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ABSTRACT

This study investigated how English learners of
Korean weigh multiple acoustic cues, namely VOT
and f0, in perceiving the Korean stop laryngeal
contrast. This question is of interest because VOT is
more central to this contrast in English relative to
Korean. Our goal was to examine whether L2 cue-
weighting strategies were influenced by individual
differences in cue-weighting strategies in L1 and by
individual learner’s L2 proficiency. The phoneme
identification tasks [English /t/ vs. /d/; Korean /t/ vs.
/t"/] with 20 English learners showed that listeners
who relied more on VOT in English relied less on f0
in Korean. Further, listeners who relied more on f0
in English in an ambiguous VOT condition also
relied more on f0 in Korean. L2 proficiency was a
significant predictor of both of these relationships.
These results suggest that both attention to
secondary cues in L1 and L2 proficiency influence
cue-weighting strategies in L2.
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1. INTRODUCTION

Phonetic contrasts are typically realized by multiple
acoustic cues (e.g., [13]) and the relative importance
of these cues in speech perception often differs
across languages. For example, in English, voice
onset time (VOT, [14]) is the primary cue that
differentiates voiceless stops (e.g., /t/ [t"]) and
voiced stops (e.g., /d/ [t]) although secondary cues
such as f0 and F1 cut-back also differ systematically
between voiceless and voiced stops [1,6,7,16]. By
contrast, in Korean, VOT and f0 are equally
important in distinguishing aspirated stops (e.g., /t"/)
from the other two phonation-type categories, lax
and tense stops (e.g., /t/, /t’/) [17].

In the context of second language learning, these
language-specific cue-weighting strategies may
conflict between the native language (L1) and the
target language (L2). There is evidence that L2
learners gradually learn to use the cue weighting
strategies of their second language (e.g., [3.4,5]).
There are at least two factors that seem to influence
L2 perceptual learning: (1) L1 background [4], and
(2) L2 experience or L2 proficiency [5,15] (but also

see [2]). Given the different cue-weighting strategies
for the phonation type contrast in English and
Korean, it seems likely that L2 proficiency will
influence the cue-weighting strategies of English L1
speakers who are learning Korean. Our particular
interest in this paper was to examine whether L2 cue
weighting strategies were also influenced by
individual differences in cue weighting strategies in
L1. This interest was inspired by earlier findings that
individual variability is observed in L1 perception
[9,10,11,18,19] as well as in L2 perception [4].
Several researchers have shown individual
differences in cue weighting strategies for
perceiving the voicing contrast by L1 English
speakers: some listeners are more sensitive to the
secondary acoustic cue, fU, than other listeners
[9,11,19]. We wondered whether these individual
differences in L1 cue-weighting patterns might carry
over into L2 speech processing. In a similar sense,
the current study examines the role of individual L2
proficiency in modulating the degrees of L1-to-L2
transfer on cue weighting. That is, we also examined
whether greater L2 experience might help learners to
inhibit L1 influence on L2. The specific questions
addressed in this study were the following. One,
does greater reliance on the redundant acoustic cue
of f0 in L1 result in more attention to f0 and less
attention to VOT in L2 cue weighting? We
hypothesized that individuals who relied more on the
redundant cue of f0 in L1 might have an advantage
in mastering the phonation-type contrast in L2
Korean where the role of f0 is as important as VOT.
We were also interested in whether the relationship
between cue weighting strategies in L1 and L2 was
modulated by L2 proficiency. We hypothesized that
the effect of L2 proficiency would be found in the
individual level analysis in a way that more
proficient L2 learners of Korean could suppress their
reliance on VOT and rely on f0 more than less
proficient L2 listeners.

2. PERCEPTION EXPERIMENT
2.1. Stimuli

The audio stimuli were synthesized using natural
productions. For the English stimuli, a token of /da/
and of /ta/ (from dot and tof) produced by an adult
male native English speaker were used. VOT values



were manipulated by excising a portion of the burst
release/aspiration from /ta/ and pasting it before the
voicing onset of the /da/ token. Six log-scale values
from 9ms to 59ms of VOT were used (9ms, 13ms,
19ms, 28ms, 40ms, 59ms). For each VOT step, the
S0 dimension was manipulated by replacing the
original f0 value during the vowel of /da/ with one of
five f0 values (98Hz, 106ms, 114Hz, 122Hz,
130Hz). This procedure yielded 30 different
syllables (six VOT steps x five f0 steps). The same
procedure was used with a /t"a/ and a /ta/ token
(from ‘B [t"at] and ‘5" [tat]) produced by a male
Seoul Korean speaker, producing another set of 30
different syllables (six VOT x five f0 combinations).

