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Abstract

Many cross-language perceptual models consider allophonic distributions in predicting the
pattern of cross-language perception. Allophonic processes, however, are related to not only the
existence of particular phonetic events but also to their linkage to the particular context in which
such phonetic events occur. This study investigated how the determination of context and
allophonic variation interact in the perception of second language speech. Korean has a
restriction against laryngeal contrasts in final position while such a restriction does not exist in
English. When Korean learners of English acquire the contrast in final position, it is possible that
they reparse the prosodic structure, placing the contrast in a different prosodic location such as in
the prevocalic position of a perceptually epenthesized following syllable. To determine whether
such prosodic reanalysis strategies might exist, 20 college-age inexperienced Korean learners of
English were presented with American English labial and coronal obstruents in CV and VC
nonsense words and were asked to perform two tasks: 1) consonant identification and 2) syllable
counting. As reported in previous research (Lim, 2003), the results show that listeners often
parsed the VC stimuli as two syllables. For the voiceless consonants, this reparsing afforded
better accuracy in consonant identification, as expected. However, for voiced consonants, such a
voicing benefit due to prosodic restructuring was not observed. This discrepancy between
voiceless and voiced segments appears to be due to the fact that the intervocalic contrast in
Korean fosters a bias toward voiceless category by placing the English final voiced consonants in
the voiceless category. These results demonstrate that L2 learners may use prosodic
restructuring, but such a strategy is not necessarily useful in the perception of second language
speech.



1. Introduction

Many studies on cross-language speech perception have reported that the presence or
absence of certain sounds in the learner’s native phonemic inventory is a good indicator for
predicting perceptual patterns cross-linguistically. For example, native speakers of French and
Japanese have difficulty learning the voiceless interdental fricative [0] because they do not have
it in their native phonemic inventory (e.g., Brannan, 2002). In addition to the presence or absence
of certain segments in a native language (L1), the role of allophones has also been of interest in
cross-language speech perception. Therefore, certain cross-language perceptual models consider
the allophonic aspects of segments in predicting perceptual patterns in cross-language speech
perception. For instance, the Perceptual Assimilation Model (PAM) developed by Best and her
colleagues predicts the discrimination of segmental contrasts in a non-native language based on
phonetic properties of non-native sounds, and these phonetic properties differ for allophones in
different prosodic locations (Best, McRoberts & Goodell, 2001). Flege’s Speech Learning Model
(SLM) also predicts a language leaner’s difficulty of perceiving and producing sounds in a
second language (L2) based on the similarity of L2 sounds to allophones in L1 (Flege, 1987).
Nevertheless, some segmental learning models in L2 acquisition, such as the SLMI, often tend to
treat allophonic variants as simply a part of the phonetic object inventory that a language learner
has experience with, and the role of its connection to the phonetic context where allophone
occurs has been overlooked.

Allophonic processes, however, cannot be explained as a mere presence of particular
phonetic events without considering the particular aspects of the phonetic context in which such
phonetic events occur. This is because allophonic realization is often linked to a particular
prosodic location such as a position in a syllable. Therefore, it is uncertain whether the existence
of a particular allophone in a learner’s L1 is relevant to learning an L2 segment if the allophone
occurs in a different context. Rather, it is possible that the allophonic inventory of an L1 is
relevant to learning L2 segments only when the allophones occur in the same prosodic location.

Previous research in cross-language speech perception has demonstrated that an 1.2
learner often does not parse utterances in the same way as a native speaker of L2 does. For
example, Lim (2003) reported that Korean learners of English often parse English words as
having more syllables than native listeners. He asked Korean learners of English to break
English utterances into syllabic units, and found that the Korean listeners often perceived an
extra syllable when a coda consonant was released. This finding is consistent with Kang (2003)’s
finding on the loanword adaptation patterns of English words in Korean. Kang (2003) also
reported that an English word ending with a stop is frequently adapted to Korean with a vowel
inserted after the final stop. If this is the case, it raises an additional complicating factor in
determining the expected L1-L2 sound mapping; specifically, what does it mean that segments
occur in the same prosodic location?

