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This dissertation project examined the influence of language typology on the use
of segmentation cues by second language (L2) learners of English. Previous research has
shown that native English speakers rely more on sentence context and lexical knowledge
than segmental (i.e. phonotactics or acoustic-phonetics) or prosodic cues (e.g., word
stresss) in native language (L1) segmentation. However, L2 learners may rely more on
segmental and prosodic cues to identify word boundaries in L2 speech since it may
require high lexical and syntactic proficiency in order to use lexical cues efficiently. The
goal of this dissertation was to provide empirical evidence for the Revised Framework for
L2 Segmentation (RFL2) which describes the relative importance of different levels of
segmentation cues. Four experiments were carried out to test the hypotheses made by
RFL2. Participants consisted of four language groups including native English speakers
and L2 learners of English with Mandarin, Korean, or Spanish L1s. Experiment 1

compared the use of stress cues and lexical knowledge while Experiment 2 compared the



use of phonotactic cues and lexical knowledge. Experiment 3 compared the use of
phonotactic cues and semantic cues while Experiment 4 compared the use of stress cues
and sentence context. Results showed that L2 learners rely more on segmental cues than
lexical knowledge or semantic cues. L2 learners showed cue interaction in both lexical
and sublexical levels whereas native speakers appeared to use the cues independently. In
general, L2 learners appeared to have acquired sensitivity to the segmentation cues used
in L2, although they still showed difficulty with specific aspects in each cue based on L1
characteristics. The results provided partial support for RFL2 in which L2 learners’ use of
sublexical cues was influenced by L1 typology. The current dissertation has important
pedagogical implication as findings may help identify cues that can facilitate L2 speech

segmentation and comprehension.
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Chapter 1 - Introduction

When reading texts, locating the beginning and end of a word is simple because
there is a visual gap between each word. When listening to speech, however, there is no
similarly reliable cue to indicate word boundaries. Imagine a person was watching the
news on TV and a reporter said, “morepeoplegettotheirdestinationbycar.” How does the
person know that by and car are two different words instead of one word, bicar? This is
the problem of segmentation that every language user must solve. One possible solution
is to use vocabulary knowledge. A native English listener knows that by and car are real
words in English but bicar is not; in such cases, identifying the boundary between by and
car is quick and effortless. However, segmentation becomes more difficult if words in the
spoken input are unfamiliar or the listener has a smaller vocabulary size. Imagine a
second language (L2) learner of English who does not recognize the word destination but
knows the word nation. The learner may erroneously segment destine from destination,
resulting in an inaccurate interpretation of the spoken phrase. The goal of this dissertation
research is to examine the various cues L2 learners rely on in their speech segmentation
and establish a Hierarchical Framework that describes the differential weight assigned to
the cues as a result of first language (L1) influence. This work has important pedagogical
implication as findings can potentially inform educators about how to improve L2
learners’ speech comprehension.

Segmenting continuous speech is a great challenge for both native and nonnative
speakers. Speech signal often do not contain breaks at word edges. Even when breaks
occur, they do not coincide with perceived word boundaries (Liberman, Cooper,

Shankweiler, & Studdert-Kennedy, 1967). Various cues have been suggested to facilitate
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Figure 1. The hierarchical framework of speech
segmentation proposed by Mattys et al. (2005).

speech segmentation, including prosodic cues (Cutler & Norris, 1988; Endress & Hauser,
2010), acoustic-phonetic cues (Mattys, 2004; Newman, Sawusch, & Wunnenberg, 2011),
lexical cues (Norris, McQueen, Cutler, & Butterfield, 1997), and semantic cues (Mattys,
White, & Melhorn, 2005). A Hierarchical Framework (Figure 1) has been proposed to
capture the weighted importance of these cues (Mattys, 2004; Mattys et al., 2005). At
Tier | of the hierarchy is sentence context which includes semantic, syntactic, and
pragmatic cues. Imagine a native English listener trying to recognize the target word
cremate from the sentence “an alternative to traditional burial is to cremate the dead;”
although mate is a real word, the listener would not predict a word boundary before mate
because the sentence context is about burial rather than friendship. Also belonging to Tier
| in the hierarchy is lexical knowledge. Words that are familiar to the listener can be
segmented and identified simply by matching the sound patterns in the signal with the
established phonological representation in the lexicon (e.g., match by car with /bai/ and

Ika/).



If lexical information is unavailable due to poor listening condition, speakers can
rely on segmental cues which are at Tier 11 of the hierarchy. For example, it has been
found that English speakers are more likely to lengthen word-final syllables (Umeda,
1975; Beckman & Edwards, 1987). Speakers who are sensitive to the acoustic cue of
duration may predict a word boundary following the lengthened syllable. Another
example of a segmental cue is phonotactic probability, which is the likelihood of
occurrence of a sound sequence in a certain position in the word (Storkel, 2001). When a
native English listener hears the phoneme /f/ (as in knife) followed by /m/ (as in man), he
or she can infer that there is very likely a boundary between /f/ and /m/ since /fm/ is not a
legal consonant cluster at the onset position in English. Finally, Tier 111 of the hierarchy
is prosodic cues such as word stress. Stress is lexically contrastive in English and there
are minimal pairs of words that differ only in stress location such as trusty and trustee.
However, the location of stress is generally unpredictable in English as stress can fall on
any syllable depending on syllable weight and word class. Due to its unpredictability,
stress may not provide reliable information about word boundary. In fact, stress cues are
only utilized by native English speakers when lexical or segmental information is masked
by noise (Mattys et al., 2005). In contrast, stress may be a more useful segmentation cue
in languages with demarcative stress such as Hungarian or Finnish.

The Hierarchical Framework is constructed based on findings from native English
speakers. It is not clear whether similar weightings of the various segmentation cues can
be generalized to L2 learners from different L1 backgrounds. Language typology may
result in the assignment of differential weights to the cues proposed in the hierarchy. For

example, cues at the lexical tier may be relatively less important for L2 segmentation



since L2 learners may need to establish a relatively large L2 lexicon in order to utilize
lexical knowledge. L2 learners have also been shown to be less sensitive to pragmatic
and syntactic structures in L2 sentences (Bardovi-Harlig & Dornyei, 2012; Jiang, 2007).
On the other hand, there is evidence suggesting that L2 learners tend to rely on L1
phonotactic, acoustic, and prosodic cues to segment L2 speech (Altenberg, 2005; Cutler,
2000; Weber, 2000). Thus, it is possible that L1 segmental and prosodic cues may be
more important in L2 segmentation. These observations lead to the following research

questions which guided the current dissertation project:

1. What is the relative importance of lexical, segmental, and prosodic cues in
L2 segmentation?

2. How does L1 typology influence the weighting of these cues in L2
segmentation?

3. Would L2 learners be able to utilize cues that do not exist in L1 to

segment L2 speech?

