed responses to be reliably associated with 

the presentation of particular stimuli; responses are said to be time-locked to the stimuli 

(Rugg 1995). The patterns of neural activity that occur in response to each rhotic are 

evaluated here with respect to two evoked potentials: the Ni00 (also called the Ni), and 

the Ni - P2 complex. The N1 00 has been described as a major negative deflection in the 

waveform with a peak latency between 80 and 140 milliseconds post-stimulus (Maiste et 

al. 1995) whose peak latency reflects categorical perception of speech sounds (Sharma 

and Dorman 1999): speech segments identified as belonging to the same category show 

N100 deflections with similar peak latencies, whereas speech segments identified as 

belonging to different categories show N100 deflections with different peak latencies. 

The Ni - P2 complex is the portion of the waveform spanning from the N100 peak to the 

peak of the following positive deflection, referred to as P2, which has a peak latency of 

around 175 milliseconds post-stimulus (Tremblay et al. 2001). The amplitude of the Ni 

- P2 complex has been shown to be related to synchronous neural activity, such that 

increased amplitude indicates increased neural activity associated with the stimulus 

(Tremblay et al. 2001) (see section 1.5 above for further discussion). 
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More specifically, then, under the assumption of the weak Li feature hypothesis, 

our predictions can be stated as follows: 

i) All three rhotics should elicit N100 evoked potentials with similar peak 

latencies: monolingual English speakers are unable to build appropriately 

distinct representations for /RI and In and thus assign these to the existing 

structure for non-lateral approximants: lit. 

2) The three rhotics should differ with respect to the amplitude of the Ni - 

P2 complex each elicits: the amount of neural activity associated with 

each sound should reflect that fRi and In differ with respect to the type of 

feature that is missing from the Li grammar. 

Under the assumption of the strong Li feature hypothesis, the prediction in (i) above still 

stands, the prediction in (2), however, is replaced by (3): 

3) The two novel trills should differ from the native English approximant 

with respect to the amplitude of the Ni - P2 complex each elicits: the 

amount of neural activity associated with these sounds should reflect that 

both trills require a feature that is missing from the Li grammar. 

2.3. Data collection 

2.3.1. Stimuli 

The stimuli used in this experiment were the syllables /.ii/, /i/, and In!, along with the 

control condition syllables ho! and !bo/. The syllables were elicited in isolation from a 

male native speaker of English who is also a near-native speaker of both French and 
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Spanish. Each syllable was repeated three times, and the second repetition was used in 

preparing the task items. The syllables were recorded using a Sony TCD-D 100 DAT 

recorder and Sony ECM-MS9O8C electret condenser microphone. These were then 

edited using Peak LE 2.62 digital audio editing software on a Macintosh desktop 

computer to eliminate empty portions of the sound files. The syllables were then 

transferred to a desktop PC computer, which was used to present the stimuli during the 

experiment using Neuroscan Inc.'s STIM stimulus presentation software package. 

2.3.2. Subjects 

Eight subjects participated in this experiment: all were undergraduate students in an 

introductory Linguistics course at the University of Calgary, with a mean age of 22.5. 

All were native speakers of English, none had previously studied Spanish; Subject E5, 

however, had previously studied Italian and had spent one academic year on an exchange 

program in Italy. Some variation was found with respect to previous exposure to French: 

although none claimed to understand any French, subjects El, E2, E3, and E8 all reported 

having taken a French class in either elementary (El, E2, E3) or junior high school (E8), 

but all report that class time was limited to one or two classes per week, and that the 

classes lasted one academic year (except for E8, whose French class lasted one semester). 

Subject E7 reported that he had completed three years of elementary school in a French 

immersion program, but was pulled out of the program after Grade 4 due to poor 

performance. Additionally, Subject E4 is a native speaker of both English and Cantonese 

Chinese. All subjects gave informed consent for their participation in this research, and 

were paid $20 for their participation. 
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The data presented and analyzed here will not include data obtained from Subjects 

E5 and E7; these will be discussed in Chapter 4. The discussion here, then, will focus on 

those individuals with minimal or no exposure to languages other than their first 

language. Although Subject E4 is a bilingual English/Cantonese speaker, her data are 

included in this group as exposure to Cantonese is not expected to have any effect on her 

perception of the French and Spanish trills as Cantonese has no trills (Killingley 1993). 

Due to technical difficulties encountered in recording, not all data that was collected was 

available for subsequent off-line analysis. In an attempt to remedy this problem, data 

from Subjects E6 and E7 was recorded at an Analog-to-Digital (AID) rate of 1 kHz, 

which was a deviation from the procedure followed for all other subjects. This had the 

unfortunate result of making the resulting data files incompatible with those obtained 

from other participants, and Subject E6's data could not be included in preparing the 

figures presented below. It was possible, however, to include his data in the statistical 

analyses. 

2.3.3. Procedure 

The experiment was conducted at the Language Research Centre at the University of 

Calgary. Surface electrodes were placed using a Neuroscan Quik Cap electrode cap, 

which arranges the electrode array according to the International 10-20 system (Jasper 

1958, cited in Tremblay et al. 2001), along with a forehead ground and right mastoid 

reference (A2). Data recording was done using a Neuroscan NuAmps digital EEG 

amplifier and Neuroscan's Scan 4.2 Acquisition software package, run on a Dell Inspiron 

laptop computer. Stimuli were presented using Neuroscan's Stim stimulus presentation 
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software package on a desktop PC. Analysis of raw data was performed off-line using 

Neuroscan's Scan 4•35 Edit software package, run on a Dell Inspiron laptop computer. 

Subjects watched a video while being fitted with the electrode cap. Once all the 

equipment had been properly set up and configured, the experiment began. A mismatch 

paradigm was used, in which a stream of identical syllables is occasionally interrupted by 

a different syllable, which is referred to as the deviant stimulus. The stimulus syllables 

were paired as described in Table 2.1 below; for all conditions, 85% of the tokens 

consisted of the syllable labelled as the standard, and 15% of the tokens consisted of the 

syllable labelled as the deviant. Syllables were presented with an onset-to-onset 

interstimulus interval of 850 milliseconds. For the control conditions ho! vs. /bo! and 

!bo/ vs. ho!, two blocks of 250 syllables were presented, for a total of 500 tokens. For all 

other conditions, eight blocks of 250 syllables were presented, for a total of 2000 tokens. 

Stimuli were presented to the subject's right ear via earphone at a volume of 75 dB, and 

subjects were asked to indicate the occurrence of the deviant stimulus by pressing a 

button on a response pad held in their left hand using their left thumb. 

While recording was done using version 4.2 of Neuroscan's Scan software, an upgrade became available 
before analysis began, and it was thought that upgrading the system might allow us with future subject 
groups to avoid some problems in data acquisition that had been encountered. 
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Table 2. 1. Stimulus pairings 

Standard Deviant 

/J:o! /bo/ 

/bo! ho-

//li! !Ri! 

!Ri/ hi! 

hi! In! 

In! !.iil 

Due to technical difficulties in recording 6, not all data collected was available for off-line 

analysis. Table 2.2 details the average number of individual stimulus presentations (data 

sweeps) analyzed per participant in each condition, as well as the total number of sweeps 

analyzed for all participants in each condition. 

Table 2.2. Average number of sweeps analyzed 

Average Number of 
Sweeps per Participant 

Total Number of Sweeps 
Analyzed 

ho! 219 1314 

Ibo! 217 1299 
808 4847 

840 5037 

In! 821 4926 

A number of methodological standards were followed in recording the data: 

electroencephalogram (BEG) channels were analog bandpass filtered on-line from 0.5 Hz 

to 70 Hz, amplified with a gain X 1338 and converted using an Analog-to-Digital (A/D) 

6 One of the cables connecting the various components of the system was found to be faulty, the result 
being that not all stimulus event triggers were being recorded in the continuous data files. 
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rate of 500 Hz7. Eyeblink artifact was removed off-line, and the continuous data files 

were segmented into recorded sweeps consisting of 100 millisecond pre-stimulus, 500 

millisecond post-stimulus epochs. Epochs containing voltage deflections greater than 

100 j.tV were deemed to be contaminated by artifact and were rejected off-line. 

Remaining sweeps were baseline corrected and filtered off-line using a 30 Hz low pass 

filter (12 dB/octave). All data and resulting waveforms were recorded from the electrode 

Cz, following Sharma and Dorman (1999) and Tremblay et al. (2001). 

2.4. Results 

Figure 2.4 presents the group-averaged waveform response data for the control condition 

of/.io/ (thick line) vs. /bo/ (thin line); in (a) the two waveform responses are overlaid with 

a common baseline, in (b) they are rastered out for expository purposes, with the dashed 

horizontal lines indicating the baseline for each waveform. While we present the results 

using both graphing formats here and in Figure 2.5 below, for reasons of space and 

expository clarity only the rastered versions will be presented throughout the remainder 

of the thesis. It should further be noted that negative and positive peaks are identified in 

terms of relative negative and positive voltage shifts, and not in terms of absolute voltage 

values. That is, in 2.4 below, while both P2 peaks appear below the baseline and thus 

have negative absolute voltage values, they are clearly positive shifts in voltage following 

the negative N100 peak. 

7 A mentioned above, Subjects E6 and E7 were recorded using an A/D rate of 1 kHz. 
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Figure 2.4. Control condition responses 
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Note that the waveform responses are very different: Ii/ elicits a single MOO peak, 

whereas Thi elicits a slightly later MOO that appears to have a second peak occurring at 

176 msec post-stimulus. These differences indicate that the two segments are perceived 

as separate categories, and thus have distinct phonological representations. These sorts of 

differences in waveform morphology, then, will indicate the presence of across-category 

distinctions for the three rhotic sounds being examined here. 

