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Abstract
In a perception experiment, L1 Mandarin and L1 Japanese
novice learners of Korean classified non-tense /s/- or tense /s*/-
initial Korean CV tokens. A mixed effects logistic regression
model with acoustic cues as predictor variables was built for
each L1 group, and each individual’s regression coefficients
were interpreted to be the cue weighting used in identifying Ko-
rean /s/ and /s*/. We propose that the weighting of L2 percep-
tual cues is influenced by the weighting of the same cues in the
L1 perception of acousticaly similar contrasts, but that intra-L1
individual variation is great enough that the expected inter-L1
differences may appear less well defined.
Index Terms: phonetics, fricatives, Korean, Mandarin,
Japanese

1. Introduction
1.1. Perception by naive L2 listeners

According to Best [1], non-native (L2) speech sounds will
sound most similar to native (L1) speech sounds that are per-
ceived to be articulated in a similar way. When an L2 speech
sound is particularly well-matched to an L1 speech sound in
this respect, it is said to have “assimilated” to the L1 phono-
logical category. L2 contrasts involving two speech sounds that
can both be assimilated to an L1 phonological category are of-
ten the most difficult for L2 listeners (whether naive or not) to
perceive. For example, native speakers of Japanese often have
difficulty perceiving the difference between English /r/ and /l/
[2] [3]. The most likely explanation for this is that Japanese
has only one phonological category that is acoustically similar
to either English /r/ or /l/, and hence tokens of both English cat-
egories are perceived as belonging to, and thus assimilate to, a
single Japanese category.

In [1], Best summarizes the possible L2 phonological
assimilation patterns in her Perceptual Assimilation Model
(PAM). L2 speech sounds can either assimilate to an L1 phono-
logical category, be recognized as a speech sound but not as-
similate to an L1 phonological category, or not be recognized
as a speech sound at all. Among L2 contrasts, then, the most
difficult challenge arises when both members of the L2 con-
trast assimilate as good exemplars of a single L1 phonological
category. Anecdotal evidence suggests that the cases to be in-
vestigated in this study, the assimilation of Korean non-tense
/s/ and tense /s*/ to Mandarin Chinese /s/ and Japanese /s/, are
examples of this pattern.

1.2. Perception by L2 learners

PAM describes the assimilation patterns of L2 speech sounds
by naive listeners, but it does not (nor was it intended to) de-
scribe how L2 learners perceive L2 speech sounds [4]. This is
because the assimilation patterns outlined in PAM do not nec-

essarily hold throughout the L2 acquisition process. As naive
listeners are exposed to meaningful input they slowly build per-
ceptual categories, and the incoming L2 speech sounds may not
assimilate to the L1 categories to which they originally assimi-
lated; rather, incoming L2 speech sounds may be correctly cate-
gorized into the newly formed L2 phonological categories. This
raises the question of how an L2 learner can make the jump
from simply assimilating L2 speech sounds into L1 categories
to actually categorizing L2 speech sounds into L2 categories.
A naive listener can by default only do the former, but an L2
learner should eventually be able to do the latter.

In this paper, we assume that there exist acoustic cues that
can help the listener distinguish members of a phonological
contrast. It follows that the task of learning to identify members
of an L2 contrast amounts to learning to attend to the cue or
set of cues that can reliably discriminate its members. Since it
seems reasonable to assume that all humans share the same ba-
sic auditory function, it should not be the case that these acous-
tic cues are physically unavailable to L2 learners; instead, it is
probably the case that L2 learners are not skilled at attending to
them. Furthermore, because phonological contrasts in different
L1s are realized in acoustically different ways, we might ex-
pect L2 learners from different L1 backgrounds to exhibit some
degree of L1 influence on their weighting of acoustic cues in
perception.