This dissertation research examined English L2 segmentation by learners with
Korean, Mandarin, or Spanish L1s. The reason for choosing these languages is that they
are typologically different in word stress and phonotactic constraints but share the same
property in metrical rhythm which is the durational regularities in speech. Korean,
Mandarin, and Spanish are generally classified as syllable-timed languages with roughly
equal duration between each syllable whereas English is a stress-timed language with
roughly equal duration between each stressed syllable. All three groups of L2 learners
share the same disadvantage if they segment L2 speech using L1 metrical cues. However,

it is unlikely that they would have the same weightings for other segmentation cues



examined in this study (e.g., word stress and phonotactic constraints) due to the
typological difference between English and each of the three L1s.

In summary, the goal of this dissertation research is to capture the differential
weights given to various segmentation cues based on language typology and propose a
model that describes the basis for L2 segmentation. This dissertation is organized as
follows: Chapter 2 is a review of the literature on the topic of segmentation by native and
nonnative speakers, with a focus on the integration of multiple segmentation cues and the
typological differences between L2 English and the L1s of interest. Chapter 3 is the
description of the characteristics of the participants who took part in the experiments.
Chapters 4-7 are detailed description of the four experiments and their results and
discussion. Finally, Chapter 8 discusses the results of the experiments in relation to the
proposed revised framework for L2 segmentation and concludes with limitations and

directions for future research.



Chapter 2 — Literature Review

Speech comprehension is a daunting task as lexical units or words in continuous
speech are not separated by silence. Researchers have identified a number of cues in the
speech signal that can facilitate speech segmentation for adult speakers. These cues
include sentence context (Dilley, Mattys, & Vinke, 2010; Mattys et al., 2005), lexical
knowledge (McQueen, Otake, & Cutler, 2001; Norris et al., 1997; Yip, 2004), acoustics
and phonotactics (Davis, Marslen-Wilson, & Gaskell, 2002; Gow & Gordon, 1995;
McQueen, 1998; Newman et al., 2011; Shatzman & McQueen, 2006) and prosody
(Cutler & Norris, 1988; Cutler, 1997; Endress & Hauser, 2010). Researchers have
suggested that speakers do not rely on each of the segmentation cues independently
(Mattys 2004; Mattys et al., 2005). Depending on language typology and listening
condition, speakers may assign differential weights to the cues and organizd them in a

Hierarchical Framework (Mattys et al., 2005).

Compared to the extensive literature in native segmentation, segmentation by
nonnative speakers or L2 learners has received relatively less attention. Cutler (2000) has
suggested that nonnative speakers tend to apply native segmentation strategies in L2
segmentation. Particularly, previous studies have shown that L2 learners may use L1
prosodic, acoustic, and phonotactic cues to segment L2 speech (Altenberg, 2005; Culter
& Otake, 1994; Cutler 1997; Otake, Hatano, & Yoneyama, 1996; Weber, 2000).
However, it is unclear whether L2 learners also weigh the segmentation cues differently
and integrate them in a hierarchical fashion like native speakers. To the best of the
current author’s knowledge, only one study has examined the integration of multiple

segmentation cues in L2 learners of English (White et al., 2010). Since the perceptual



system can capitalize on all relevant information present in the environment (Gomez,
2002; Mattys et al., 2005), it is likely that multiple cues are utilized simultaneously in
segmentation. Therefore, research on this topic must examine multiple cues in parallel to
reflect this process. The goal of this literature review is to draw from the existing research
in segmentation by native and nonnative speakers to propose a model that can make

predictions about cue integration in L2 segmentation.

This chapter is divided into three sections. The first two sections review the
existing literature in native and nonnative segmentation, respectively. Each section
includes the discussion of prosodic, segmental, and lexical cues and their integration. The
final section examines the influence of language typology on the use of segmentation

cues, particularly focusing on Korean, Mandarin, and Spanish L1s and English L2.

Segmentation in Native Speakers

Humans begin to acquire the ability to understand spoken language before the
first day of life. Research has shown that infants as young as two-days old prefer their
native language spoken by a stranger over a foreign language spoken by the same person
(Moon, Cooper, & Fifer, 1993). Infants’ sensitivity to their native language is driven by
prenatal auditory experience to their mothers’ speech before they were born (DeCasper,
& Spence, 1986). At one-month old, infants can discriminate between a pair of minimal
contrast, /ba/ and /da/ (Eimas, Siqueland, Jusczyk, & Vigorrito, 1971). By five months,
infants can discriminate between languages from different rhythmic classes such as
English which is stress-based and Japanese which is mora-based (Nazzi, Jusczyk, &

Johnson, 2000). Previous studies have suggested that infants develop the ability to



segment continuous speech at around 7-8 months (see Kuhl 2004 for a review). Some of
the cues that infants use include distributional probability (Saffran, Aslin, & Newport,
1996), stress pattern (Jusczyk, Houston, & Newsome, 1999), and knowledge about
familiar sounds and words (Bortfeld, Morgan, Golinkoff, Rathbun, 2005; Jusczyk &
Aslin, 1995). Interestingly, adults, who presumably have extensive knowledge about their
native language and acquired full competence in speech comprehension, also rely on
some of the same segmentation strategies as infants. In addition, Thiessen and Saffran
(2003) found that infants rely more on statistical cue at seven months of age whereas they
rely more on stress cues at nine months. Thus, another similarity between infant and adult
segmentation is the differential weightings of multiple cues. This section will begin with
a review of the use of prosodic, segmental, and lexical cues individually, follow by the

discussion of cue interaction and the influence of language typology on cue weightings.

Prosodic Cues

Several prosodic cues have been identified as useful in speech segmentation and
they include metrical rhythm (Cutler & Norris, 1988), lexical stress (Endress & Hauser,
2010), and intonation (Diley et al., 2010). While Endress and Hauser argued that stress
may be a language-universal segmentation mechanism, Cutler and Norris proposed that
metrical segmentation is a language-specific strategy based on metrical rhythm.

Languages differ in their metrical rhythm. Stress-timed languages such as English
and Dutch exhibit a strong contrast between strong and weak syllables and strong
syllables have longer duration than weak syllables. The Metrical Segmentation Strategy
(MSS, Cutler & Norris, 1988) hypothesis predicts that English speakers segment speech

at the onset of every strong syllable, which is a syllable with a full vowel that can



potentially be stressed. Using the word-spotting paradigm, Cutler and Norris (1988)
found that recognition time for a real word, mint, is longer in nonsense syllables mintayve
compared to mintesh because tayve, a strong syllable with a full vowel, triggers
segmentation and lexical search. This delays the recognition of mint because the word-
final /t/ is initially considered as the onset of the nonword tayve. In contrast, the second
syllable in mintesh is weak and the sequence is not divided, thus there is no obstacle in
detecting the embedded word. The strategy of segmenting English speech at strong
syllable onsets may be effective for lexical access since approximately 70% of English
disyllabic content words begin with a strong syllable (Cutler & Carter, 1987). Dutch has a
similar distributional pattern in its vocabulary (van Heuven & Hagman, 1988) and the use
of MSS has also been observed in Dutch speakers (Vroomen, van Zon & de Gelder,
1996).