Figure 2.5 presents the grand-averaged waveform response data for all three 

rhotics obtained from subjects El, E2, E3, E4, and E8. As above, both the overlaid and 

rastered formats of the waveform graph are presented; the averaged response to hi/ is 

indicated by a thick line, the averaged response to /Ri/ is indicated by a thin line, and the 

averaged response to !ri/ is indicated by a dashed line. Figure 2.6 presents individual 

averages, including the data obtained from E6. 
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Figure 2.5: Grand-averaged responses to /.i./, /i/ and /r/ 
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The grand-averaged waveform data presents a fairly clear picture. For all three 

rhotic sounds, the N100 peak occurs within the same time frame. With respect to the Ni 

- P2 complex, Iii clearly differs from IRI and In, but these latter two do not appear to 

differ from each other in Ni - P2 amplitude. 

Figure 2.6. Individual averaged waveforms 
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Two-tailed t-tests on the group's pooled data revealed no significant differences 

in peak latency for the N100 across the three rhotics examined (for Iii vs. /J p = 0.535; 

for Iii vs. In p = 0.556; for /pJ vs. In p = 0.272). Significant differences were found, 

however, with respect to Ni - P2 amplitude: the Ni - P2 complex elicited by Iii was 

found to have a significantly larger amplitude than that elicited by both /pi (p <0.05) and 

In (p <0.05). No significant difference was found in Ni - P2 amplitude between IR/ and 

In! (p = 0.186). Table 2.3 below presents the mean values obtained for each rhotic on 

each of the measures examined. 

Table 2.3. Mean values 

N100 Latency Ni - P2 Complex Amplitude 
124 msec 3.99 gV 

/pJ 127 msec 2.46 j.iV 

In 121 msec 2.17p.V 

These results indicate that while all three rhotics were grouped into one single 

category, as evidenced by the homogeneous N100 latencies, the monolingual English 

speakers were making some distinctions among rhotic sounds. The larger Ni - P2 

amplitude elicited by Iii is indicative of increased synchronous neural activity associated 

with this speech sound. The lack of difference in Ni - P2 amplitude between /pJ and In, 

on the other hand, indicates that no distinction is made between the two sounds. This 

suggests, then, that these individuals are making a two-way within category distinction 

for rhotic sounds: Ii/ elicits neural behaviour that is distinct from both Li',.! and In, which 
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in turn are not distinct from each other, yet all three sounds are recognized as belonging 

to a single category. 

2.5. Discussion 

Not all of the predictions set out in Section 2.2 above were borne out: while the three 

rhotics were categorized together with the native hi being distinguished from the two 

non-native segments, no evidence was found to suggest that any distinctions were being 

made between the two non-native rhotics. These results, then, do not support the weak 

Li feature hypothesis. 

We cannot, however, directly compare the present results to those obtained by 

LaCharité and Prévost (1999), as the groups from which the data were collected vary 

considerably. LaCharité and Prévost's (1999) data came from a group of very advanced 

L2 English learners who were training to become English as a Second Language (ESL) 

teachers and had completed a graduate level course in English phonetics. Our data, on 

the other hand, came from individuals who had not previously studied a language 

containing either irt/ or in, nor were they studying any such language at the time of 

testing. The fact that our present electrophysiological findings do not support the weak 

Li feature hypothesis does not give us cause to reject it. Rather, we can interpret these 

results as indicating that the weak Li feature hypothesis does not accurately account for 

the initial processing of novel L2 segments. Instead, our findings about the initial state of 

L2 phonological acquisition are more in keeping with the strong Li feature hypothesis. 
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Recall from previous discussion in section 1.3 that the strong Li feature 

hypothesis (Brown 2000) was formulated to account for the observation that not all new 

L2 segments were troublesome for L2 learners in the sense that some contrasts were 

perceived with ease in spite of the fact that they involved a new segment, while others 

were notoriously difficult to perceive. It also elegantly accounted for the fact that the Li 

itself plays an important role in determining which new segments will present difficulty 

in acquisition: while both Mandarin Chinese and Japanese lack the English liquid 

contrast, only the Li Japanese speakers encountered difficulty discriminating these 

sounds, while Li Mandarin speakers performed at a level that was not significantly 

different from that of native English speakers. This difference was attributed to the 

feature [CORONAL], which is crucially required to maintain the contrast among English 

liquids. This feature is absent in Japanese and present in Mandarin. Furthermore, for Li 

Japanese speakers, neither increased proficiency (Brown 2000) nor explicit training 

(Matthews 1997) were shown to bring about any improvement in the ability to perceive 

the English liquid contrast. In order to account for these observations, the strong Li 

feature hypothesis maintains that the Li grammar's influence in L2 acquisition is 

absolute. 

The weak Li feature hypothesis (LaCharité and Prévost 1999) was formulated in 

response to the observation that we find that some new segments which would otherwise 

be predicted to be unacquirable do show some improvement over time - an outcome not 

predicted by the strong Li feature hypothesis. As previously noted, the results of the 

current electrophysiological experiment seem to support the predictions of the strong 
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version: neural responses to the new rhotic frills were significantly different from that 

elicited by the native rhotic approximant, yet they were not significantly different from 

each other. Although these monolingual English speakers were categorizing all three 

together, or assigning all three rhotics to a single 'rhotic representation', they were 

maintaining a distinction within this category of 'lii' vs. 'non-/J/ rhotic'. 

Our extrapolation of the weak Li feature hypothesis to the properties of the initial 

state is not supported by the present electrophysiological data. We can still, however, 

evaluate its claims about the rate at which acquisition of novel segments proceeds by 

examining data from language learners of varying levels of proficiency. The weak Li 

feature hypothesis may be taken to apply to the same domain of acquisition as the 

Similarity Differential Rate Hypothesis (SDRH) (Major and Kim 1996). The SDR.H only 

makes predictions about the rate at which L2 learners will improve in producing new 

segments based on notions of similarity and difference between the L2 segments and 

existing segments in the Li grammar, where "similar" L2 segments improve more slowly 

than do "different" L2 segments. Similarly, the present data suggest that while the claims 

of the weak Li feature hypothesis might apply to the rate of acquisition, they do not 

apply to the initial state. While it was noted in the previous chapter that Brown's (2000) 

work demonstrates that Major and Kim's (1996) notions of similarity and difference 

cannot be maintained as they make incorrect predictions about Li Korean speakers' 

abilities with the English liquid contrast, Brown (2000) only reports on a single group of 

Li Korean speakers, all of whom had studied English for a number of years (the mean 

number of years for the group was 9.9), and the results came from a single battery of tests 
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administered one time only. That is, we have no way of evaluating Major and Kim's 

claims about differences in rate of improvement with Brown's data, as it tells nothing of 

the developmental path followed by the learners she examined. This is perhaps the 

domain to which the weak Li feature hypothesis applies: features representing terminal 

nodes are those that allow a learner to show more improvement on a given segment as 

acquisition proceeds, whereas those features representing articulator nodes are those that 

show decidedly less improvement for a particular segment. In order to evaluate this new 

hypothesis, we will want to examine how the neural responses to the rhotic trills 

examined here change as acquisition proceeds. The experiments described in the next 

chapter of this thesis achieve that end, in addition to addressing the broader question of 

whether it is possible to acquire new structure in L2 acquisition at all. 

In sum, we have seen in this chapter that electrophysiological evidence suggests 

that the strong Li feature hypothesis is better suited to accounting for the initial abilities 

of language learners with novel segments. There does not appear to be any evidence that 

learners make distinctions among new segments (for which their Li grammar does not 

supply a required feature) on the basis of the type of feature required; there is no 

significant difference between the neural responses elicited by segments requiring absent 

articulator nodes and those neural responses elicited by segments requiring absent 

terminal nodes. It was further suggested that the weak Li feature hypothesis might be 

best applied to the rate of acquisition, or improvement, rather than initial interference 

effects. This is the matter at hand in the following chapter. 
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Chapter 3 

On the developmental path of adult L2 phonological acquisition 

3.1. The results thus far 

The previous chapter reported on an electrophysiological test of a proposed model of Li 

interference in L2 phonological acquisition - the weak Li feature hypothesis (LaCharité 

and Prévost 1999). This model claims that the observation that some novel L2 segments 

present greater difficulty in acquisition than others is due to the type of phonological 

features required by the L2 which are absent from the Li grammar. More specifically, 

the claim is that those segments which require a missing articulator node will be more 

difficult to acquire than those segments which require a missing terminal node. Our 

prediction was that if L2 learners are indeed sensitive to these kinds of distinctions, they 

should be reflected in the neural activity elicited by novel segments at the initial state, 

even before acquisition begins. This was tested by eliciting event-related potential (ERP) 

data from monolingual English speakers in response to two novel rhotic frills: the 

alveolar trill In found in Spanish (Dalbor 1997), and the uvular trill IR/ found in French 

(Walsh Dickey 1997). It was predicted that these two sounds would elicit different 

neural responses, as English lacks the terminal node [vibrant] required for both In and 

/rt/, but crucially lacks the articulator node [PHARYNGEAL] required for IJ. 

Two evoked potential responses were examined: the Ni00, which reflects the 

categorization of speech segments (Sharma and Dorman 1999) and, in turn, underlying 

phonological representations, and the Ni-P2 complex, which reflects the amount of 
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synchronous neural activity associated with a speech segment (Tremblay et al. 2001). 

The N100 results indicated that monolingual English speakers assign all three rhotics to a 

single category. The Ni-P2 complex results suggest that while these individuals are 

making some distinction between the native rhotic and the two novel rhotic segments, no 

distinction is found to differentiate the French /R/ and the Spanish In from each other. 