On the other hand, if the process of learning an L2 contrast
involves learning the correct perceptual strategy (i.e. by attend-
ing to the correct acoustic cues) we might expect to find vari-
ation in terms of initial strategy selection. If learning occurs,
over time these differences should disappear as learners eventu-
ally settle on the correct strategy. Work by Vihman [5] suggests
that in the case of infants learning their first language, learning
is a process of selecting an initial strategy and then fine-tuning
it based on input. It seems reasonable to assume a similar model
for L2 acquisition, except that the L1 may affect the initial strat-
egy selection in ways not possible for infants learning their L1.

1.3. Korean, Mandarin, and Japanese sibilant fricatives

In this section we will briefly introduce the acoustic properties
of the fricatives in each language that are relevant to the current
study.

1.3.1. Korean /s/ and /s*/

Korean /s/ and /s*/ differ along several acoustic dimensions, in-
cluding aspiration, f 0, spectral tilt, intensity, and centroid fre-
qency. Of these dimensions, however, only centroid frequency
is a measure from within the fricative itself. f 0, spectral tilt,
and intensity are always measured in the vowel following the
fricative and any intervening aspiration. In the remainder of
this section we will discuss the findings of previous studies that
have looked at these measurements in the Korean fricatives.



Korean /s/ has been claimed to be phonetically aspirated
[6], which agrees with Kagaya’s [7] observation that the glottal
gestures of /s/ are quite similar to those of the aspirated stops.
Cho et al. [8] point out that Korean /s/ frication is often followed
by a period of aspiration, whereas /s*/ frication is sometimes
followed by a short period of glottalization.

Cho et al. [8] report that the following vowel has a higher
f 0 for /s*/ relative to the value for /s/, but these results combine
data from productions of both Seoul and Jeju dialect speakers.
When looking at the Seoul dialect alone, however, /s*/ appears
to have an only slightly higher f 0 in the following vowel than
/s/ does.

Spectral tilt describes the degree by which the amplitudes of
progressively higher harmonics taper off in a spectrum. Differ-
ences in spectral tilt are easiest to measure near the fundamental
frequency, where the amplitudes of the glottal wave components
are highest relative to the amplitudes of the formants; hence a
common method is to calculate the amplitude of the first har-
monic relative to the second (H1-H2). Cho et al.’s [8] results
show that H1-H2 in /s/ is significantly higher than in /s*/ at
vowel onset, although the difference becomes non-significant at
the vowel midpoint.

Chang [9] used two measurements of intensity for Korean
fricatives: intensity buildup and average vowel intensity. Inten-
sity buildup was intended to approximate the rate of change in
intensity, and was calculated as the difference in intensity be-
tween consecutive glottal pulses. Chang measured this for the
first four glottal pulses after vowel onset and found that inten-
sity buildup is significantly more rapid in [s*a] than [sa], but
was not significantly different between [s*u] and [su]. Average
intensity was not found to differ significantly in vowels follow-
ing /s*/ or /s/, in both /a/ and /u/ contexts.

Centroid frequency is calculated by treating the fricative
spectrum as a normal distribution and finding its mean. Cho
et al. [8] found that /s*/ has a significantly higher centroid fre-
quency than /s/. This is most likely caused by the difference in
constriction between /s*/ and /s/. First, /s*/ has a much tighter
constriction than /s/ which makes the constriction tube longer
and effectively decreases the size of the front cavity. Second,
because the constriction of /s/ is much looser, there is a greater
degree of back cavity coupling. The back cavity resonances are
lower in frequency than the front cavity resonances and thus
bring down the mean frequency of the spectrum. As the tongue
constriction is released in the transition from /s/ to the following
vowel the back cavity coupling gives way to aspiration and the
centroid becomes even lower.

Previous published studies of /s/-/s*/ perception by L1 Ko-
rean listeners suggests that multiple cues may be at work. Yoon
[10] determined that the duration of aspiration was the most
important cue but that some other cues must also be at work be-
cause it had much less of an effect before /i/ than before /a/.
Chang [9] found that a combined cue of F1 onset, intensity
buildup, and spectral tilt correlated the most with native lis-
teners’ fricative classifications. Holliday [11], using the same
stimuli and methodology as in the current study, found that as-
piration duration was the most important cue, followed by cen-
troid frequency. The discrepancies among these results suggest
that vowel context and other stimulus factors may affect L2 as-
similation patterns as well.