Languages such as French and Spanish have a syllable-based rhythm in which the
duration of each syllable is approximately equal. Researchers have found that it was
easier for French and Spanish speakers to detect the syllable ba in balance than in balcon
Cutler, Mehler, Norris, & Segui, 1986; Sebastian-Galles, Dupoux, Segui, & Mehler,
1992). Speakers of syllable-timed languages tend to place a word boundary between two
syllables with approximately equal duration. In this example, the boundary should be
placed between bal and con and bal does not match the target ba. Japanese is a mora-
timed language and each mora is consisted of the syllable nucleus and an optional onset.
Thus, Japanese speakers segment the word pokemon as po-ke-mo-n. It was found that
Japanese speakers segment speech at the boundaries of mora (Otake, Hatano, Cutler, &

Mehler 1993). These results suggested that, despite the typological difference in metrical
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rhythm, native speakers across a variety of languages consistently utilize metrical cues in
speech segmentation. One potential problem for the MSS is that there are languages that
cannot be strictly classified as syllable-timed or stress-timed. For example, Mandarin
Chinese is often classified as a syllable-timed language (Mok, 2008). However, there is a
considerable degree of vowel reduction in syllables that carry the neutral tone (Chao,
1968) and vowel reduction shortens the duration of the syllable. It is unclear whether
Mandarin speakers segment speech at strong syllable onsets, at syllable onsets, or both.
Endress and Hauser (2010) have suggested that word stress is a less language-
specific segmentation cue than metrical rhythm. Stress is mainly realized through three
acoustic correlates, namely, intensity, pitch, and duration of the syllable (Hayes, 1995).
Languages with more initial-stressed words (e.g., English) tend to rely on pitch to signal
stress whereas languages more with final-stressed words (e.g., French) tend to realize
stress through duration (Hayes, 1995). In other words, speakers may be able to utilize this
regularity in the implementation of initial versus final-stress to locate word boundaries.
Endress and Hauser (2010) found that monolingual English speakers were able to identify
the target words in French and Hungarian speech. Hungarian has fixed stress on the
initial syllable and it belongs to a different language family from French and English. The
finding that speakers can use prosody to segment words spoken in entirely unfamiliar
languages implies that there is a language-universal mechanism for stress segmentation.
However, this conclusion is problematic because Endress and Hauser (2010) did not
examine segmentation in languages with no word-level stress such as Korean and
Japanese. Speakers of these languages may not be sensitive to the acoustic cues for stress

realization. Conversely, English speakers may not use stress cues to segment real Korean
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or Japanese speech as these languages have neither fixed nor free stress. Since word-
stress is not a language-universal prosodic feature, there is no reason to suggest that all
speakers can rely on word-level stress cues in segmentation.

Besides prosodic cues at the word level, researchers have also found that speakers
utilize phrase-level prosody to disambiguate speech input (Dilley & McAuley, 2008).
Speakers tend to group intonation with repeated alternations between a high (H) and a
low (L) tone as binaries (e.g., (HL)(HL)(HL) or (LH)(LH)(LH)). Dilley et al. (2010)
presented English speakers with four monosyllabic words (e.g., foot, note, book, and
worm) that can be grouped in more than one way (e.g., footnote bookworm or foot
notebook worm). They were instructed to identify the final word in the phrase.
Participants were more likely identify the final word as disyllabic with the HLHL
intonation whereas they were more likely to choose the monosyllabic interpretation with
the HHLH intonation. Although the researchers did not examine this segmentation cue in
other languages beyond English, phrase-level prosody may be less language-specific than
word stress. Korean does not have word-level stress, but it has an intonation pattern of
high and low tones. Korean speakers can potentially use a similar segmentation strategy

like that used by the English speakers in Dilley et al. (2010).

Segmental Cues

Segmental cues that can facilitate native segmentation include acoustic-phonetic
cues (Gow & Gordon, 1995; Newman et al., 2011; Shatzman & McQueen, 2006),
phonotactic cues (McQueen, 1998; Church, 1983; Vroomen et al., 1998), and
coarticulation (Mattys, 2004). There is a high degree of language-specificity for acoustic

and phonotactic cues as certain phonemes and rules exist in one but not another language.
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In English, allophonic differences of how phonemes are realized in different
syllable positions, such as increased aspiration for voiceless stops at word-initial position,
can be used by speakers as cues to word boundaries (Christie, 1974; Davis et al., 2002,
Nakatani & Dukes, 1977). Lehiste (1960) found that word-initial segments are also
longer in duration than equivalent segments that are not word initial. Specifically,
lengthening the duration of /s/ delayed word recognition time for Dutch speakers when
the target word was pot following a word with coda /s/ since longer duration of /s/

activated the competitor word spot (Shatzman & McQueen, 2006).

English also has a set of phonotactic constraints that can help a listener identify
word boundaries. For example, the phoneme /h/ is always syllable-initial and /1/ is
always syllable-final (Church 1983). Native English speakers may predict a word
boundary preceding /h/ and a boundary following /n/. Phonotactics can occur at the level
of a single sound (i.e. /y/) or at the level of biphone. For example, in English, no /tl/
clusters are allowed within a syllable. Thus, English listeners may predict a word
boundary between the two sounds when they hear /t/ followed by /I/. In languages with
vowel harmony rules such as Finnish, a clash in vowel harmony often signals word
boundary. Vroomen et al. (1998) asked Finnish speakers to identify CVCV target words
preceded by a CV prefix and the vowel of the prefix was either harmonious or
disharmonious with the vowels of the embedded target. Participants were faster to
identify target words preceded by the prefix with a disharmonious vowel. The same result
was not found in Dutch or French speakers who do not have vowel harmony rules in their
languages. These results suggested that speakers utilize allophonic and phonotactic cues

in segmentation, if they are available in the language.
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It is important to differentiate between phonotactic constraints that involve
absolute legality (the fact that /h/ can only occur syllable-initially ) and those that involve
probabilities. One example of this is that English content words generally do not end with
a lax vowel. English speakers who are sensitive to probabilistic phonotactics may be less
likely to place a word boundary after a lax vowel (Newman et al., 2011). However,
research has found that the probabilistic phonotactics of a syllable-final vowel were not
taken into consideration by English listeners (Newman et al., 2011; Norris, McQueen,

Cutler, Butterfield, & Kearns, 2001).