In order to investigate this issue, the current paper examines segmental identification and
its interaction with syllable-level parsing among Korean learners of English. As reported by
other researchers (e.g., Kang, 2003; Lim, 2003), an L2 learner often parses L2 utterances
differently from a native speaker of L2. This means that the L2 learner would perceive an L2

' The SLM has been developed since it first started and the recent model is somewhat different from its earlier
version (See Flege [1995] for the more recent version of SLM). However, this paper limits its discussion to the
earlier version of SLM.



segment in either the original or another prosodic location. Then, by asking the L2 learner where
an L2 segment occurs in a syllable as well as what it is, we can investigate whether the 1.2
segment is perceived by the learner in the same prosodic location. One possible outcome of this
research is that the allophonic inventory of the L1 is sufficient to form the basis for making
predictions about L2 perceptual patterns. This conclusion will be drawn if no interaction is
observed between segmental identification and syllable-level parsing. On the other hand, this
research might find that allophones are effective in helping L2 segment identification only if they
are parsed in the same prosodic location. This conclusion will be drawn when differences in
segmental identification are observed depending on the L2 learner’s parsing the L2 segment in
different prosodic locations.

Koreans’ perception of English segments is appropriate to investigate this issue of
allophones and prosodic locations in cross-language speech perception. Korean has fewer
consonants in post-vocalic syllable final position than in other prosodic locations, such as pre-
vocalic syllable initial position and intervocalic position. This means that there are more
allophones in the inventory than are available in syllable final position. If experience with these
various allophones is independent of context, we would expect Korean learners of English to be
able to distinguish English post-vocalic segments according to these allophones. If, however,
proper syllabic parsing is a precondition of using these allophonic contrasts, we would expect the
differences in pre-vocalic consonants to be available only if the Korean listeners parse the
English post-vocalic consonant into the onset of an epenthetic syllable.

We examined native Koreans’ voicing perception of English obstruents in VC position in
order to investigate how syllabic parsing interacts with segmental identification. In section 2, we
introduce the Korean and English phonological structures which motivate our experimental
design and the interpretation of the results. In section 3, we explain the experimental design, and
in section 4 we report the results. We conclude the paper with the discussion and conclusion in
sections 5 and 6.

2. Korean vs. English

Korean and English have different obstruent inventories. Korean has only two anterior
fricatives, /s/ and /s’/, while English has six /f, v, 0, 9, s, z/. In addition, Korean and English
differ in their laryngeal contrasts. Korean has a three-way laryngeal contrast, fense, lax, and
aspirated (Kim, 1970), while English has a two-way contrast, aspirated vs. unaspirated (Iverson
& Salmons, 1995). The aspirated Korean stops are generally reported to have more aspiration
than their English counterparts and the lax and tense Korean stops roughly correspond to variants
of the unaspirated English counterpart.

These laryngeal contrasts in both languages are subject to allophonic variation by prosodic
location. The three-way laryngeal contrast in Korean is neutralized in post-vocalic syllable final
position, as is the distinction between fricatives and stops; thus there is no contrast between stops
and fricatives or among tense, lax, and aspirated stops (Ahn, 1998), and only unreleased lax
stops are available in post-vocalic syllable final position. Such allophonic neutralization in



syllable final position does not exist in the Standard American English”. Korean also exhibits lax
stop voicing in intervocalic position; while the lax stop is voiceless in syllable initial and syllable
final position, it is voiced in intervocalic position (Jun, 1994). Such an intervocalic voicing
process also tends to occur in English if the following vowel is unstressed, and the consonant is a
coronal stop. Similarly, sub-categorical voicing and weakening also happen with other places of
articulation. To summarize, the Korean allophonic inventory of anterior obstruents in different
prosodic locations is given in Table 1 and the English allophonic inventory of anterior obstruents
is presented in Table 2.

As demonstrated in Table 1 and Table 2, Korean and English are different in many aspects
and the differences become more complicated when we consider segments in different syllable
positions. The next section presents the methods for investigating Koreans’ perception of English
segments which may differ in prosodic locations in Korean.

Table 1. Korean allophonic inventory of anterior obstruents in different prosodic locations.

Onset Intervocalic Coda
Labial | Coronal | Labial | Coronal | Labial | Coronal
Lax p t b d p t
Stops Tense P t’ p’ t’
Aspirated p" " p" t"
Non-sibilants

Fricatives Sibilants Lax S S
Tense s’ s’

Table 2. American English allophonic inventory of anterior obstruents in different prosodic locations.