1.3.2. Mandarin /s/, /C/, and /ù/

Mandarin Chinese has three sibilant fricatives, /s/, /C/, and /ù/.
Retroflex /ù/ contrasts with denti-alveolar /s/ and alveolopalatal

/C/ in terms of place of articulation. It can thus be easily distin-
guished from the other two sibilants by its lower centroid fre-
quency [12]. The acoustic difference between /s/ and /C/ is less
well understood. Two measures suggested in [12], ampRatio
(the difference in dB between the spectral peak and the F2, in-
tended to measure palatalization) and centroid frequency in the
Bark band above the F2, could classify Mandarin female frica-
tive tokens with 92% accuracy using linear discriminant analy-
sis. Their results also show that centroid frequency alone can
separate /ù/ from /s/ and /C/ quite well. In [13], results of a per-
ception experiment indicate that centroid frequency can indeed
distinguish /ù/ from /s/ and /C/ in perception, whereas onset F2
is needed to distinguish /C/ from /s/ and /ù/.

1.3.3. Japanese /s/ and /C/

Japanese /s/ and /C/, like their Mandarin analogs, are also not
clearly distinguished by centroid frequency, probably because
the difference in front cavity size is not robust [14]. The two
measures suggested in [12] could also classify Japanese female
fricative tokens with 92% accuracy using linear discriminant
analysis; however, centroid frequency alone could not sepa-
rate /s/ from /C/ the way it could separate /ù/ from /s/ and /C/
in Mandarin. Results of a separate perception experiment [13]
showed that Japanese listeners likely rely on a combination of
centroid frequency and onset F2 of the following vowel to clas-
sify Japanese fricative tokens. More studies are needed to verify
these results and identify the perceptual cues with more cer-
tainty.

1.4. Research questions

In the early stages of L2 acquisition learners may not perform
much differently from naive L2 listeners on any of a variety of
tasks, but with enough experience they eventually reach a point
that is statistically different from chance. It is obvious that there
is some learning occuring during the time between these two
points. To claim otherwise would be to assume that learning is
instantaneous.

Thus, when comparing the performance of any two L2
learners we must disentangle at least three things: how much
of their performance can be accounted for by L1 influence; how
much of it can be attributed to extra-linguistic or “external” fac-
tors such as motivation and input; and how much of it must be
relegated to random individual variation or some general lan-
guage aptitude that we lack the means to quantify. The first of
these is an inter-L1 difference, whereas the latter two are intra-
L1 differences.

The purpose of the research presented in this paper is to ob-
serve the L1 influence by comparing the use of acoustic cues in
classifying tokens of a difficult L2 contrast by novice learners
from two different L1 backgrounds. Specifically, which acous-
tic cues do native Mandarin and Japanese listeners use when
trying to identify Korean /s/ and /s*/? Previous studies have
shown that centroid frequency by itself can separate one of the
Mandarin sibilants from the two others, whereas no separation
is possible in Japanese without the use of an additional cue.
Thus, if there are effects of L1 influence, we might expect that
Mandarin listeners are more skilled at paying attention to dif-
ferences in centroid frequency and may rely on it more than
Japanese listeners do in perceiving the Korean sibilants. In ad-
dition, because Mandarin has lexical tone we also might expect
Mandarin listeners to pay more attention to differences in f 0
than Japanese listeners. Therefore, we might expect to see ev-
idence that L1 Mandarin listeners employ perceptual strategies



that rely on centroid frequency and f 0 more than L1 Japanese
listeners. Furthermore, do listeners from the same L1 group
look more like each other than listeners from the other L1 group,
or are there listeners from different L1 groups who pattern sim-
ilarly?