Coarticulation describes a production phenomenon in which segments at the edge
of words or phrases tend to have more clear articulation and less overlap with adjacent
segments than those within the word (Fougeron & Keating, 1997). In a cross-modal
priming task (Mattys, 2004), native English speakers were presented with an auditory
phrase consist of a nonword context and the first two syllables of a trisyllabic real word
(e.g., diplo-compro). The task was to decide whether the letter strings following the
auditory phrase represented a real English word (e.g., compromise). Segmentation of the
target word was made favorable by concatenating the context and the target word (e.g.,
diplo-compro) or made unfavorable by concatenating the first syllable of the target word
with the second syllable (e.g., diplocom-pro). Concatenation disrupts continuous speech
and reduced coarticulation can be a cue for word boundary. Indeed, results showed that
lexical decision latency was faster when concatenation coincides with word boundary.
Although coarticulation may be a useful cue in English segmentation, it may not be
useful for speakers of tonal languages. Xu and Liu (2006) found that in Mandarin,

besides the simultaneous onset of the consonant and vowel, there is little or no
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coarticulation between other adjacent segments. Thus, Mandarin speakers may not use

coarticulation as a cue for word boundary in their native language.

Lexical Cues

Lexical cues for segmentation can be divided into cues at the word level and cues
at the sentence level. At the word level, Norris et al. (1997) have proposed the Possible
Word Constraint (PWC) hypothesis which postulates that the result of segmentation must
be a possible word in the listener’s language. This constraint operates under the premise
that the syllable is the smallest unit that could be a word and all words must contain a
vowel. It has been found that the identification of apple is easier in vuffapple compared to
fapple because vuff is a well-formed syllable but f is not (Norris et al., 1997). The use of
the PWC as a segmentation cue has been observed in speech segmentation by native
speakers of Cantonese (Yip, 2004) and Japanese (McQueen, Otake, Cutler, 2001) (but see

Hanuliova, McQueen, & Mitterer, 2010).

Another type of word-level lexical cue is the listener’s knowledge about his/her
mental lexicon. Mattys et al. (2005) have found that recognition of real words is faster
than that of nonwords even though they are embedded in the same phrase context and
matched for phonotactic probabilities of the phonemes. For example, the target word
already is recognized faster in the phrase animal already than in erromal already. On the
other hand, English speakers do not appear to use neighborhood density as a cue for word
boundaries. Neighbors are words that differ from one another by the addition, deletion, or
substitution of one phoneme in any place of the word. For example, some of the
neighbors of cat are mat, cap, at, and cash. Previous research has shown that spoken

words with a dense neighborhood are recognized slower than words in a sparse
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neighborhood (see Luce & Pisoni, for a review). However, neighborhood density does
not seem to influence segmentation. Newman et al. (2011) found that word recognition
time did not differ significantly regardless of whether the target words were preceded by

syllables with a high or low density neighborhood.

Beyond the word level, there is evidence showing that speakers use semantic
context in segmentation. Dilley et al. (2010) asked participants to identify the final word
in auditory phrases. The final syllable can be parsed as either a disyllabic or a
monosyllabic word (e.g., turnip or nip). The phrases were either semantically related to
the monosyllabic parsing (e.g., puppy biting cry sister nip) or to the disyllabic parsing
(e.g., garden veggie crisis turnip). Participants identified more disyllabic words when the
semantic context was consistent with the disyllabic parsing. In another word recognition
task, Mattys et al. (2005) found that response latency was faster when the target words
were semantically related to the preceding context (e.g., dressing gown vs. mayhem
gown). Sentence predictability also helps speakers to disambiguate sound sequences that
can be parsed in more than one way. For example, the spoken word career contains the
monosyllabic real word rear. The MSS predicts that English speakers would take longer
to identify career because segmentation occurs at every strong syllable onset and the
target word would be identified as rear. However, participants were significantly faster to
identify the visual target of career than rear when it was preceded by a sentence context
consistent with the disyllabic parsing (e.g., He worked hard for many companies to
further his___ ). These results suggested that participants may not always rely on

metrical rhythm for segmentation if higher-order cues (e.g., semantic) are available.
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Cue Integration

Segmentation cues can be largely categorized into three major levels: prosodic,
segmental, and lexical. All of the cues may be simultaneously available in the speech
input and they may interact to contribute to segmentation jointly. Thus, researchers have
recently begun to examine cue integration in native segmentation (Mattys, 2004; Mattys
et al., 2005; Newman e al., 2011). Mattys et al. (2005) have proposed the Hierarchical
Framework (Figure 1) that captures the weighted importance of the three levels of cues.
At the top of the hierarchy is the lexical tier which includes sentence context and lexical
knowledge. Tier Il is the segmental tier which includes acoustic-phonetic and phonotactic
cues. Finally, Tier I11 is word stress. Speakers only resort to stress cues when speech
input is masked by noise which takes away information from the lexical and segmental

tiers.

This hierarchy was constructed based on results from a series of six experiments.
Experiment 1 compared the use of stress cues and coarticualtion. Results showed that,
when speech input was intact, segmentation was faster when concatenation coincided
with word boundary regardless of the stress pattern of the words (e.g., initial-stressed vs.
medial-stressed). In the noisy condition, speakers segmented initial-stressed words faster
regardless of the location of concatenation. Experiment 2 compared the use of stress and
phonotactic cues. Segmentation of the target word was made phonotactically favorable or
unfavorable by manipulating the probability of the biphone at word boundary (e.g., coda
of the preceding word and onset of the target word). For example, the biphone /mk/ has
low phonotactic probability and it is more likely to occur across two words than within

one word. When speech signal was intact, faster segmentation was observed in phrases
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with low biphone probability, regardless of stress patterns of the target words. In the
noisy condition, segmentation was faster for initial-stressed words regardless of the

biphone probability of the phrases.

The use of lexical knowledge and stress cues was compared in Experiment 3.
Mattys et al. (2005) found that segmentation was faster when target words were preceded
by real words (e.g., criminal-compromise) than when they were preceded by nonwords
(e.g., lectinal-compromise), regardless of the stress patterns of the target words. When
noise was added to the auditory stimuli, initial-stressed words were segmented faster than
medial-stressed words despite the lexicality of the preceding word. Experiment 4
compared the use of phonotactic and lexical cues. When speech input was intact,
speakers showed faster segmentation latency when target words were preceded by real
words, regardless of the biphone probability. When lexical information was neutralized
by truncating the first syllable of the real word (e.g., calculus male = culus male),

speakers relied more on segmental cues instead.

Experiment 5 compared the use of phonotactic and semantic cues. Word
recognition time was faster when target words were semantically related to the preceding
words than when they were semantically unrelated, regardless of the biphone probability.
Experiment 6 compared the use of stress cues and sentence context. In the intact
condition, participants were more likely to parse the target words as iambic words when
the sentence context is consistent with the disyllabic meaning (e.g., contest). With
increasing noise in the speech input, participants were more likely to parse the target
words as monosyllabic words (e.g., test) despite the sentence context. Results from all six

experiments suggested that under optimal listening condition, speakers would
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consistently rely on semantic and lexical cues. They also assign more weight to
segmental cues than to stress cues. However, lower level cues would become useful when

the higher level cues are unavailable or inefficient in degraded listening conditions.