Onset & Pre-stress | Post-stress Intervocalic Coda
Intervocalic
Labial | Coronal | Labial Coronal Labial | Coronal
‘Voiced’ b d b r b d
Stops ‘Voiceless’ p" t" p r p t
Non- ‘Voiced’ v d v 0 v o]
Fricatives | sibilants | ‘Voiceless’ f 0 f 0 f 0
Sibilants “Voiced’ z z z
‘Voiceless’ S S S
3. Methods

? One of our reviewers points out that some varieties of English may have laryngeal neutralization, for example,
final obstruent devoicing.



3.1. Stimuli

Four Midwestern American English speakers (2 males and 2 females) in their late 20’s
produced nonsense monosyllabic English words consisting of American English anterior
obstruents combined with the low vowel /a/>. The 10 obstruents /p t f v 0 8 t d s z/ were placed in
syllable initial and syllable final positions, yielding 20 target stimuli (10 consonants x 2 prosodic
locations) for each of the 4 speakers (20 target stimuli x 4 talkers = 80 tokens). The English
corpus used for the experiment is presented in Table 3. The stimuli were recorded in a sound-
attenuated recording room of the Linguistics Department at Indiana University, using an Electro
Voice (Model RE50) standing microphone and a TASCAM DA-30 MKII DAT recorder. The
recordings were transferred from DAT to a G4 in the Linguistic Speech Lab at Indiana
University for editing.

Table 3. The English Corpus

Labial Coronal Sibilant
Stops Voiced b d
Voiceless p t
Fricative Voiced v 0 zZ
Voiceless f 0 S
Prosodic context CV ba, pa, va, fa | da, ta, da, Oa za
VC ab, ap, av, af | ad, at, ad, a0 az

3.2. Listeners

20 native Koreans (5 males and 15 females; mean age = 24 yrs.; 15 from Seoul/Kyeonggi
area and 5 from other areas) were recruited from the undergraduate student population in
Kyonggi University, Suwon (near Seoul), Korea. All the listeners learned English more than 7
years as a regular course in school. However, none had lived in an English speaking country
previous to the experiment. All were paid for participating in the experiment.

3.3. Procedures

The experiment consisted of two tasks: a syllable counting task and a segment identification
task. In the syllable counting task, after the presentation of each stimulus, the listeners were
asked to decide how many syllables the stimulus had and choose a number on an integer scale
from 1 to 3 syllables or more. This is an indirect way of asking where a target segment is parsed
under the assumption that syllable counting is related to the number of vocalic segment in a

3 Some of these items actually constitute real words, e,g, [az] can be confused with the place name ‘Oz’ and [ad] can
also be confused with ‘odd’. The words, however, were not cued with these spellings.



syllable, and so reflects commonly reported processes such as vowel epenthesis. For example, if
a listener chooses “1” after listening to /av/, it would mean that the coda segment /v/ was parsed
at its original position, that is, syllable final position. On the other hand, if another listener
chooses the “2” for the same stimulus /av/, it would mean that the listener perceived two vocalic
segments, and hence the coda /v/ was parsed in intervocalic position between the vowel /a/ and
an epenthesized vowel. This interpretation is based on the previous results of Lim (2003), who
had Korean subjects transcribe English productions in the Korean orthography, which marks
vowel locations and syllabic parsing explicitly.

In the segment identification task, the listeners were asked to choose the consonant they
heard from a list of 15 alternatives presented in Roman orthography combined with IPA
symbols. Each alternative was presented with a key word exemplifying the symbol on the top of
the answer sheet and several example words in different prosodic locations were also provided
and explained before the task. We also provided the option of writing-in a response (Other: __)
for cases where the listeners could not find any matching consonant in the provided alternatives.
The answer sheets for the tasks are given in Appendix A. The syllable counting and the segment
identification tasks were conducted on different days with a group of 10 subjects; the subjects
participated in the segment identification task first and they returned to do the syllable counting
task in a different day. Stimuli were presented through PC speakers in a quiet classroom in
Kyonggi University, located in Suwon, Korea. The subjects did five questions for practice before
each task and Korean proctors were also present during the experiments to answer any questions
regarding the task procedure and prevent any miscommunication due to the use of English
instructions.