2.2. Tasks and Procedure

For the English session, there was a two-alternative
forced-choice task and for the Korean session, there
was a three-alternative forced-choice task. In the
English session, the listeners were asked to decide
whether the consonant in the syllable played was /d/
or /t/, and to respond by clicking one of two
consonant labels (“d” or “t”) shown on the screen.
Similarly for the Korean session, listeners were
asked to decide whether they heard /t/, /t’/ or /t"/ and
were asked to respond by clicking one consonant
labels shown in Hangul (“©=", “rtC”, “E”) on the
screen. Responses of tense consonants for the
Korean session were excluded from the analysis.

The English and Korean sessions were counter-
balanced across the participants. In each session, a
set of 30 different CV syllables was repeated three
times in a random order, yielding 90 trials per
person.

2.3. Participants

20 English native speakers (F:10, M:10) participated
in the experiment. All were living in Seoul at the
time of testing; the length of their stay varied from
18 months to 13 years. L2 proficiency was assessed
with a short test composed of items (i.e., listening
comprehension, vocabulary comprehension, and
reading comprehension) from the TOPIK (7est of
Proficiency in Korean, a test administered by the
National Institute of International Education in
Korea). We used the score from this test as a
measure of L2 proficiency. Participants received
monetary compensation for their participation.

2.4. Statistical Analysis

The mixed-effects logistic regression models
were constructed separately for the English and the
Korean tasks in order to measure listeners’ reliance
on the two acoustic cues, VOT and f0, in perceiving

the aspirated stop [t"] in each language. The
dependent variables were the binary categorical
responses of “da” and “ta” for the English session
and the binary responses of “T}” /ta/ (lax) and “E}”
/t"a/ (aspirated) for the Korean session. The
independent variables were VOT and f0. VOT and f0
values were standardized so that we could directly
compare the model coefficients. The model included
random intercepts and slopes. Therefore, the random
slope coefficients are a measure of the deviation of
individual listener’ coefficient from the group
average (i.e., the fixed effect coefficient). We used
these individual slope coefficients to represent as
numeric individual listeners reliance on VOT and f0
[14].

Simple linear regressions were performed to test
whether these individual slope coefficients in L1
(i.e., how much individual listeners relied on VOT
and f0 to differentiate voiceless and voiced stops)
explained individual differences in cue weighting in
L2. Separate regressions were run for the two
acoustic parameters (VOT and f0) in each language.
In each regression model, an additional independent
variable (L2 proficiency) was added later to examine
whether  this  multiple  regression  model
outperformed the simple regression model.

3. RESULTS

Fig.1 presents the logistic curves of VOT and f0
and Table 1 summarizes the parameter estimation of
the mixed effects regression models. In both
language sessions, the group-averaged curves for
VOT and f0 (black lines) increase as VOT and f0
values increase, indicating that the perception of
phonetically aspirated stop categories was associated
with greater VOT and higher f0.

In the English session (left panel), the group-
averaged curve for VOT variable was observed to
switch to /t/ more abruptly than the f0 curve: Byvor =
5.89, Bp = 1.26. This is consistent with previous
finding that VOT is the primary perceptual cue for
English listeners [1,6,7,16]. However, it can be
observed that the curves of individual listeners
(random coefficients, grey lines) show that there are
substantial individual differences in L1 cue
weighting strategies, especially with respect to f0.
Some listeners are much more sensitive to f0 than
other listeners.

The regression patterns from the Korean task
(L2, right panel) were similar to those from L1
English session in that the group-averaged curves
showed a increase as VOT or f0 values increase, and
in that the switch from the lax to the aspirated stop
occurred more abruptly in VOT dimension than in f0
dimension: Byor = 3.02, Bp = 1.11. Despite these



similarities, the perceptual sensitivity to VOT
patterned differently between the two language
sessions. The group-averaged curve for VOT in the
Korean session showed a less abrupt rise than the
curve in the English session, indicating that listeners
relied relatively less on VOT in L2 perception. This
coefficient difference of VOT between the two
languages was statistically significant (Byor.dier = -
2.25, S.E. = 0.22, p<.001). Unlike VOT, the f0
curves between the two languages were not
statistically different (Byp.qier = -0.15, S.E. = 0.14, p =
.263).