Within the segmental level, speakers may assign more weight to allophonic cues
than to phonotactic probabilities (Newman et al., 2011). Allophonic cues are the different
realization of a phoneme, depending on its position in the syllable. For example, great
eye and grey tie can be differentiated by allophonic cues such as the longer duration of
word final /er/ and longer voice onset time (VOT) of the syllable-initial /t/. In this study,
phonotactic probability is operationlized as the frequency of vowel occurrence. In
English, it is more frequent that syllables end with tense vowels than lax vowels.
Newman et al. did not find any vowel effect when there were strong allophonic cues
present. This result suggested that there may be another sub-hierarchy within the
segmental tier in which English speakers would weight allophonic cues over phonotactic

cues.

One major limitation of the Hierarchical Framework is that it is built based on
findings solely from native English speakers. It is unlikely that, due to language typology,
speakers of other languages also weigh the three levels of segmentation cues in a similar
fashion. For example, stress cues in English have relatively small information value about
word boundary (Mattys et al., 2005) since the location of stress is unpredictable in
English. Stress may be a more reliable segmentation cue if it serves a demarcative
function (Jakobson, 1971). In demarcative stress languages such as ancient Hungarian or
Finnish, stress is systematically assigned to the nth syllable or mora from the word

boundary. Speech segmentation can be easily accomplished by applying the same
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counting strategy to every word. Thus, stress cues may be given the most weight among
all segmentation cues by Hungarian speakers. Standard English is traditionally
considered to comprise of 24 consonants and most of which can be onsets and codas. The
African language, X066, which is spoken in Botswana, has 122 consonants and a very
large number of them can only occur word-initially (Trail, 1985). Since the speech signal
is processed sequentially from onset to coda, the presence of one of the consonants that
only occur word-initially in the spoken input would result in immediate identification of
word boundary before the listener hears the coda and completes the word recognition
process. In this case, phonotactic cues would probably be given more weight than lexical
Cues.

Even in languages with less systematic phonotactic cues or with no demarcative
stress, there is evidence suggesting that stress cues are given more weight than acoustic-
phonetic cues. Vroomen, Tuomainen, and de Gelder (1998) compared word stress and
vowel harmony as potential segmentation cues in Finnish. The front-back vowel harmony
rule prohibits the co-occurrence of vowels from the front and back harmony class in an
uncompounded word. Thus, a clash in vowel harmony in Finnish is typically associated
with a word boundary. Finnish has a fixed stress system in which primary stress always
falls on the initial syllable (Karlsson, 1999). Stress may be a reliable indicator of word
boundaries since it coincides with the beginning of the word. Vroomen et al. (1998, Exp
2) found that Finnish speakers recognized the target words with a stress cue faster than
those without a stress cue in the disharmonious vowel condition. In Experiment 3, native
Finnish, French, and Dutch speakers were taught an artificial language with vowel

harmony rules. There is no vowel harmony in French or Dutch, but the former has fixed
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stress on the word-final syllable whereas the latter has free stress which predominantly
falls on the initial syllable. Finnish speakers only showed the effect of vowel harmony in
the absence of stress cues. Dutch speakers did not show any effect of vowel harmony but
a robust stress effect. Neither a vowel harmony nor stress effect was observed in French
speakers.

In summary, demarcative stress in Finnish, phonotactic cues in 1X68, and vowel
harmony in Finnish consistently showed that the use of segmentation cues and their
weightings can vary greatly depending on language typology. How do humans, with the
same innate cognitive system, come up with vastly diversified and mostly language-
specific cues to this language-universal problem of speech segmentation? Models
constructed based on studies of individual languages cannot provide insight into this
inquiry. More comparative studies such as VVroomen et al. (1998) are greatly needed.
Segmentation in Non-Native Speakers

There are four reasons why adult L2 learners would be an ideal population to test
whether speakers adjust their weightings of various sources of information depending on
their language experiences. First, L2 learners may not be able to use lexical cues and
sentence context (e.g., semantics, syntax and pragmatics) efficiently until they have
developed a decent size L2 lexicon and constructed semantic representations for L2
words. Thus, semantic and lexical cues may be given less weight in L2 segmentation.
Second, adult L2 learners are proficient speakers of their L1 and should have already
established weightings for various cues based on the typology of L1. The differential
weights given to L1 segmentation cues may have cross-linguistic influence on the process

of breaking up continuous speech from a less familiar language. Third, examining
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multiple groups of L2 learners by using the same set of tasks may reveal the universality
of certain cues in L2 segmentation. If L2 learners from a diversity of L1 backgrounds
give similar weights to an acoustic cue, presumably this cue is less language-specific and
may be utilized by beginning learners with no extensive L2 lexical knowledge. Fourth,
identifying cues facilitative to L2 segmentation may inform language instructors how to
improve L2 learners’ listening proficiency.

Although studies of L2 segmentation are scarce, there is evidence suggesting that
learners apply their native strategies to segment L2 speech (Cutler, 2000). Previous
research has shown that L2 learners often rely on L1 prosodic, acoustic-phonetic, and
phonotactic cues (Altenberg, 2005; Otake et al., 1993; Weber, 2000). Although only one
study has examined cue interaction in L2 segmentation (e.g., White et al., 2010), it

appears that L2 learners also assign differential weights to cues just like native speakers.

Prosodic Cues

Metrical segmentation is a language-specific strategy and L2 learners may
inappropriately apply their L1 metrical segmentation strategy to process L2 speech. For
example, French is a syllable-timed language. Yet native English and Dutch speakers,
who segment their native speech at every strong syllable onset, do not segment French
speech syllabically (Cutler et al., 1986; Cutler, 1997). French speakers segment Japanese
and English speech at syllable boundaries even though native Japanese and English
speakers do not (Otake et al., 1993; Cutler et al., 1986). Cutler (2000) referred to the
application of L1 segmentation strategy to L2 speech as listening to the L2 through the

ears of the L1. Unlike native segmentation in which the clarity of the speech signal can
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change the weights assigned to various levels of cues, it appears that the use of cues in L2
segmentation is dictated by the L1 typology of the L2 learners, not the speech input.
Despite the differences in metrical rhythm, Sanders, Neville, and Woldorff (2002)
have shown that Japanese L2 learners of English were able to use stress cues to segment
L2 speech. In a phoneme monitoring task, participants were presented with sentences all
made up of nonwords but with normal English prosody. Stress pattern was varied by
including words that contained target phonemes in different positions and syllables of
different stress. The target can be the onset of a stressed or unstressed syllable in the
initial or medial position of the word. The Japanese L2 learners showed native-like
performance in this task. They were faster to identify the target phoneme when it was in
the typical English stress pattern (strong-initial and weak-medial) compared to an
infrequent English stress pattern (weak-initial and strong-medial Even though Japanese is
mora-based, results from this study suggested that L2 learners were able to adopt a stress-
based segmentation strategy in which they tend to segment at the onset of every strong
syllable. However, it is unclear whether the L2 learners were indeed segmenting speech
at every strong syllable onset or were simply relying on the acoustic cues of the stressed
syllables (e.g., higher pitch and intensity and longer duration) to identify the target
phonemes. More importantly, using nonwords to construct the sentences took away
semantic and lexical cues. Thus, it remains to be seen how stress cues interact with
semantic and lexical cues in L2 English segmentation by native Japanese and Spanish