4. Results
4.1. Syllable counting

In the analysis of the syllable counting task, we examined the proportion of correct counting
of the stimuli in CV and VC positions. If a listener chose “1” syllable after listening to the
monosyllabic stimulus, it was counted as a correct answer. On the other hand, other responses,
such as “2” or “3” syllables, were counted as incorrect. The analysis out of 800 observations (10
consonants x 1 prosodic context x 4 talkers x 20 listeners) for each prosodic location showed that
Korean participants often counted VC stimuli as having two syllables (VCV) (42.8%) while such
two syllable counting consisted of only 3 % for CV stimuli. However, this incorrect syllable
counting varied by consonant. The incorrect syllable counting rate for each consonant in VC is
reported in Figure 1.
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Figure 1. Incorrect syllable counting rate in VC.

4.2. Segment identification

In the analysis of the segment identification task, we compared the proportion of correct
voicing identification of the VC and CV stimuli. In this analysis, only a listener’s voicing
identification was considered regardless of his place or manner identification. For example, if a

(1)

listener chose “b” or “v”” for the stimulus /ab/, “v”” as well as “b” were counted as correct because
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the listener’s manner identification was disregarded. However, if “p” was chosen in this case, it
was counted as incorrect since “b” and “p” are different in voicing. In general, the listeners were
more accurate in identifying the voicing of the CV stimuli than that of the VC stimuli®. The
average accuracy rate for voicing identification for the CV stimuli was 90.8% and that for the

VC stimuli was 77.7%. Voicing accuracy rates for each segment are shown in Figure 2.
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Figure 2. Voicing accuracy rate in CV and VC.

*In the case of /b/, voicing accuracy rate is higher in VC (i.e., 81%) than in CV (i.e., 74%). This result, however,
cannot be interpreted that the Korean listeners identified voicing better in VC than in CV position. It is because the
listeners often did not choose any answer for /ab/, resulting in different total numbers for /ba/ (i.e., 73) and /ab/ (i.e.,
69) voicing accuracy calculation.



4.3. Interaction between syllable parsing and voicing identification

In order to see whether there was any parsing effect on voicing identification, we examined
voicing accuracy of the VC stimuli depending on the listeners’ responses in the syllable counting
task. Thus, we plotted each listener’s average voicing accuracy for each VC segment against his
average syllable counting accuracy (Figure 3).

- ‘oicesless Segment
> Woiced Segment

B0 —| ] - -

o — o

Vicing Accuracy (%)

T T T
o 20 an o

Syllable Counting Accuracy (2a)

LE
a
a

Figure 3. Syllable counting accuracy & voicing accuracy for each segment by each subject.

The horizontal axis represents the proportion of correct syllable counting and the vertical axis
represents that of correct voicing identification. Each circle corresponds to an individual
listener’s average accuracy in syllable counting and voicing identification. The empty circles
denote listeners’ average accuracy for voiced segments, whereas the filled circles indicate that
for voiceless segments. First, listeners were more accurate at identifying voiceless segments
(90%) than voiced ones (71%) in general; the most filled circles are higher than the empty ones.
Second, correlation between syllable counting accuracy and voicing accuracy was observed
among voiceless segments; voicing accuracy with voiceless segments was negatively correlated
with their syllable counting accuracy (Pearson r = - 0.279). In other words, the listeners were
better at identifying the voicing of a voiceless segment when they misparsed the segment to the
initial position of the following syllable. Such correlation was not observed among voiced
segments (Pearson r = .040).

5. Discussion
5.1. The role of coda neutralization in perception of English sounds

The results showed that Korean listeners often misparsed the VC stimuli as two syllables and
these results are consistent with other studies (e.g., Kang, 2003; Lim, 2003). Interestingly,