Figure 1: Estimated probability of /t/ (L1 English,
left panel) and /t" (L2 Korean, right panel) from
the mixed-effects logistic models. Black lines
indicate group-averaged coefficients, and thin grey

lines indicate the individual learners’ coefficients.
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Table 1: The output of the mixed effects models
presented in Fig.1

parameters estimate  std.err p-value
English VOT 5.89 0.69 <.001

10 1.26 0.14 <.001
Korean VOT 3.02 0.49 <.001

10 1.11 0.20 <001

The random coefficients of the individual listeners in
L2 from the regression model were regressed against
those in L1 as presented in Fig.2. VOT coefficients
from L1 were positively correlated with VOT
coefficients B from L2 (f=.36, p=.044, r’=.16) and
they were negatively correlated with f0;, coefficients
from L2(B=-.14, p=.024, ’=.20). The direction of
correlation in the leftmost panels suggests that the
listeners who relied less on VOT in L1 also relied
less on VOT in L2. The listeners who relied less on
VOT in L1 were more sensitive to f0 in L2. Note
that the coefficient of VOTy, against VOT; was
smaller than 1, indicating that the use of VOT was
less active in L2 than in L1 for all listeners. L2
proficiency improved the model fit (1'=.34).
Individuals with better L2 proficiency relied less on

VOT in L2, relative to those with poorer L2
proficiency.

Unlike VOT, reliance on f0;; in L1 was not
significantly correlated with either reliance on
VOTy, or fO, in L2 (center panels) [VOTr,: B=-
2.03, p=.28; fO.2: B=.07, p=91]. Because f0 is a
secondary cue to voicing in English, we decided to
examine the effect of fU in ambiguous VOT
conditions (the 19 ms and 28 ms VOT conditions
combined), as it is in these conditions when listeners
should be most sensitive to f0 (rightmost panels). In
this condition, reliance on f0 in L1 was positively
correlated with reliance on f0 in L2 [f=5.46, p=.015,
r’=24]. That is, the listeners who were more
sensitive to the redundant cue in ambiguous VOT
conditions in L1 were more sensitive to the same cue
in L2 speech processing. In addition, the linear slope
(B=5.46) greater than 1 indicates that sensitivity to f0
was strengthened as the relative importance of the f0
cue become greater. Similar to the VOT models,
adding L2 proficiency improved the model fit
(r*=.43 in the complex model compared to r’=.24 in
simple model). Again, listeners with better L2
proficiency were more attentive to f0 than listeners
with less good L2 proficiency.

Figure 2: Scatter-plots of L2 coefficients as a
function of L1 coefficients: VOTy, (leftmost), f0r,
(center), and f0y, in the ambiguous VOT condition
(rightmost). Solid lines indicate that the regression

model was significant (p<.05)
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4. DISCUSSION

The current study explored individual differences in
cue-weighting patterns for the stop voicing contrast
in L1 English speakers and examined whether they
predicted individual differences in L2 cue weighting
patterns in Korean. The findings showed that there
was a relationship between cue-weighting patterns in
L1 and L2. Individuals who relied more on f0 and



less on VOT in L1 showed a similar pattern in L2,
observed in individuals’ L2 speech perception,
confirming the existence of the L1-to-L2 transfer
effect at the individual listener level. Consistent with
previous findings (e.g., [5]), L2 proficiency also
turned out to be an important factor in explaining
individual differences in cue weighting strategies in
L2. As L2 proficiency in Korean increased, VOT
became relatively less important and f0 became
relatively more important in differentiating the
Korean phonation-type contrast relative to how
listeners processed the voicing contrast in their
native language.

The case of L1 English speakers learning Korean
is a particularly interesting example of cue
weighting because fU is a secondary cue to the
voicing contrast in English and one of several
primary cues to the voicing contrast in Korean. At
least, in this specific situation of L2 perceptual
learning, greater attention to the redundant acoustic
cue in L1 resulted in more native-like cue weighting
in L2. It will be of interest to examine individual
differences in attention to other redundant cues in L1
and L2 perception, where the secondary cue is
redundant in both languages (or neither). It is
possible that language learners with better L2
perceptual cue weighting strategies attend more to
redundant cues in L1 more generally, or it may be
that this result holds only when the redundant cue in
L1 is relatively more important in L2. More
generally, this result provides additional evidence
for the claim in [10,11] that individual differences in
cue-weighting strategies are systematic.
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