Our extension of the weak Li feature hypothesis predicted that even at the initial state, 

we should find evidence that some distinction is maintained between novel L2 segments 

on the basis of the type of feature required for an appropriate representation that is absent 

from the Li grammar. That is, contrary to our predictions, the featural composition of 

the new segments does not seem to have any neural consequences, as both novel rhotic 

segments elicit nearly identical neural responses. 

The present chapter reports on a series of ERP investigations that sought to test 

the predictions of the weak Li feature hypothesis as acquisition proceeds. Our prediction 

is that, if terminal node features are more easily acquired than articulator node features, 

we will see changes in the neural responses elicited by In at an earlier stage in L2 

Spanish learners than those elicited by /pJ in L2 French learners. More specifically, we 

would expect to see earlier evidence of a new category being established for In, when 

comparing beginner and advanced L2 learners, as indicated by differences in the Ni00 

response with respect to peak latency as well as the general shape of the deflection (i.e., 

single peak vs. multiple peaks, as seen in the control condition in Chapter 2). We will 

also be looking for indications of increased neural activity associated with this segment 

as indicated by an increase in the Ni - P2 complex amplitude seen when comparing L2 
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learner responses with monolingual responses. Again, we expect that increases in Ni - 

P2 complex amplitude will occur at earlier stages of acquisition for In than for lit!; that is, 

we expect to find this increase in beginner L2 Spanish learners, but not in beginner L2 

French learners. 

3.2. Data Collection 

3.2.1. Stimuli 

The stimuli used in this experiment were the syllables hi!, lRiJ, and In!, previously used 

in the experiment described in Chapter 2. The syllables were elicited in isolation from a 

male native speaker of English who is also a near-native speaker of both French and 

Spanish. Each syllable was repeated three times, and the second repetition was used in 

preparing the task items. The syllables were recorded using a Sony TCD-D 100 DAT 

recorder and Sony ECM-MS9O8C electret condenser microphone. These were then 

edited using Peak LE 2.62 digital audio editing software on a Macintosh desktop 

computer to eliminate empty portions of the sound files. The syllables were then 

transferred to a desktop PC computer, which was used to present the stimuli during the 

experiment using Neuroscan Inc.'s STIM stimulus presentation software package. 

3.2.2. Subjects 

Nine subjects participated as beginner L2 learners: all were undergraduate students at the 

University of Calgary with a mean age of 20. Four were registered in an introductory 

French language course, five were registered in an introductory Spanish language course; 

both courses provided 8 months of classroom exposure to the L2. Our goal was to recruit 
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individuals whose first language was English and who had begun studying either French 

or Spanish as an adult; furthermore, we were looking for individuals who had not 

acquired or studied another language with a trilled rhotic in its phonemic inventory prior 

to beginning their studies in French or Spanish. In spite of our best efforts, our 

participants were found to vary considerably in terms of their experience with language; 

this is summarized in Table 3.1 below. Moreover, due to the time-consuming nature of 

our data collection methods, we were unable to recruit additional participants for study 

upon recognition of this variation. 

Table 3.1. Summary of beginner L2 learners examined 

Li Previous L2 Age Started/Years 
Studied 

Immersion 

Beginner French 
(BF) 
BF1 English German 7/9 none 
BF2 English none --I-- --

BF3 English French 5/9 6 years 
BF4 English French 

German 
5/7 
15/1 

3 years 

Beginner Spanish 
(BS) 
BS1 English French 

Russian 
12/6 
20/3 

none 

BS2 Polish English 
French 

5/13 
9/9 

13 years 
none 

BS3 English French 
Spanish 

9/6 
15/4 

none 
none 

BS4 English French 9/6 none 
BSS English French 

Finnish 
12/2 
18/1 

none 
1 year 

One subject, B52, had acquired Polish as a first language but claimed that English has 

been her dominant language since childhood. Subject BS5 was a native speaker of 
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English but had spent a year in Finland and thus had an intermediate level of proficiency 

in Finnish. Subject BF1 was a native speaker of English but had studied German as a 

second language for nine years and thus had an intermediate-to-advanced level of 

proficiency in German. Subjects BF3 and BF4 were both native speakers of English who 

had spent a minimum of two years enrolled in French immersion programs in elementary 

school, but had not continued with the program through junior and senior high school. 

Subject BS3 indicated that her mother's Li was Tagalog, and although she did not 

consider herself to be a speaker of Tagalog, her data were not included in the group 

averages calculated for analysis purposes. Such variation means that we cannot pool the 

data obtained from all subjects and accurately compare it against the previously obtained 

monolingual data. Therefore, the discussion here will be based on the data obtained from 

subjects BSi, BS4, and BF2. Discussion of the results obtained from subjects BS2, BS5, 

BFi, BF3, and BF4 can be found in Chapter 4. 

Three subjects participated as advanced L2 learners: all were undergraduate 

students at the University of Calgary with a mean age of 25. One was registered in a 

senior-level French language course, two were registered in a senior-level Spanish 

language course. All three were native speakers of English and had begun acquiring their 

L2 in either late childhood or as adults: subject AF1 studied French in a non-immersion 

classroom setting starting at the age of 10, subject AS i studied Spanish at the University 

of Calgary for three years and spent three months in Spain, subject AS2 studied Spanish 

at the University of Calgary for two years and spent iO months studying abroad in 

Mexico. An additional two subjects participated as near-native L2 speakers: one (VAS) 
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was a graduate student in the Department of French, Italian, and Spanish at the University 

of Calgary, age 29, the other (VAF) was a teacher-librarian with the Calgary Public 

School Board, age 55, who has spent many years both teaching French in public schools 

as well as serving on bilingual library committees for the school board. Both were native 

speakers of English, VAS had begun acquiring her L2 as an adult and reported having 

lived in Spain for 3 years, VAF had begun acquiring her L2 in a junior high school 

French class that was not part of an immersion program. All subjects gave informed 

consent for their participation in this research, and were paid $20 for their participation. 

Our discussion of the results will be based on a comparison of the elicited neural 

responses, so as to identify any changes that occur as proficiency increases. This type of 

analysis also allows us to identify any developmental paths that may emerge. It should 

be noted that the previous chapter's findings came from an analysis of group-averaged, or 

grand-averaged data, which means that the data obtained from all suitable participants 

was pooled into one large group for averaging purposes. This method of analysis was not 

possible here; where more than one suitable subject was found, the data is pooled into a 

group, however we also report here on responses obtained from individual participants. 

In any group a certain amount of individual variation is found, so it should not be 

assumed that the following graphs all illustrate robust group responses. They do, 

however, serve our purpose here in establishing a developmental path in phonological 

acquisition. 
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3.2.3. Procedure 

The experiment was conducted at the Language Research Centre at the University of 

Calgary. Surface electrodes were placed using a Neuroscan Quik Cap electrode cap, 

which arranges the electrode array according to the International 10-20 system (Jasper 

1958, cited in Tremblay et al. 2001), along with a forehead ground and right mastoid 

reference (A2). Data recording was done using a Neuroscan NuAmps digital BEG 

amplifier and Neuroscan's Scan 4.2 and 4.3 Acquisition software package 8, run on a Dell 

Inspiron laptop computer. Stimuli were presented using Neuroscan's Stim stimulus 

presentation software package on a desktop PC. Analysis of raw data was performed off-

line using Neuroscan's Scan 4.3 Edit software package, run on a Dell Inspiron laptop 

computer. 

Subjects watched a video while being fitted with the electrode cap. Once all the 

equipment had been properly set up and configured, the experiment began. A mismatch 

paradigm was used, in which a stream of identical syllables is occasionally interrupted by 

a different syllable, which is referred to as the deviant stimulus. The stimulus syllables 

were paired as described in Table 3.2 below; for all conditions, 85% of the tokens 

consisted of the syllable labelled as the standard, and 15% of the tokens consisted of the 

syllable labelled as the deviant. Syllables were presented with an onset-to-onset 

interstimulus interval of 850 milliseconds. For all conditions, four blocks of 250 

syllables were presented, for a total of 1000 tokens. Stimuli were presented to the 

subject's right ear via earphone at a volume of 75 dB, and subjects were asked to indicate 

Recording for subject BS1 was done using Scan 4.2, an upgrade became available shortly after, allowing 
us to record all additional data from other subjects using Scan 4.3. 
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the occurrence of the deviant stimulus by pressing a button on a response pad held in 

their left hand using their left thumb. In contrast with the method used for testing the 

monolingual English speakers, the L2 learners only listened to pairs containing the rhotic 

trill used in their L2; that is, French learners only heard pairs consisting of hi! and IRil, 

while Spanish learners only heard pairs consisting of /u! and In!. 

Table 3.2. Stimulus pairings 

Standard Deviant 

!.Ii/ !Ri/ 

!Ri/ hi! 

hi! In! 

In! hi! 

French learners 

} Spanish learners 

A number of methodological standards were followed in recording the data: 

electroencephalogram (BEG) channels were analog bandpass filtered on-line from 0.5 Hz 

to 70 Hz, amplified with a gain X 1338 and converted using an Analog-to-Digital (AID) 

rate of 500 Hz. Eyeblink artifact was removed off-line, and the continuous data files 

were segmented into recorded sweeps consisting of 100 millisecond pre-stimulus, 500 

millisecond post-stimulus epochs. Epochs containing voltage deflections greater than 

100 p.V were deemed to be contaminated by artifact and were rejected off-line. 