however, voicing accuracy for voiceless segments was better for subjects who tended to misparse
segments than for subjects who “correctly parsed” them. The perception of /p/ illustrates this
point well. /p/ was perceived at its original syllable final position in most cases while other
voiceless VC stimuli were often perceived at a different position (Figure 1). In addition, voicing
accuracy for /p/ is the lowest among all VC voiceless segment voicing accuracies (Figure 2).
This poor voicing accuracy for /p/ cannot be the case that voicing judgment for /p/ is harder than
that for other voiceless segments since voicing accuracy for /p/ is the highest among those for all
CV voiceless segments (Figure 2). Then, this poor voicing judgment for /p/ is likely due to the
listeners’ parsing; voicing judgment of voiceless segments is worse when they are perceived as
syllable final. This relationship between listeners’ parsing and voicing identification yields a
negative correlation between syllable counting accuracy and voicing accuracy. Then, what
caused this negative correlation? It is likely to be the influence of the L1 allophonic restriction in
final position or coda neutralization. In Korean, contrasts, including voicing, are neutralized in
syllable final position; thus poor voicing contrast identification is expected when a coda segment
is parsed correctly in syllable final position (Lim, 2003). However, a voicing contrast exists in
intervocalic position; thus Koreans may identify voicing better in this position than in syllable
final position.

5.2.The role of intervocalic voicing in perception of English sounds

Another interesting observation from the results is that the resyllabification voicing benefit
was shown only among the voiceless segments. Why is such benefit not apparent in the voiced
segments? This puzzle might be solved if we consider Korean listeners’ resyllabification
processing of L2 sounds: an allophonic shift and L1-L2 category mapping. Korean lax stops,
which are phonemically voiceless (Han & Weitzman, 1970; Kagaya, 1974; Han, 1996), become
allophonically voiced in intervocalic position. This implies that Korean listeners’ voiced and
voiceless categories shift to a certain direction in intervocalic position. Second, if we assume that
English voicing judgments are based, at least partly, on the pre-existing Korean categories, and
that ‘voiced’ English stops correspond to lax Korean stops (e.g, as shown in Schmidt, 1996; Lim,
2003, and Park, de Jong & Silbert, 2004 ), the detailed characteristics of lax Korean stops will
determine the extent to which Koreans will label English stops as being ‘voiced.” Since
intervocalic voiced lax stops in Korean are phonetically very short (e.g., as shown in Jun, 1994°),
the expectation is that for English stops in intervocalic position, they should exhibit the same
detailed characteristics in order to be labeled as lax. Therefore, to the extent that English
productions of coda voiced segments do not have these characteristics, Koreans would be less
likely to label them as ‘voiced’, if it is parsed in the intervocalic position. Note that this would
not happen with ‘voiceless’ English consonants, since such stops are mapped onto aspirated
stops in Korean® (e.g, as also shown in Schmidt, 1996; Lim, 2003, and Park et al., 2004), and
intervocalic aspirated stops are not affected by a voicing and reduction rule. This scenario is
illustrated in Figure 4.

> She has shown that the faster the speech rate, the more often lenis stops are voiced in intervocalic position.

® Cross-language category mapping between English voiced obstruents and Korean lax stops, and that between
English voiceless obstruents and Korean aspirated stops are observed in Korean loanwords of English words. For
example, English words ‘button’ and ‘pen’ are pronounced as [pa.t"'n] and [p"en], respectively, in Korean
loanwords. See Park (submitted) for cross-language category mapping between Korean and English in loanword
phonology.
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Figure 4. Allophonic shift due to intervocalic voicing

This figure illustrates the basic idea of how an allophonic process might introduce a
mismatch in perception. The left panel of Figure 4 represents the distribution of voiced and
voiceless L1 segments along some abstract continuum in a condition without an allophonic
process. Here, the English /b/ stimulus would fall into the voiced or L1 lax category, following
its original voicing value.” The right panel of the figure illustrates relationship of the same /b/
after it is parsed as two syllables (i.e., /abV/), putting it in intervocalic position. In this prosodic
condition, the allophonic voicing rule causes a shift of the voiced category away from the
voiceless category. The distribution of the lax L1 category has also shifted away from the /b/
stimulus, and thus the /b/ is less likely to be perceived as lax and mapped on to a ‘voiced’
response.