speakers.
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Segmental Cues

In addition to metrical rhythm, nonnative speakers tend to inappropriately apply
L1 phonotactic cues to L2 segmentation. Weber (2000) found that it was easier for
English speakers to detect luck in moyshluck than in moysluck because no real English
word begins with the sequence shl- whereas sl- is a legal sequence in English (e.g., slack).
The opposite result was observed in highly competent German L2 learners of English
because sl- is a phonotatically illegal onset in German. Altenberg (2005) also found that
native Spanish speakers were better at using allophonic cues that exist in their L1 to
segment English speech than at using allophonic cues that do not exist in their L1. For
example, Spanish has no aspirated voiceless stops (Macpherson, 1975) whereas in
English, voiceless stops have stronger aspiration in word-initial position than those in
word-final position (e.g., cat /k&t/, /k/ has stronger aspiration than /t/) (Christie, 1974). In
both Spanish and English, glottal stops can be inserted before word-initial vowels (e.g.,

itch /itf7/ becomes /21tf/after glottalization) (Borden, Harris, & Rapheal, 2003; Stockwell,

Bowen, & Silva-Fuenzalida, 1956).

Spanish speakers were asked to identify a target word in ambiguous English
phrases that can be parsed more than one way. Their accuracy was higher when the
allophonic cue was glottal stop (e.g., 88% accuracy for the ambiguous phrase a niche/an
itch) than when the allophonic cue was aspiration (e.g., 55% for Lou stops/loose tops).
However, their accuracy was the highest when both types of allophonic cues were present
(92%). These results showed that Spanish speakers assign more weight to an allophonic
cue that is present in their L1, demonstrating the influence of L1 typology on the

weighting of segmentation cues. The differential weights assigned to segmentation cues
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may have important consequences in L2 speech comprehension as the results indicated
that Spanish speakers’ word identification accuracy was close to chance level for the
aspiration stimuli. The absence of aspirated voiceless stops in Spanish created difficulty

for utilizing this allophonic cue in L2 segmentation.

Lexical Cues

Only a few studies have examined the use of lexical cues in L2 segmentation.
Sanders et al. (2002) have examined the use of lexical and syntactic cues in L2 English
segmentation by L1 Japanese and L1 Spanish speakers. Participants listened to English
sentences and identified a target phoneme which was located either in the initial or
medial syllable. One set of sentences were normal English sentences, which were referred
to as semantic sentences by the researchers since the sentences provided information
about meaning. Another set of sentences were syntactic sentences as all open-class words
in the sentences were replaced by nonwords. These sentences had intact syntactic
structure but they were no longer meaningful. Both groups of L2 speakers and native
English speakers showed higher phoneme identification accuracy with the semantic
sentences than with the syntactic sentences. This result suggested that L2 learners were

able to utilize sentence context in segmentation, regardless of their L1 backgrounds.

Norris, McQueen, Cutler, Butterfield, and Kearns (2001) showed that the Possible
Word Constraint can be used in nonnative segmentation even though the constraints for
what constitutes a word differ across languages. For example, an open syllable with a
short full vowel such as /e/ or /& / cannot be a word in English whereas open syllables
with short vowels are acceptable words in French or Japanese (Cutler, 2001). Native

English speakers found it as easy to detect words (e.g., perturb / par'tsrb/) in contexts
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consisting of syllables which cannot be English words (e.g., /de/ in /depar'tsrb/) as in
contexts consisting of syllables which can be English words (e.g., /da/ in /dapar'tsrb/)
(Norris, et al., 2001). Only single consonant contexts (e.g., f in fapple) appear to make
word detection difficult and this is a consistent finding across languages (Cutler, 2001).

Thus, the use of lexical cues in L2 segmentation may not be influenced by L1 typology.

The use of lexical cues in L2 segmentation may be influenced by L2 proficiency
rather than L1 typology. It has been found that the link between the lexical representation
of L2 words and the corresponding conceptual representation is weaker compared to that
between L1 words and concepts (Kroll & Stewart, 1994). With increased proficiency, the
direct link between L2 lexical representation and the corresponding conceptual
representation will be strengthened. Thus, L2 learners may have to achieve a certain level

of L2 proficiency in order to take advantage of the L2 lexical and semantic cues.

Cue Integration

To the best of the current author’s knowledge, only one study has examined cue
interaction in L2 English segmentation. White et al. (2010) compared the use of stress
and lexical cues in native Hungarian speakers who have achieved various proficiency
levels in English. Participants were divided into two groups, beginning and intermediate
learners, to examine whether L2 learners’ use of lexical cues differed by their level of L2
proficiency. Unlike English, Hungarian is a fixed stress language in which stress
placement is always word-initial. The predictability of stress location in Hungarian may
render stress a more reliable segmentation cue in the participants’ L1. Therefore, the

second research question in this study is whether the presumed heavier weight of stress
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cues in L1 Hungarian segmentation would transfer when Hungarian speakers segment

English speech.

White et al. (2010) utilized the cross-modal priming paradigm. In each trial,
participants were asked to listen to a five-syllable phrase (e.g., anythingcorri) with visual
presentation of a three-syllable letter string (e.g., corridor) 100ms after the offset of the
auditory prime. The participants’ task was to determine whether the visual stimulus was a
real English word. The first three syllables in the auditory phrase were referred to as the
context (e.g., anything) while the last two syllables were referred to as the prime (e.g.,
corri). The independent variables were the lexicality of the context (e.g., anything or

imoshing) and the stress pattern of the prime (e.g., corri- or confu-).

Results showed that both the native English speakers and the Hungarian L2
learners responded faster to target words following real word contexts than nonword
contexts. The magnitude of priming did not significantly differ between initial-stressed
and medial-stressed words regardless of the lexicality of contexts. These results
suggested that both native and nonnative speakers used lexical knowledge in
segmentation. The absence of any advantage in initial-stressed prime also suggested that
neither of the two groups use metrical segmentation as predicted by Cutler and Norris’
MSS (1988). Furthermore, L2 speakers were divided into four groups based on their
performance on a proficiency test. The researchers did not find a lexical priming effect in
the lowest proficiency group, suggesting that L2 speakers with a small vocabulary size

did not utilize lexical knowledge in L2 segmentation.



27

White et al. (2010) concluded that the Hierarchical Framework can also be
generalized to Hungarian L2 learners who were able to exploit lexical cues in
segmentation. The absence of any stress effect is also consistent with the hierarchy which
predicts that speakers only resort to prosodic cues in degraded listening condition.
However, Hungarian learners may not use stress cues in segmentation not because they
are relatively less important than lexical cues but because Hungarian speakers do not
encode stress in their phonological representation. Previous research has shown that
speakers of fixed stress languages, such as French and Turkish, cannot discriminate
minimal stress pairs if the task prevents them from using acoustic cues (e.g., pitch,
intensity, and duration) by imposing a high demand on working memory (Dupoux,
Peperkamp, &, Sebastian-Galles, 2001). Thus, it is possible that Hungarian learners of
English could not utilize stress cues because they do not encode stress in phonological
memory. Peperkamp (2004) has suggested that for fixed-stressed languages like
Hungarian, stress can be assigned postlexically whereas for free-stressed languages like
English, stress should be encoded in lexical representation due to the unpredictability of

stress location.