Remaining sweeps were baseline corrected and filtered off-line using a 30 Hz low pass 

filter (12 dB/octave). All data and resulting waveforms were recorded from the electrode 

Cz, following Sharma and Dorman (1999) and Tremblay et al. (2001). 
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3.3. Results 

Figure 3.1 below presents the group-averaged responses elicited by Iii and In from the 

beginner L2 Spanish learners, Figure 3.2 presents the averaged response elicited by Ii! 

and /pJ from the beginner L2 French learner. 

Figure 3.1. Group-averaged responses to /.i/ and /r/ by beginner Spanish learners 
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Figure3. 2. Averaged responses to /.il and /iil by a beginner French learner 

+ 

English-

French-

-100,00 
I I I •I I 

0.00 100,00 200.00 .300.00 400,00 

BO 

P0 

500,00 

We can see that for both groups of L2 learners, the N100 peak latency occurs in the same 

time range for both the native and novel rhotics, which was the finding for monolingual 

English speakers when tested on these same segments. This suggests that the learners are 

still assigning the novel rhotic segment to the existing category established for lxi. 

The Ni - P2 complex, however, does show some differences between the two 

groups. The L2 Spanish group shows an Ni - P2 complex that is smaller for in 

(amplitude of 1.562 jiV) when compared to that obtained for ix! (amplitude of 4.434 p.V), 

a result that was also obtained among the monolingual group previously examined. For 

the L2 French learner, however, a fairly large Ni - P2 complex was elicited in response 

to /pJ (amplitude of 3.358 jV), though it does not appear to be as large as that elicited in 
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response to hi (amplitude of 5.162 pV). This indicates that after 8 months' L2 exposure, 

greater synchronous neural activity is elicited in response to iiJ than to In. 

Figure 3.3 below presents the group-averaged responses elicited by hi and in 

from advanced Spanish learners; Figure 3.4 below presents the averaged responses 

elicited by iii and /.I from the advanced French learner. 

Figure 3.3. Group-averaged responses to /.i/ and /r/ by advanced Spanish learners 
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Figure 3.4. Averaged responses to Lii and /i/ by an advanced French learner 
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Again, we see that for both L2 learner groups the N100 peak latency obtained in response 

to In occurs within the same time frame as that obtained in response to hi, suggesting that 

the two segments are being assigned to a single category. 

With respect to the Ni - P2 complex, here we see among the advanced Spanish 

speakers a much larger Ni P2 complex obtained in response to in (amplitude of 2.35 

LLV), though it is still smaller than that obtained in response to hi (amplitude of 3.647 

jtV). Similarly, the Ni - P2 complex obtained from the advanced French speaker in 

response to IRJ is quite large (amplitude of 2.635 p.V), though not as large as that elicited 

by hi (amplitude of 3.865 tV). 
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The data gathered thus far allow us to sketch out a progression in L2 segmental 

acquisition by comparing the neural responses elicited for a given segment at the three 

stages examined thus far. Figure 3.5 below compiles the results obtained for In; Figure 

3.6 below compiles the results obtained for tsl. 

Figure 3.5. Comparison of initial state, beginner learners, and advanced learners - 
Spanish 
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Figure 3.6. Comparison of initial state, beginner learner, and advanced learner - French 
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These figures show that the N100 peak latency does not appear to undergo any changes 

in either group; that is, at all stages observed here, the new rhotic segment is assigned to 

the existing rhotic category. Further, we also see that the increase in Ni - P2 complex 

amplitude occurs at a later stage of acquisition among L2 Spanish speakers for the 

alveolar trill In than it does among L2 French speakers for the uvular trill II. This 

reflects that the experience-related increase in synchronous neural activity observed for 

both trills occurs at an earlier stage of acquisition for the uvular trill. 

The finding that the N100 peak latency does not appear to undergo any change as 

acquisition proceeds prompted us to gather additional data from near-native speakers of 

French and Spanish. The goal here was to examine whether it was possible for L2 

learners to establish separate categories for new segments in their end-state grammars. 
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Figure 3.7 below presents the averaged responses obtained from a near-native Spanish 

speaker; Figure 3.8 below presents the averaged responses obtained from a near-native 

French speaker. 

Figure 3.7. Averaged responses to /./ and /r/by a near-native Spanish speaker 
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Figure 3.8. Averaged responses to Li/ and /w'by a near-native French speaker 
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These results paint a picture much like that previously seen with other subject groups: the 

N100 peak latency occurs in the same time frame for both types of rhotic segments. 

Even near-native speakers assign the L2 rhotics to the Li rhotic category. Further, for 

the near-native Spanish speaker, the Ni -P2 complex obtained in response to in is much 

smaller than that obtained for Li!; these results are counter-intuitive given the pattern seen 

thus far in that they more closely resemble those obtained from our monolingual and 

beginner L2 learner subject groups. The near-native French speaker shows a pattern 

much like that obtained for the advanced L2 learner. 
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3.4. Discussion 

The results obtained here show an intriguing pattern: they suggest that adult speakers 

cannot form new categories for novel L2 segments. Further, the data indicate that the 

neural responses elicited by IpJ undergo a change at an earlier stage in acquisition than do 

those elicited by In. Neither of these findings support the weak Li feature hypothesis. 

Indeed, the N100 peak latency findings show support for the strong Li feature 

hypothesis, whióh claims that new phonological features, regardless of whether they are 

terminal nodes or articulator nodes, cannot be acquired in L2 acquisition. Under this 

view, we would not expect to see any changes in neural responses to novel L2 segments 

even over time, as the claim is that learners cannot build appropriate representations for 

the new categories. This is precisely the pattern observed with respect to N100 peak 

latency: regardless of L2 proficiency, the N100 peak elicited by both In and IpJ occurs in 

the same time frame as that elicited by Iii. That is, even at very advanced stages of 

acquisition, In! and /iJ are funneled into the existing category for Ii!. As previously 

stated, this finding suggests that adult L2 learners are unable to form new categories for 

novel L2 segments, which in turn indicates that they are unable to construct appropriate 

representations for these segments. To make a broader claim, we can interpret these 

findings as indicating that adult L2 learners cannot acquire novel phonological features. 

This is not to say that the interlanguage grammar does not undergo any changes as 

acquisition proceeds, as we do observe some changes in neural responses with increasing 

L2 proficiency. The amplitude of the Ni - P2 complex was found to increase with 
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increasing proficiency (with the surprising exception of our near-native Spanish speaker 

VAS), and this increase was found to occur at different times for In and /pl; however, the 

results obtained are the opposite of those predicted by the weak Li feature hypothesis. 

We saw an increase in Ni - P2 complex amplitude for IpJ occurring at an earlier stage of 

acquisition than that observed for In. Recall that the weak Li feature hypothesis predicts 

that here /pj should be more difficult to acquire than In as Li English speakers are 

crucially missing the articulator node [PHARYNGEAL], whereas for In these same 

speakers lack only the terminal node [vibrant]. We therefore expected to find earlier 

increases in Ni - P2 complex amplitude for In. 

The Ni - P2 complex reflects the amount of synchronous neural activity 

associated with a given speech segment (Tremblay et al. 2001). Increases in its 

amplitude therefore reflect increases in neural activity for the perception of that particular 

segment. Tremblay et al. (2001) showed that this increase co-occurred with an increase 

in subjects' ability to perceive a non-native speech segment contrast, and argued that the 

increased neural activity underlies improved within-category perception. The same 

argument can be made here: we have evidence that Li English speakers are not forming 

new categories for novel L2 segments, but rather are improving their ability to make a 

within-category distinction. The notion of degree of difficulty, which the weak Li 

feature hypothesis attributes to the type of feature that is missing from the Li grammar, is 

assumed to be reflected in the electrophysiology by the rate of change to the Ni - P2 

complex: those segments that are easier to acquire will elicit responses with larger Ni - 
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P2 complex amplitudes at earlier stages of acquisition, as easier segments will show 

earlier improvement. 

The question remains, however, why II should show improvement before In, as 

its featural content predicts that it should be more difficult for Li English speakers to 

acquire. It is unlikely that the weak Li feature hypothesis is completely wrong, as it 

provides an elegant account of the behaviour observed in Li Japanese L2 English 

speakers (Matthews 1997) as well as Li Quebec French L2 English speakers (LaCharité 

and Prévost 1999). This finding may be due to differences in the phonemic inventories of 

French and Spanish with respect to rhotic sounds: French has one rhotic while Spanish 

maintains an intervocalic contrast among two rhotics, the alveolar trill In and the alveolar 

tap In. This is illustrated by the phoneme inventory charts given below in Table 3.3 for 

French (Walker 2001: 119), and Table 3.4 for Spanish (adapted from Dalbor 1997: 103)9. 

Table 3.3. Consonant phoneme inventory of French 

Labial Apical'° Palatal Velar Uvular 
Stops voiceless p t k 

voiced b d g 
Fricatives voiceless f s $ 

voiced v z 

Sonorants nasals in n 
10 

liquids 1 R 11 

' Dalbor (1997) does not use International Phonetic Association (IPA) notation in his transcriptions; for 
expository reasons, we have adapted his chart to IPA notation. 
10 The term 'apical' is used to refer to sounds that are articulated using the tongue tip, i.e., coronal sounds 
(Rogers 1991). 