This interference by the allophonic voicing rule seems to be a plausible explanation for the
discrepancy of voicing identification between voiceless and voiced segments after
resyllabification. This point is clearer when we look at voicing accuracy and syllable counting
accuracy for each segment rather than those for each individual. Figure 5 presents a plot of
average voicing accuracy for each VC segment against syllable counting accuracy.
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Figure 5. Syllable counting accuracy & Voicing Accuracy for segments in VC

7 In this figure, coda neutralization is not considered in order to avoid more complication.
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The horizontal axis represents the proportion of correct syllable counting and the vertical axis
represents that of correct voicing identification. Each circle denotes average voicing and syllable
counting accuracies of 20 listeners’ responses for each segment. Because each segment was
produced by 4 talkers, each circle is the average accuracy of 80 instances (20 listeners x 4
talkers). The empty and the filled circles denote voiced and voiceless segments, respectively. As
shown in Figure 3, the same negative correlation between syllable counting and voicing
identification is shown among voiceless segments. By contrast, a positive correlation is observed
among voiced segments. In other words, voiced segments which tended to get misparsed more
often, tending to be heard as being the initial position of the following syllable or in intervocalic
position, were more likely to be called voiceless. This positive correlation between voicing
identification and syllable counting among voiced segments seems to suggest that the reverse
processing of allophonic shift may occur in intervocalic segment parsing.

6. Conclusions

In our study, inexperienced Korean learners of English often reparsed VC stimuli, placing the
contrasts in a different prosodic location. This may be an effective strategy to resolve L2
segments that contain contrast unavailable in the learners’ L1; contrasts are neutralized in
syllable final position but such neutralization does not exist in intervocalic position. However, an
allophonic process related to intervocalic voicing in Korean also seems to exacerbate a mismatch
between Korean and English voiced categories, so that the perceptual restructuring of the
segments was not necessarily useful to resolve neutralization problem.

The results presented in this paper indicate that prosodically governed allophonic variations
in L1 influence perception of L2 segments. Other than L1 allophonic variations, prosodic
reanalysis may occur in L2 learners following the L1 prosodic structure, though such a strategy
may not be necessarily useful in L2 segment perception. Therefore, research in L2 consonant
identification must consider not only consonant categories on a position by position basis but
also how listeners determine what position a consonant is in.

This paper did not include some issues that can be investigated by acoustic analysis of the
stimuli used for the experiment. For example, we did not discuss what may have caused the
Korean listeners misparse some stimuli more often than others. Acoustic analysis of the stimuli
may give an answer for this question. No Korean obstruents are released in syllable final position.
Therefore, it is possible that the Korean listeners may have misparsed some stimuli when they
carried a form of release, such as release of stops or frication of fricatives; such acoustical cues
may have led the Korean listeners assume that some segments are not in syllable final position.
The examination of the stimuli will help us investigate this possibility. Acoustic analysis of the
stimuli will also enable us to explore another possibility of the Korean listeners’ bias toward
voiceless. If we consider both stops and fricatives tend to be partially devoiced at the end of a
word (Ladefoged, 2001: 53), it may be possible that the bias observed in this study was due to
the acoustic characteristics of the stimuli, rather than the L1 allophonic process. This possibility
can also be investigated by testing how native speakers of English judge the voicing of the
stimuli. Further study with various methods is needed in order to clarify the issue of L2 segment
perception, allophonic variations, and prosodic locations.
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Appendix A.
Task 1. Syllable counting:
Instructions

You will hear a series of items spoken by native speakers of English. For each item, you will
hear a number followed by a nonsense word. For each nonsense word, please identify the
number of syllables you hear by circling the appropriate number in the first column. If you do
not find the appropriate number, you may write the appropriate number in the space marked
other ( ).

Number of Syllables
1. 1 2 3 other ()

Task 2. Segment identification:
Instructions

You will hear a series of one or two syllable nonsense words with numbers interspersed. For
each nonsense word, please identify the consonant you hear by circling the appropriate symbol.
If you do not find a symbol for the consonant that you hear, you may write the appropriate
English consonant in the space marked other (). Examples of each symbol are as follows.

symbol description symbol description

0 as in the words think, authentic, and math 9 as in the words they, brother, and bathe
p as in the words pit, apple, and stop b as in the words bad, table, and rob

t as in the words ten, beauty, and cat d as in the words door, body, and mad

f as in the words fan, beautiful, and half v as in the words van, cover, and save

S as in the words salt, awesome, and pass zZ as in the words zebra, amaging, and size
r as in the words rock, hearing, and cover 1 as in the words light, feeling, and ball
w as in the words wood, towel, and cow y as in the words yes, lawyer, and toy

h as in the words happy, ahead, and hand

Keyword: tell dog thin that fall vase sit zip pin ball rain law hall wood yes

1. t d 0 1§} f v s z p b r 1 h w y  other (
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