Language Typology of Korean, Mandarin, and Spanish and the Revised
Framework for L2 Segmentation

The literature reviewed so far suggests that language typology greatly influences
the use of segmentation cues. For example, Finnish speakers use the clash of vowel
harmony as a cue for word boundary but not French or Dutch speakers because vowel
harmony does not exist in French or Dutch (Vroomen et al., 1998). In L2 segmentation,

French speakers segment Japanese speech syllabically even though Japanese is a mora-
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based language (Otake et al., 1993). This dissertation project will examine L2
segmentation by learners with Korean, Mandarin, or Spanish L1 and explore how this
language typology influences the interaction of segmentation cues. The reason for
choosing these three languages is that they are similar to English in one aspect or another.
For example, in terms of phonotactics, Mandarin, Korean and English have a phoneme
/y/ that can only occur syllable-finally but this phoneme does not exist in Spanish. On the
other hand, /s/ is a legal coda in both English and Spanish but not in Mandarin and
Korean. Korean and Mandarin speakers may be better at segmenting words that end with

/n/ whereas Spanish speakers may be better with words that end with /s/.

Prosodic Cues

In terms of prosody, Korean is typologically farthest from English compared to
Mandarin and Spanish. Korean does not have lexically contrastive stress (Jun, 2005;
Sohn 1999), and there is no minimal word pair differing in stress alone. Also, Korean
does not have fixed stress at the word level (Jun, 1995). A previous study conducted by
the current author found that Korean speakers have difficulty discriminating minimal
stress pairs (e.g., /'mipa/ and /mi'pa/) and they do not encode stress in phonological
representation (Lin, Wang, Idsardi, & Xu, under review). Stress cues may not be used by
Korean speakers to segment English speech and can be absent from Korean speakers’
hierarchy. On the other hand, both Mandarin and Spanish have lexically contrastive stress
and speakers of both languages have stress representation in phonological memory (e.g.,
Dupoux et al., 2001; Lin et al., in preparation). Mandarin may be more similar to English,
compared to Spanish, for two reasons. First, Spanish does not have vowel reduction

whereas a change in vowel quality is one of the cues signaling stress in Mandarin and
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English (Fry 1958; Shen, 1993). Second, stress mostly falls on the penultimate syllable in
Spanish (Navarro, 1966) whereas the predominant stress pattern is initial-stress in
English (Cutler & Carter 1987). In Mandarin, a weak syllable cannot be word-initial
(Duanmu, 2007) and thus initial-stress is a more frequent pattern. Since penultimate
stress does not coincide with the beginning or the end of the word, Spanish speakers may
give less weight to stress cues in segmentation. In contrast, Mandarin speakers can utilize
stress cue in segmentation since a weak syllable would not signal word onset. Overall,
stress cues may be given more weight than lexical cues because high L2 lexical
proficiency is not necessary to utilize stress cues if the L2 speakers can rely on their

sensitivity to stress as a result of exposure to a L1 with contrastive stress.

Segmental Cues

Previous research has demonstrated that the most reliable cues to word boundaries
are located at word onset (Davis et al., 2002). Cross-linguistically, onsets seem to be
marked by features such as aspiration (Lehiste, 1960; Nakatani & Dukes, 1977),
lengthening of word-initial phonemes and syllables (Klatt, 1973; Gow & Gordon, 1995,
Quene, 1992), and laryngalization and glottalization of word-initial vowels (Lehiste,
1960; Nakatani & Dukes, 1977). For example, in English, word-initial voiceless stops /p t
k/ have longer VOT and are aspirated and word-final voiceless stops have shorter VOT
and are often unaspirated. In Mandarin, the distinction between aspirated and unaspirated
is not allophonic, but phonemic. For example, /ta/ means to take some form of
transportation in English whereas /tha/ means he/she. The unaspirated stops can become
voiced /b d g/ before an unstressed vowel (Duanmu, 2007). In Korean, there are three
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types of stops: aspirated (e.g., = “pul” grass or glue), tense (e.g., %= “ppul” horn) and
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lax (e.g., = “bul” fire or light) (Sohn, 1999). Aspirated stops can only occur syllable-

initially in both Mandarin and Korean. On the other hand, Spanish does not have
aspirated voiceless stops (Macpherson, 1975). Hearing aspirated /p t k/ in English maybe
a cue for word initiality for Mandarin and Korean speakers but not for Spanish speakers.
Indeed, Altenberg (2005) found that Spanish speakers were significantly worse than
native English speakers at segmenting speech using aspiration cues. However, Spanish
speakers can utilize the glottalization of word-initial vowels (e.g., itch /?1tf/) as a cue for
word boundaries in L2 English since this allophonic difference occurs in both Spanish

and English (Altenberg, 2005).

In terms of phonotactics, Mandarin is typologically farthest from English.
Mandarin has 19 consonants and only two of them, /n/ and /1/, are allowed in the coda
position (Duanmu, 2007). When hearing a vowel followed by a consonant that is not /n/
or /n/, a native Mandarin listener is likely to place a word boundary after the vowel.
Korean has a less restricted set of codas. Seven of the 22 consonants in Korean can occur
syllable-finally and these include /p, t, k, m, n, 1, I/ (Sohn, 1999). Compared to Mandarin,
coda cues may be less informative for word boundary in Korean. Both Korean and
Mandarin do not allow consonant clusters at the onset position, although a glide (/j, w/)
may follow a consonant in onset. Spanish does not allow consonant clusters in syllable
coda except in loanwords (Dalbor, 1997) and no /sC-/ cluster is allowed in syllable onset
(Stockwell & Bowen, 1965). Thus, hearing a consonant cluster is a strong cue for word
boundary for all three groups of L2 learners.

Comparing across the four languages, Korean, Mandarin and English have the

same phonotactic rule for /ny/ which limits the occurrence of this phoneme to syllable-
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final position. In Spanish, /y/is not a phoneme but an allophone of /n/, occurring only
before /g k h/ (MacPherson, 1975). Previous research has shown that speakers do not
perceive a phoneme and its allophone as two distinct sound categories (Kazanina, Phillips,
& Idsardi, 2006). Thus, /y/ can be a strong cue for word boundary for Korean, Mandarin,
and English speakers but not for Spanish speakers since Spanish speakers would perceive
/y/ as /n/. On the other hand, /s/ cannot occur word-finally in Korean and Mandarin,
speakers from these L1 groups may erroneously consider /s/ as the onset of the following
word.