11 Walker (200 1) uses the symbol [if], which according to the IPA is a voiced uvular fricative, and not a 
liquid; uvular segments are all assumed to have a [PHARYNGEAL] node. 
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Table 3.4. Consonant phoneme inventory of Spanish 

Labial Interdental Dental Alveolar Palatal Velar 
Stops voiceless p t k 

voiced b d g 
Fricatives voiceless f (0) 5 X 

voiced 
Affricates voiceless tj 
Sonorants nasals In n 

rhotics r, £ 
approximants 1 j w 

The data presented here suggest that adult L2 learners will assign novel rhotic sounds to 

an existing rhotic category; that is, all r-sounds are grouped together perceptually. The 

L2 French learner learns to make a two-way within category distinction with respect to 

rhotic sounds: within the phonemic category of hi, he must learn to reliably distinguish 

between [.i] and [R]. The L2 Spanish learner, however, must learn to make a three-way 

within category distinction among rhotics: within the phonemic category of hi, he must 

learn to reliably distinguish between [.x], [r], and [r]. This added dimension of complexity 

may be responsible for the observed delay in improvement on in among Li English 

speakers. 

On the whole, the electrophysiological data suggest a view of L2 phonological 

acquisition in keeping with the strong Li feature hypothesis rather than the weak Li 

feature hypothesis. The evidence indicates that adult L2 learners do not create new 

categories for new segments, regardless of the amount of L2 exposure or level of 

proficiency. This in turn suggests that these learners are unable to build appropriate 
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phonological representations if the Li grammar fails to supply all the required features; 

that is, these missing phonological features do not become available by some other means 

as acquisition proceeds. Instead, learners appear to be improving their abilities over time 

on within-category discrimination. The observed patterns of improvement, however, are 

not consistent with the predictions of the weak Li feature hypothesis with respect to the 

degree of difficulty associated with the type of feature that is missing from the Li 

grammar. 
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Chapter 4 

The effects of additional language experience 

4.1. The 'other'cases 

The experiments reported in previous chapters examined the neural responses obtained 

from Li English speakers of varying proficiency in either French or Spanish. The results 

from both sets of experiments suggest that with respect to the question of acquiring new 

phonological structure, the strong Li feature hypothesis finds more empirical support, in 

that regardless of the type of feature required to appropriately represent a given novel 

segment, if that feature is not supplied by the Li grammar, the learner will be unable to 

build an appropriate phonological representation for it, and will thus categorize it with an 

existing Li segment. 

It was noted, however, that in recruiting participants for these experiments, a 

number of individuals were identified to have had additional experience with language 

that did not permit them to be included in the previous analyses. Their data, however, 

provide us with the opportunity to further address other issues in the study of second 

language acquisition. In particular, we are able to explore issues regarding the effects of 

the age of initial exposure, as well as gather additional insight into the role of the length 

of L2 exposure. A substantial portion of the existing literature in the field of second 

language acquisition is concerned with the role of the age of initial L2 exposure and the 

length of L2 exposure (Yamada 1995, Werker 1995, Pallier et al. 1997, Long 1990, 

Newport 1990). The general finding is that the earlier the initial L2 exposure, the better 

(Long 1990), although Pallier et al. 's (1997) results of an examination of vowel 
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perception among Li Spanish L2 Catalan speakers suggest that even very early L2 

exposure (beginning in preschool) is insufficient to trigger formation of separate 

categories for a vowel contrast present in Catalan but absent in Spanish (Werker (1995) 

notes, however, that it is unknown whether experience affects the perception of vowels in 

the same way as the perception of consonants). Work by Yamada (1995) on Li Japanese 

speaker's perceptual abilities with respect to English Ill and Iii supports the 'earlier is 

better' approach, but Yamada argues that her data do not allow us to tease apart the role 

of age of initial L2 exposure from that of the length of L2 exposure, as those subject 

groups who had earlier initial exposure also had longer exposure. The data discussed in 

the present chapter may afford us the opportunity to examine the effects of each of these 

factors; we have already seen that for adult L2 learners, a greater period of L2 exposure 

does not allow formation of new categories. What remains to be seen is how the length 

of L2 exposure affects acquisition which begins in early childhood. 

Consider the following scenarios: one subject reported that her Li is not English, 

but Polish, yet claimed that she had not used her Li in several years and now considers 

English to be her primary language. Unlike English, Polish does contain an alveolar trill 

In like the one found in Spanish (Kopczyiiski 1977). This subject's Li grammar, then, 

has all the necessary features to build an appropriate representation for In in Spanish. As 

her L2 acquisition of English began at the age of 5, it is of interest to see whether she has 

successfully established a novel category, and in turn a separate phonological 

representation, for Iii. Indeed, we expect that her neural responses will reflect the 
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existence of separate categories for In and /.i/: not only did acquisition begin very early in 

life, but the representation of /.T/ is identical to that of /r/ with the notable exception of /r/ 

requiring the feature [vibrant]. 

Similarly, three additional subjects reported having completed at least three years 

of French immersion in early elementary school with little or no classroom exposure to 

French thereafter, and one subject reported having studied L2 German for nine years 

beginning at the age of 7. These individuals, then, afford us the opportunity to further 

assess the role of age of initial exposure as well as the effect of the length of L2 exposure. 

We have seen in the previous chapter that adult L2 learners are unable to establish 

distinct phonological representations for novel L2 segments for which they lack the 

appropriate features in their Li, regardless of the length of L2 exposure. In other words, 

a lengthy period of L2 exposure alone does not permit acquisition of new phonological 

features. The data examined here will allow us to make inferences about the effects of 

age of initial L2 exposure alone; that is, does L2 exposure that begins before the age of 9 

(early childhood) enable learners to acquire features the Li lacks and thus construct 

appropriate phonological representations for L2 segments even when the length of L2 

exposure is shortened? The current chapter seeks to find answers to this question. 

4.2. Data Collection 

4.2.1. Stimuli 

The stimuli used in this experiment were the syllables /ii/, /Bi1, and In, previously used 

in the experiments described in Chapters 2 and 3. The syllables were elicited in isolation 



84 

from a male native speaker of English who is also a near-native speaker of both French 

and Spanish. Each syllable was repeated three times, and the second repetition was used 

in preparing the task items. The syllables were recorded using a Sony TCD-D 100 DAT 

recorder and Sony ECM-MS9O8C electret condenser microphone. These were then 

edited using Peak LE 2.62 digital audio editing software on a Macintosh desktop 

computer to eliminate empty portions of the sound files. The syllables were then 

transferred to a desktop PC computer, which was used to present the stimuli during the 

experiment using Neuroscan Inc.'s STIM stimulus presentation software package. 

4.2.2. Subjects 

The data discussed here was obtained from subjects originally recruited to participate in 

the experiments described in previous chapters. All subjects gave informed consent for 

their participation in this research, and were paid $20 for their participation. As 

previously discussed, these individuals were found to not fit the desired L2 learner 

profile, either due to previous acquisition of second languages other than French and 

Spanish (E5, BF1, B55), due to childhood exposure to French (E7, BF3, BF4), or due to 

having a language other than English (BS2 - Polish) as a first language. 

As was the case in Chapter 3, the discussion here will be based on a comparison 

of elicited neural responses from individual participants. Therefore, it should not be 

assumed that these are robust group responses. Again, they do serve a purpose here in 

allowing us to gain a glimpse of the interplay of age of initial L2 exposure and length of 

L2 exposure. 
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4.2.3. Procedure 

The experiment was conducted at the Language Research Centre at the University of 

Calgary. Surface electrodes were placed using a Neuroscan Quik Cap electrode cap, 

which arranges the electrode array according to the International 10-20 system (Jasper 

1958, cited in Tremblay et al. 2001), along with a forehead ground and right mastoid 

reference (A2). Data recording was done using a Neuroscan NuAmps digital BEG 

amplifier and Neuroscan's Scan 4.2 and 4.3 Acquisition software package12, run on a 

Dell Inspiron laptop computer. Stimuli were presented using Neuroscan's Stim stimulus 

presentation software package on a desktop PC. Analysis of raw data was performed off-

line using Neuroscan's Scan 4.3 Edit software package, run on a Dell Inspiron laptop 

computer. 

Subjects watched a video while being fitted with the electrode cap. Once all the 

equipment had been properly set up and configured, the experiment began. A mismatch 

paradigm was used, in which a stream of identical syllables is occasionally interrupted by 

a different syllable, which is referred to as the deviant stimulus. The stimulus syllables 

were paired as described in Table 3.1 below; for all conditions, 85% of the tokens 

consisted of the syllable labelled as the standard, and 15% of the tokens consisted of the 

syllable labelled as the deviant. Syllables were presented with an onset-to-onset 

interstimulus interval of 850 milliseconds. Two different stimuli presentation methods 

were used, reflecting that these subjects were recruited for different experiments. 

Subjects ES and E7, recruited as monolingual English speakers, listened to eight blocks 

12 Recording for subjects E5 and E7 was done using Scan 4.2, an upgrade became available shortly after, 
allowing us to record all additional data from other subjects using Scan 4.3. 
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of 250 syllables for each of the stimulus pairings given in Table 3.1, for a total of 2000 

tokens for each syllable'3. Subjects BF1, BF3, and BF4 were recruited as beginner 

French learners; subjects B52 and BS5 were recruited as beginner Spanish learners. 

These subjects, for all conditions, listened to four blocks of 250 syllables, for a total of 

1000 tokens for each syllable. Stimuli were presented to the subject's right ear via 

earphone at a volume of 75 dB, and subjects were asked to indicate the occurrence of the 

deviant stimulus by pressing a button on a response pad held in their left hand using their 

left thumb. Those subjects who were recruited as monolingual English speakers listened 

to all contrasts listed in Table 4.1 below; those subjects recruited as beginner L2 learners 

only listened to pairs containing the rhotic trill used in their L2; that is, French learners 

only heard pairs consisting of hi/ and fail, while Spanish learners only heard pairs 

consisting of hi! and hi/. 

Table 4.1. Stimulus pairings 

Standard Deviant 

Ill! /Ri/ 

IRil hi! 

/.Iil In! 