Although /n/ can occur both word-initially and finally in all four languages, the
degree and direction of nasalization in coarticulation may vary. American English shows
extensive anticipatory (i.e. right-to-left) vowel nasalization (Clumeck, 1976; Krakow,
1989, 1999). In an acoustic analysis of the speech produced by four English speakers
from Michigan, Tanowitz and Beddor (1997) found that 80% of the vowels in CVN(C)
syllables are nasalized. Carryover (i.e. left-to-right) vowel nasalization in NVC words has
also been documented in American English (Sole, 1992). In addition, word-final /n/ may
assimilate to the place of articulation of a following word-initial consonant (Local, 2003).
For example, in ran quickly, /n/ may be realized as /1/. However, there is evidence
suggesting that such assimilation to a velar nasal is not identical with forms such as rang
which has final citation-form velars (Kelly & Local, 1989). The anticipatory and
carryover nasalization as well as the assimilation rule for coda nasals are present in many
dialects of Spanish (Boomershire, 2006; Sole, 1992). Particularly, Mexican and
Caribbean Spanish have a word-final neutralization rule which results word-final alveolar

nasals preceding a pause or a vowel (Boomershie, 2006; Pineros, 2006). Since the
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phoneme /n/ does not exist in Spanish, it is not clear whether Spanish speakers would
consider velarized /n/ in Spanish and /1/ in American English as identical.

Korean has a number of assimilation rules associated with nasalization (Davis &
Shin, 1999): 1) a stop nasalizes before a nasal /sip-nyan/ - [sim.nyan]; 2) /n/ becomes a
lateral when immediately before a lateral /non-li/ = [nol.1i]; 3) /I/ becomes nasalized
when after a non-coronal nasal /kam-li/ = [kam.ni]; and 4) nasalization of obstruent-
liquid sequences /pap-li/ = [pam.ni]. In standard Mandarin spoken in Taiwan, the
syllable-final distinction between /n/ and /n/ tends to be dropped whereas the distinction
IS maintained in standard Mandarin spoken in Mainland China (Lin, 2002). In light of this
observation, the current study ensured that participants in the Mandarin group are from
mainland China. All four language groups display a high degree of variability of nasality
in word-initial and word-final positions. However, this is unlikely to affect listeners’
sensitivity to the phonotactic constraints associated with /n/ and /n/.

Korean and Mandarin speakers are more likely to associate word-final /n/ with the
previous string compared to word-final /s/ since /s/ is not a legal coda in their L1. Thus,
they are more likely to associate word-final /s/ in English words with the next string. In
comparison, /n/ and /s/ are both legal onsets and codas in English and Spanish. Based on
the phonotactic probability calculator (Vitevitch & Luce, 2004), word-initial /s/ has a
position-specific probability of .1024 while word-final /s/ has a position-specific
probability of .0101. Word-initial /n/ has a position-specific probability of .0238 whereas
word-final /n/ has a position-specific probability of .0583. If English speakers are
sensitive to probabilistic phonotactics, they may be more likely to associate /s/ with the

following string since word-initial /s/ has a higher likelihood of occurrence than word-
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final /s/. In contrast, English speakers may be more likely to associate /n/ with the
previous string as word-final /n/ has higher position-specific probability than word-initial
/n/. 1t should be noted that the phonotactic probabilities reported here are calculated based
only on single morpheme entries. If morphologically complex words are included in the
calculation, it is very likely that word-final /s/ has a higher likelihood of occurrence than
word-final /n/ since —s is the inflectional morpheme for plurality in nouns and verbal
agreement for third-person singularity. Dewey (1950) analyzed the relative frequency of
English speech sounds in 100,000 words selected from a variety of sources including
newspaper, speech, and correspondence. Multimorphemic words such as knows,
beginning, and organization were included in the materials. Dewey found that word-
initial /n/ occurs in 2,590 words (2.59% out of 100,000) whereas word-final /n/ occurs in
8,740 words (8.74% out of 100,000). In comparison, word-initial /s/ occurs in 5,575
(5.575% out of 100,000) while word-final /s/ occurs in 4,630 (4.63% out of 100,000).
Listeners who are sensitive to these phonotactic probabilities may experience more
difficulty segmenting words with coda /s/ as the likelihood of /s/ being word-initial or
word-final is similar. In contrast, segmentation of words with coda /n/ may be easier
since /n/ has a higher frequency in word-final than in word-initial position.

The phonotactic probability calculator (Vitevitch & Luce, 2004) is not available
in Spanish, it is not clear whether Spanish speakers are more likely to associate /n/ or /s/
with the preceding or following string. Considering most Spanish words end in a vowel
(approximately 73%) (Guion, Harada, & Clark, 2004), it is possible that both /n/ and /s/
have low phonotactic probabilities in word-final position. However, word-final /s/ has

more phonological variation in Spanish than word-final /n/ and this may result in
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increased difficulty for the segmentation of words with /s/ coda compared to those with
/n/ coda. Word-final /s/ can undergo deletion, aspiration, voicing, or can be retained as /s/
based on the particular dialects of Spanish (Boomershine, 2006). For example, the
processes of deletion and aspiration do not occur in Mexican Spanish but they do occur in
Puerto Rican Spanish. On the other hand, there is a word-final neutralization rule for coda
nasals in all dialects of Spanish (Boomershine, 2006). This neutralization rule results in
word-final alveolar nasals preceding a pause or a vowel. The coda nasal assimilates the
place specification of the following consonant. In both a lexical decision task and a
naming task of Spanish words, Bommershine (2006) found that both native speakers of
Puerto Rican Spanish and native speakers of Mexican Spanish were significantly slower
to respond to words with coda /s/ than those with coda /n/. It appears that the
phonological variation of word-final /s/ has a greater impact on the processing of L1

Spanish words compared to word-final /n/.

Overall, both stress and segmental cues can be categorized as typological cues
because the learners’ weighting of these cues in L2 segmentation may be influenced by
L1 typology. Korean learners may only rely on segmental cues since they do not have a
phonological representation of stress and this may result in their inability to use word
stress as a cue for word boundaries. On the other hand, stress is contrastive in both
Mandarin and Spanish, stress cues may be useful in L2 segmentation for Mandarin and
Spanish speakers. However, Spanish speakers may assign more weight to segmental cues
than stress cues since their sensitivity to the penultimate stress may not be helpful in
segmenting English speech. Although the stress patterns in Mandarin are similar to those

in English, Mandarin speakers may still weigh segmental cues over stress cues. Mandarin
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speakers may rely more on acoustic-phonetic cues for word boundary if they encounter
words with unstressed initial-syllables. In addition, the presence of /y/ or aspiration is a

strong cue for word ending or word onset, respectively.

Lexical Cues

In contrast to stress or phonotactic cues, there may be smaller language group
differences in the use of lexical and semantic cues if English proficiency is matched
across the L2 learners. The use of lexical cues involves learners’ knowledge and language
skills in L2. Learners who are more proficient tend to have a larger and more integrated
L2 lex