In! liii 

} French learners 

} Spanish learners 

A number of methodological standards were followed in recording the data: 

electroencephalogram (BEG) channels were analog bandpass filtered on-line from 0.5 Hz 

to 70 Hz, amplified with a gain X 1338 and converted using an Analog-to-Digital (A/D) 

13 Due to a technical problem encountered during recording, not all data was available for analysis. 
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rate of 500 Hz. Eyeblinlc artifact was removed off-line, and the continuous data files 

were segmented into recorded sweeps consisting of 100 millisecond pre-stimulus, 500 

millisecond post-stimulus epochs. Epochs containing voltage deflections greater than 

100 j.tV were deemed to be contaminated by artifact and were rejected off-line. 

Remaining epochs were baseline corrected and filtered off-line using a 30 Hz low pass 

filter (12 dB/octave). All data and resulting waveforms were recorded from the electrode 

Cz, following Sharma and Dorman (1999) and Tremblay et al. (2001). 

4.3. Results 

Figure 4.1 presents the results obtained from BS2, whose Li is Polish. She began 

acquiring L2 English in school in kindergarten at the age of 5. 

Figure 4.1. Averaged responses to /./ and /r/from an Li Polish speaker 
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Recall that we are assuming that waveforms with different N100 peak latencies or 

distinct Ni00 waveform morphologies were indicative of separate phonological 

representations for the segments being examined, following Sharma and Dorman (1999). 

That is, a difference in response along either dimension with respect to the N100 would 

be viewed as evidence of separate categories. Our previously discussed results showed 

very similar NiOO responses for the rhotics being examined for any given participant in 

that peak latencies were nearly identical for all three rhotics, suggesting a single 

underlying representation. The data presented above illustrate a very different scenario, 

as the N100 deflections differ in overall appearance: the N100 elicited by In shows a 

second negativity occurring 140 msec post-stimulus. Additionally, the main Ni00 peak 

elicited by In occurs earlier than that elicited by Li!. This suggests that separate 

categories with separate underlying phonological representations are available for the two 

rhotic segments. With respect to the Ni - P2 complex, we find here a picture similar to 

that we have already seen, in that the amplitude of the Ni - P2 complex elicited by the 

L2 segment is smaller when compared with that elicited by Ii!. Considering the fact that 

for this particular participant, In/ is actually an Li segment while Ii/ is not, this finding is 

particularly interesting: all data considered thus far has suggested that the Ni - P2 

complex is largest for the Li rhotic. The observed reversal for this participant may be 

related to her claim that she is more comfortable using English (her L2) than Polish (her 

Li). 
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Figure 4.2 presents the results obtained from BF3, who was enrolled in a French 

immersion program throughout elementary school beginning in grade 1 at the age of 6. 

He continued studying French in a classroom setting for two years in junior high and one 

year in high school. 

Figure 4.2. Averaged responses to /.i/ and /pJfrom an Li English speaker with childhood 
exposure to French 
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Again, as was seen in Figure 4.1 above, we can make note of a difference in N100 overall 

shape and peak latency in the neural responses to the two rhotics: the N100 peak elicited 

by /J occurs earlier than that elicited by Iii, an even greater difference than that observed 

in Figure 4.1 above. This again suggests separate categories with appropriate 

phonological representations for the two rhotic segments being examined. The Ni - P2 
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complex is also larger for hi than for 1pJ, which is consistent with the pattern emerging in 

all data considered thus far. 

Figure 4.3 below presents the results obtained from BFI, who began studying 

German in a non-immersion setting at the age of 7 and had continued to do so up until the 

time of testing at age 19, save for a period of three years (junior high school). Like 

French, German has 1pJ in its phonemic inventory (Prowe 2001). 

Figure 4.3. Averaged responses to /..i/ and /Jfrom an Li English speaker with childhood 
exposure to German 
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Here, while the N100 overall shape and peak latencies obtained for the two rhotics differ, 

it is interesting to note that the direction of difference is the opposite of what was 

observed for BF3: the N100 response for li occurs later than that for hi. In spite of this 
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difference, overall these results fall in line with the pattern that is beginning to emerge - 

exposure to the L2 rhotic during childhood results in different neural responses, 

suggesting distinct phonological processes. 

Figure 4.4 below presents the results obtained from Subject BF4, who was 

enrolled in a French immersion program in elementary school from kindergarten (age 5) 

up until grade 2. He continued studying French in a non-immersion classroom setting for 

four additional years (up until grade 6). 

Figure 4.4. Averaged responses to /.il and /plfrom an Li English speaker with some 
childhood exposure to French 
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These results are quite different from those obtained from subject BF3: for both rhotics, 

the Ni 00 responses look remarkably similar, and the Ni 00 peak latency occurs within the 
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same time frame. That is, this individual appears to be categorizing the two rhotic 

segments within a single category - he does not have distinct phonological 

representations for these. Further, the Ni - P2 complex elicited by IpJ is much smaller 

than that observed for BF3, reflecting a lesser amount of synchronous neural activity 

occurring in response to this segment. 

Figure 4.5 below presents the results from E7, who was recruited as a 

monolingual English speaker but was found to have had three years exposure to French 

through an immersion program in elementary school beginning in kindergarten (age 5). 

Figure 4.5. Averaged responses to /.i/, /iil, and /r/from an Li English speaker with some 
childhood exposure to French 
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Much like what was observed with BF4, this participant seems to follow the pattern that 

was established among monolinguals (Chapter 2) and adult L2 learners (Chapter 3), in 

that the MOO overall shape and peak latency for all three rhotics is very similar, 

indicating that all three segments are being assigned to a single category. Further, Ni - 

P2 complex amplitude seems to set a distinction between the native hi and the non-native 

IJ and In, with the native segment eliciting greater synchronous neural activity. Again, 

this is the pattern that was observed to occur in monolingual English speakers in Chapter 

2. 

Two additional participants were not included in earlier analyses owing to the fact 

that they had acquired a second language other than French or Spanish as adults. Figure 

4.6 below presents the results obtained from BS5, who was an intermediate speaker of 

Finnish. Finnish, like Spanish, contains an alveolar trill In in its phonemic inventory 

(Karlsson 1999). This individual began acquiring Finnish in an immersion setting at the 

age of 18. 
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Figure 4.6. Averaged responses to 1.1/ and /r/from an Li English speaker with adult 
exposure to Finnish 
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These results also follow the general pattern observed among monolingual English 

speakers and adult L2 learners of varying proficiency: both rhotics elicit N100 responses 

with similar shape and peak latency, and the native hi elicits a much larger Ni - P2 

complex than the non-native in. That is, both iii and in are assigned to a single (Li) 

category. 

Figure 4.7 below presents the results obtained from E5, a native speaker of 

English who was also an intermediate speaker of Italian. This individual began studying 
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Italian in a non-immersion classroom set in an immersion environment 14 at the age of 15. 

Like Spanish, Italian has In in its phonemic inventory (Messora 1983). 

Figure 4.7. Averaged responses for /.i' /iil, and /r/from an Li English speaker with adult 
exposure to Italian 
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These results are noticeably different from those obtained thus far: this individual seems 

to have distinct neural responses for the three rhotics with respect to both the N100 as 

well as the Ni - P2 complex amplitude. The Ni 00 response elicited by In occurs with an 

earlier peak latency, coupled with a noticeable second negativity occurring 140 msec 

post-stimulus. Further, the MOO elicited by trtl does not describe a smooth curve as it 

approaches P2, whereas the N100 elicited by Iii does. This suggests that this speaker has 

14 This individual reports attending a boarding school in Italy where all material was taught in English, save 
two Italian language courses. 
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established separate categories with appropriate phonological representations for all three 

rhotic segments under consideration. The data considered in previous chapters led us to 

predict the precise opposite outcome for this individual: we would have expected to see 

evidence of a single representation for all rhotics. Given the relatively small number of 

participants examined throughout this research, we cannot say with certainty whether 

E5's data should be considered a genuine counterexample to the analysis being 

formulated thus far, or if we should consider her an exceptional language learner, in that 

her electrophysiological data suggest that she is able to acquire novel phonological 

features and thus construct appropriate underlying representations to form new categories 

for classifying rhotic segments. Only further expansion of the data pool will allow us to 

decisively select one of these possibilities as being correct. 

4.4. Discussion 

The results of the present analysis suggest a pattern that is in keeping with the one 

emerging from the previous chapters: adult L2 learners cannot acquire new phonological 

features. The overall shape and peak latency of N100 responses elicited by Li and L2 

rhotics indicate that these segments are assigned to a single category, and thus are 

assigned a single phonological representation: that appropriate to the Li rhotic. 

We can note, however, that a different pattern emerges for those speakers who 

have had childhood exposure to a second language (BFI, BF3). These individuals have 

neural responses that indicate that they have acquired some L2 phonological feature that 

would otherwise be absent from the Li; here, both individuals have acquired both the 

[PHARYNGEAL] node and the [vibrant] node required for an appropriate representation 
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for IpJ. The presence of these features allows them to establish separate categories for the 

two rhotics. Of course, this raises the question of how phonological features are 

extracted from an acoustic input; reasons of space prevent us from giving this topic a full 

and adequate treatment here (see Carroll (2001) for discussion of these issues). Many 

distinguishing characteristics of speech segments, such as place and manner of 

articulation, can be recovered from the acoustic signal (Borden et al. (1994): place of 

articulation is revealed through formant transitions, stops have a characteristic noise 

burst, vowel height and backness are correlated with formant frequencies, to name only a 

few examples. Brown (1997) proposes that this acoustic input is funneled into phonetic 

categories, which are in turn funneled into phonemic categories by available phonological 

structure. Acquisition of a particular feature, then, would arise as the result of two 

phonetic categories being used contrastively in the input, prompting the learner to 

establish some way to differentiate between the two phonologically. That is, learners 

would need to detect contrastive usage of two sets of acoustic signals in order to retrieve 

an appropriate phonological feature from UG that would allow phonological 

discrimination of these. It seems likely that both contrastive usage within one language 

and contrastive usage across two distinct languages would both serve to drive 

phonological acquisition in this view. Given that BFI and BF3 differ from the 

participants examined in previous chapters with respect to the age of initial L2 exposure, 

we can attribute the observed differences in neural patterns to this difference in exposure 

with some confidence: BFI and BF3 received the necessary input to drive phonological 
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acquisition at a stage when they were still able to retrieve novel phonological features 

from UG. The adult L2 learners discussed in Chapter 3, however, were unable to do so. 

The results further indicate that early childhood L2 exposure is necessary but not 

sufficient for the acquisition of L2 phonological features; in other words, there is some 

threshold level on the amount of exposure required. It appears that exposing a young 

child to a second language for a period of two or three years is not sufficient to trigger 

acquisition of new phonological features. While both E7 and BF4 attended a French 

immersion program in elementary school beginning at 5 or 6 years of age, much like BFI 

and BF3, neither shows evidence of having acquired the phonological features 

appropriate to 1pJ; N100 responses from both individuals indicate that they, like the adult 

L2 learners, are assigning both rhotics to a single category. Both rhotics are assigned a 

phonological structure that is appropriate to the native hi only. It appears that what 

distinguishes individuals like E7 and BF4 from individuals such as BF1 and BF3 is the 

length of the period of L2 exposure, summarized in Table 4.2 below. 

Table 4.2. Summary of early exposure to /iil and /.il 

Age of initial 
L2 exposure 

Length of L2 
exposure - 
immersion 

Length of L2 
exposure -  non- 

immersion 

Distinct 
representations? 

BFI 7 3 months 9 years yes 
BF3 6 6 years 3 years yes 
BF4 5 3 years 3 years no 
E7 5 3years -- no 

Both E7 and BF4 experienced a marked decrease in L2 exposure after three years: 

E7 had no further exposure to French after three years of immersion at school; BF4 had 
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French immersion at school up through grade 2, followed by a single French class each 

year through to grade 6. Both BF1 and BF3 experienced a longer period of L2 exposure: 

BF1 had classroom exposure to L2 German from the age of 7 onward, except for a period 

of three years while attending junior high school, thus giving her classroom exposure 

over a period that at the time of testing spanned approximately 9 years; BF3 had French 

immersion at school throughout elementary school, and continued with classroom 

exposure to French for two years of junior high and one year of high school. It appears to 

be the case that it is not enough to simply expose children to a second language, they 

must be exposed over a sufficient period of time before they are able to acquire 

phonological features that are absent from the Li. An open question that remains for 

future research is whether children such as E7 and BF4 ever show any evidence of having 

acquired these features - that is, are the features acquired, then lost due to lack of use? 

Or are they not acquired at all with this amount of exposure? 

The data obtained from BS2 also makes an interesting contribution to our 

discussion of these issues, as this individual reported that although Polish was her first 

language, English had become her dominant language, and she indicated that she 

considered her proficiency in Polish to be at an intermediate level. As Polish has an 

alveolar trill in its phonemic inventory, much like Spanish, we would expect that this 

individual would have the feature [vibrant] in her Li feature geometry. It was of interest, 

then, to see whether this feature was still available for constructing a representation for In 

in Spanish given that English had become her dominant language. The N100 responses 

indicated that [vibrant] was indeed present and available for the L2 phoneme 
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representation. This suggests a kind of permanence for the Li grammar: although for this 

speaker L2 English was dominant, the features of her Li remained available for 

constructing phonological representations for segments found in additional languages. 

It appears to be the case, then, that phonological features can be acquired and 

added to the grammar in Li acquisition, or in early L2 acquisition, but there appear to be 

constraints on the latter. That is, both age of initial L2 exposure and length of L2 

exposure play a role in determining whether new L2 phonological features can be 

acquired, such that the age of initial L2 exposure alone is sufficient to prevent adults from 

acquiring L2 phonological features, but insufficient in allowing young children to acquire 

these. In this case, the length of L2 exposure seems to play an important role. The 

results obtained from BS5 serve to further bolster the findings of Chapter 3: adults, 

regardless of amount of L2 exposure and proficiency, are unable to acquire new 

phonological features in a second language. 
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Chapter 5 

Summary and Implications 

5.1. General findings and implications 

The discussion of the first chapter of this thesis established four questions to be addressed 

through experimental research: 

1) Do monolingual English speakers differentiate between English hi and 

other rhotics? 

2) Do monolingual English speakers make distinctions among non-native 

speech segments based on absent phonological features? 

3) Can adult language learners trigger new structure (here, features) and 

build appropriate phonological representations for new segments? 

4) How does experience with a new segment in a second language affect the 

acquisition of this same segment in a third language? 

Investigation was carried out through analysis of event-related potential (ERP) data, 

which provide information about the perception and neural processing and encoding of 

speech segments. The particular neural responses examined were the N100, which is a 

major negative deflection in the waveform occurring between 80 and 140 milliseconds 

following the presentation of some auditory stimulus, and the Ni - P2 complex, which is 

the portion of the waveform consisting of the N100 and the following positive deflection, 

the P2. The N100 has been shown to reflect the categorical perception of speech 

segments (Sharma and Dorman 1999), such that speech segments which are assigned to 

separate phonological categories will elicit N100 responses with distinct peak latencies 
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and waveform morphologies. The Ni - P2 complex has been shown to reflect the 

amount of synchronous neural activity associated with the perception of an auditory 

stimulus (Tremblay et al. 2001), such that an increase in neural activity is indicated by an 

increase in Ni - P2 complex amplitude. The Ni - P2 complex has also been shown to 

reflect experience-related changes in neural processing, in that increases in accuracy on 

the perception of a novel sound contrast brought about by training were correlated with 

increases in Ni - P2 complex amplitude (Tremblay et al. 2001). Thus, distinct categories 

(and consequently distinct phonological representations) are evidenced by distinct Ni00 

response patterns, whereas degree of difficulty can be inferred by examining the rate of 

change in neural responses, with respect to both the Ni00 and the Ni - P2 complex: 

those segments that are easier to acquire due to their feature content will show changes in 

their neural processing at earlier stages of acquisition: either the N100 responses would 

be expected to diverge, indicating that separate categories have been established for the 

segments being examined, or the Ni - P2 complex amplitude would be expected to 

increase, indicating greater neural activity for those segments. In other words, if L2 

learners must acquire either some feature x or some feature y and x is easier to acquire 

than y, then we would expect to see evidence of feature x in responses from both beginner 

and intermediate L2 learners, but evidence of feature y should only be found in responses 

from the intermediate learners. We are now in a position to summarize the results of the 

experimental research that was carried out in order to find answers to these questions, and 

discuss the broader implications of our findings. 
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Recall that the first three questions were formulated upon consideration of two 

models of Li interference in L2 phonological acquisition: the strong Li feature 

hypothesis (Brown 2000) and the weak Li feature hypothesis (LaCharité and Prévost 

1999). The strong version claimed that only those phonological features that were active 

in the Li grammar were available for building phonological representations for novel L2 

segments, and if a given segment required a feature that was absent in the Li, that 

segment could not be acquired: the learner would never be able to build an appropriate 

underlying representation and establish a distinct category for this segment. This strong 

claim about the permanence of this effect was found to be supported by work carried out 

by Matthews (1997), as no amount of instruction or training brought about any 

improvement on contrasts involving such segments. In other words, L2 learners cannot 

acquire novel phonological features. The weak version, on the other hand, claimed that 

there were further distinctions involved for those segments that require an absent 

phonological feature: it was argued that those phonological features that serve as terminal 

nodes in the feature geometry tree (such as [vibrant]) were more easily acquired than 

those that serve as articulator nodes (such as [PHARYNGEAL]). This model of Li 

interference, then, differs from the strong version with respect to two claims: first, it 

predicts that among those new segments identified as being difficult to acquire, we can 

identify additional degrees of difficulty; second, it predicts that novel phonological 

features can be acquired in L2 acquisition, where success is a function of the segment's 

featural degree of difficulty. It is of interest, then, to evaluate the claims of both these 
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models in order to assess which one is more appropriate to the patterns that can be 

observed among L2 learners. 

Both of these models of Li interference were formulated on the basis of data 

gathered from L2 learners at various stages of acquisition. We felt that an extrapolation 

of their claims could be made in order to generate testable predictions about the initial 

state of L2 acquisition, before exposure to the second language. These were formulated 

as the first two questions listed above: for the first question, both versions predict that 

monolingual English speakers should differentiate between their native rhotic Ii/ and the 

new rhotics /pJ, found in French, and In, found in Spanish, for which the necessary 

phonological features are inactive in the grammar. The two versions diverge with respect 

to the second question, as only the weak version predicts that monolingual English 

speakers should maintain an additional distinction between /pJ and In as these segments 

differ with respect to the type of feature required for their representation that is missing 

from the Li grammar. 

The results detailed in Chapter 2 indicate that for monolingual English speakers, 

all three rhotics examined (Is], IpJ, and Irl) are assigned to a single category, suggesting 

that these individuals construct a single segmental structure for the phonological 

representation of all three segments: all three segments elicited nearly identical N100 

responses, any differences among these were not significant. There was evidence to 

suggest, however, that some distinction was being maintained within this category 

between the native rhotic hI and the two non-native trills, IpI and In!: the amplitude of the 
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Ni - P2 complex was significantly greater in response to Iii than in response to either 1pl 

or In. Furthermore, no significant difference in Ni - P2 complex amplitude was found 

between the responses elicited by the non-native segments. This data is then interpreted 

as empirical support for the strong Li feature hypothesis, in that while subjects do 

differentiate between native and non-native segments in the initial state, there do not 

appear to be any initial distinctions between new segments that are made on the basis of 

the type of absent phonological features required for appropriate representations. 

The third question guided the investigation described in Chapter 3 and sought to 

evaluate the two versions under consideration with respect to rate of acquisition of 

predicted problematic L2 segments in L2 learners whose initial L2 exposure had occurred 

in adolescence or adulthood. We compared the neural responses elicited by rhotic 

segments in L2 French learners and L2 Spanish learners at varying levels of proficiency. 

We examined beginner speakers with eight months of classroom L2 exposure, advanced 

speakers with a minimum 3 years of classroom exposure, and very advanced speakers 

with several years' classroom exposure and extended periods of adult L2 immersion. The 

results suggest that these learners were unable to establish a new category for the L2 

rhotic segment, regardless of the type of feature that is absent in the Li grammar or the 

length of exposure to the L2. For all groups, the Ni00 peak elicited in response to both 

native and non-native rhotics were remarkably similar. Much like the finding among our 

monolingual English speakers, the L2 learners appear to be constructing a single 

segmental representation for all rhotic sounds. Changes were observed in the amplitude 

of the Ni - P2 complex elicited in response to the non-native segment, with amplitude 
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increasing with L2 proficiency. That is, increased L2 proficiency led to an increase in 

subjects' ability to majce within-category distinctions between native and non-native 

rhotic segments. To couch this finding in Brown's (1997) model of the mapping of 

acoustic signals to phonemic categories, this could be interpreted as learners' non-native 

phonetic categories becoming increasingly robust and well-defined (within the native 

phonemic category). That is, while [R] is assigned to the phonemic category Iii 

regardless of L2 proficiency, the phonetic category becomes increasingly well-defined 

such that at some level, the learner is aware of the differences between [i] and [R]. 

It should be noted, however, that our interpretation of the weak Li feature 

hypothesis predicted that we should observe changes in the neural responses elicited by 

In before those elicited by lB.!, owing to the fact that while In requires a terminal node 

absent from English, /iJ crucially requires an articulator node absent from English. The 

data suggest a pattern that is the reverse of the one predicted: the Ni - P2 complex 

amplitude was shown to increase at an earlier stage of acquisition for IJ; beginner L2 

Spanish learners showed an Ni - P2 complex for In/ that was smaller than that obtained 

from beginner L2 French learners for Ii1. It was pointed out, however, that this pattern 

may be due to differences in the phonemic inventories of French and Spanish, the result 

being that while L2 French learners were learning to make a two-way within-category 

distinction among rhotics, L2 Spanish learners were learning to make a more complex 

three-way within-category distinction. Our observed pattern, then, is not to be considered 

a counterexample to the weak Li feature hypothesis. 
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In spite of our best efforts in recruiting participants, a number of individuals 

volunteered for the study whose experience with language did not fit the desired profiles. 

The presence of these subjects in our data sample allowed us to formulate our fourth 

question. This investigation demonstrated that it is possible to acquire novel 

phonological features in a second language, as indicated by distinct NiOO response 

patterns; there are, however, conditions that must be met in order for this to be achieved. 

The general pattern that emerges in the data indicates that new phonological features may 

be triggered in a second language if acquisition begins in early childhood, rather than 

adolescence or adulthood. That is, early childhood L2 exposure is a necessary condition 

for the acquisition of novel phonological features. Furthermore, there appears to be a 

minimum threshold level with respect to the duration of exposure, such that childhood L2 

exposure that does not meet this minimum requirement will not result in acquisition of 

non-native phonological features. Adult third language (L3) exposure to new segments 

that are also found in a previously acquired L2 does not appear to have any effect on the 

acquisition of the L3 segment. 

Generally speaking, then, the results of the present investigation best support the 

strong Li feature hypothesis: triggering of phonological features that are absent from the 

Li seems possible only with sufficient childhood L2 exposure, and the predictions made 

by the weak version with respect to degree of difficulty in acquisition are not borne out in 

the electrophysiological data. While adult L2 learners' neural responses to novel 

segments do show a change over time that has been argued to be associated with 

improved perception (Tremblay et al. 2001), crucially these changes do not result in the 
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creation of a new category for the L2 segment. If, however, initial L2 exposure occurs in 

early childhood (i.e., before the age of 9), and satisfies some minimum threshold criteria 

for length of L2 exposure, then the required phonological features will be acquired and 

appropriate representations for L2 segments can be built. 

Returning to our four research questions, the present electrophysiological results 

seem to indicate that: 

5) Monolingual English speakers assign both native and non-native rhotic 

segments to a single category; they do, however, maintain some 

distinction within this category between those segments which are native 

and those which are not. 

6) Monolingual English speakers do not make distinctions among novel L2 

segments on the basis of phonological features that are absent in the Li 

grammar. 

7) Adult language learners are unable to trigger new structure and thus 

cannot construct appropriate phonological representations for novel L2 

segments. 

8) Previous exposure to a non-native segment in a second language affects 

the perception and processing of this segment in a third language only if a 

sufficient amount of childhood L2 exposure has enabled the learner to 

acquire the necessary features, thereby allowing him to construct an 

appropriate phonological representation. 
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More broadly, the present findings suggest that adult L2 learners cannot acquire new 

phonological features in a second language. Further, we find no evidence that notions of 

degree of difficulty should be encoded by making reference to the feature content of a 

given segment. 

This, in turn, raises the question of why L2 learners cannot acquire novel 

structure. This is frequently attributed to a loss (Birdsong 1999, Long 1990) or decline 

(Yamada 1995) in neural plasticity that occurs progressively as learners age. This is the 

idea that neural structures are somehow "set" to accommodate the Li and cannot be "re-

set" (loss) or are increasingly difficult to "re-set" (decline) as we age; one promising 

proposal to account for this claims that as neuron axons develop their myelin sheath, 

neural pathways for various types of information become firmly established in the brain 

(see Long 1990). Our chosen research methodology allows us to comment on this issue, 

as ERPs directly measure electrical activity resulting from neural activity in the brain. 

The finding that the Ni - P2 complex elicited by novel L2 segments increases in 

amplitude with increasing L2 proficiency reveals that we cannot maintain an approach 

that incorporates a notion of loss of neural plasticity. We may, however, be able to 

support the notion of decline of neural plasticity, as we noted that although the amplitude 

of the Ni - P2 complex elicited by L2 segments increases with L2 proficiency, it is never 

of equal or greater amplitude than that elicited by Li segments. Additional work with 

expanded data pools is required in order to determine whether this notion will find robust 

empirical support, but at present the data discussed here leave us with an intriguing 

suggestion for further examination. 
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5.2. Future directions 

As discussed in previous chapters, the time-consuming nature of the experimental 

work described in this thesis prevented us from recruiting large numbers of participants 

for study, and it may therefore be more appropriate to view the current research as a pilot 

study. Nonetheless, the research achieves its purpose in that the experimental results 

present a clear picture of the neural processing of novel L2 segments, from the initial 

state before L2 acquisition begins through to a final state of near-native L2 proficiency. 

Due to the relatively small number of participants were involved in this research, it is of 

considerable interest to repeat the testing procedure described here with a larger group of 

participants; in a number of the groups examined, only one participant provided the data 

for analysis. Doing so would allow us to determine how robust the observed pattern is, as 

well as provide valuable insight as to how we should interpret any data that does not fit 

well with the emerging pattern. 

As with all scientific enquiry, as potential answers to existing questions are found, 

new questions are raised. The current results leave us with the question of how degrees 

of difficulty among L2 segments should be explained. While our findings suggest that 

these cannot be encoded into phonological representations through features, a potential 

confound with our chosen segments was identified: it was pointed out in Chapter 3 that 

native speakers of English must acquire a two-way within-category distinction for rhotic 

segments when acquiring French and a three-way distinction for rhotic segments in 

Spanish. We would therefore want to investigate this further with a larger number of 

participants and different L2 segments before completely abandoning the possibility that 
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phonological features account for observed degrees of difficulty. Additionally, the 

finding that not all individuals with childhood exposure to a second language succeed in 

acquiring novel L2 phonological features raises questions about how much exposure is 

required for successful acquisition. Additionally, the finding raises questions concerning 

whether all individuals with childhood L2 exposure acquire L2 features, which later 

become unavailable due to lack of use, or are the features never acquired if L2 exposure 

ends within a certain time frame? Questions such as these prompt us to carry out tests 

such as those described in this thesis with children. 

In sum, the experimental work described in this thesis explored a new and 

innovative technique for assessing L2 phonological acquisition. Examination of the data 

gathered suggests that the role of age of initial L2 exposure is absolute: adult L2 learners 

are not able to trigger novel phonological structures. Their knowledge of L2 segments 

does, however, undergo improvements with length of exposure and increasing 

proficiency, but these improvements do not result in a native-like representation for L2 

segments. Furthermore, our results suggest that if initial L2 exposure occurs in early 

childhood, the length of L2 exposure plays a role in that some minimum threshold criteria 

for exposure must be met, otherwise no evidence of distinct representations for new L2 

segments can be found when these individuals are tested later in life. With respect to the 

issue of whether observed degrees of difficulty in acquisition of L2 segments can be 

encoded using phonological features, our results indicate that this is not the case. Future 

research is needed, however, in order to identify plausible alternatives. 
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