2. Methods
2.1. Participants

37 native Mandarin speakers and 22 native Japanese speakers
were recruited from intensive Korean language programs at two
universities in Seoul. The vast majority had been studying at
these programs for approximately 6 to 20 weeks (in their first or
second 10-week quarter), but a few had been studying for three
or four quarters. By recruiting students who were all residing in
Korea and receiving the same amount of classroom instruction
time we hoped to control for level and type of input as much as
possible.

2.2. Materials and procedure

Listeners were presented 324 word-initial fricative-vowel sylla-
bles excised from real-word productions of native speakers of
Seoul Korean. That is, each token was either /sV/ or /s*V/.
Fricative category and speaker gender were balanced across to-
kens. Vowel context was balanced across fricative category, but
could not be fully balanced within fricative category.

The stimuli were presented one at a time using high-quality
headphones and with the participant seated in front of a laptop.
Participants responded by pressing a button to classify each to-
ken as either /s/ or /s*/.

The five acoustic parameters said to help differentiate Ko-
rean /s/ and /s*/ (aspiration duration, centroid frequency, inten-
sity, and f 0 and spectral tilt of the vowel) were measured for
each token.

2.3. Data analysis

The results from each L1 group were analyzed separately. The
five acoustic parameters were used as predictor variables in a
mixed effects logistic regression model to predict individual lis-
tener choice, with /s*/ set as ‘1’ and /s/ as ‘0’. We interpret
the coefficients returned by the model for each individual lis-
tener to correspond to the listener’s weighting of that acoustic
cue in perception. A hierarchical clustering analysis was per-
formed separately on each L1 group’s listeners’ coefficients to
see whether there are groups of individual listeners that pattern
similarly.

3. Results
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Figure 1: L1 Korean cue weightings. 10 of 13 subjects are pre-
sented here. The y-axis scale has been zoomed out to show the
full and relative magnitudes of each coefficient. Note that the f0
coefficient barely registers at all for most listeners.

Adding spectral tilt did not contribute significantly to the
L1 Mandarin group’s results and resulted in an overfit in the L1
Japanese results, and was thus excluded from both models.
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Figure 2: L1 Japanese cue weightings. The first row contains
two clusters and the second and third rows are separate clus-
ters.
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Figure 3: L1 Mandarin cue weightings. The first row contains
two clusters and the second through fourth rows are separate
clusters.

Figure 1 shows the results of 10 native Korean listeners pre-
sented in [11]. Figures 2 and 3 show the results from the current
study. Each individual’s cue weightings appear as a separate
subplot, with four or five bars for the cues compared in each
model. The number underneath each subplot is an identifica-
tion code for the individual subject. The first rows in Figures 2
and 3 contain two separate clusters, whereas each of the remain-
ing rows represents a separate cluster. The magnitude of each
bar represents the coefficient value returned by the regression
model, and the sign (positive or negative) represents whether
the cue was used in a native-like way or not. Thus when consid-
ering how much a cue was attended to it is important to ignore
the direction of the bar.

Figure 1 shows that there is clearly a set of “native” cue
weightings that L1 Korean listeners use with only limited inter-
individual variation. Korean listeners rely on aspiration the
most, followed by centroid frequency. These results are pre-
sented in detail in [11].

Having established what a native-like perceptual strategy
looks like, next we turn to the differences between the Japanese
and Mandarin groups. Although the cluster analysis makes it
easier to observe trends, the interpretation of Figures 2 and 3 is
not obvious.

Some Mandarin listeners, most notably in the third cluster
(subjects 25 through 31), appear to rely more on centroid (the
second bar) than the other cues. Among the Japanese listeners,
on the other hand, only subjects 904 and 906 rely the most on
centroid frequency, and it competes closely with other cues.

Some other Mandarin listeners, such as 35, 36, 13, and 16,
rely on aspiration (the first bar) much more than the other cues.
Such listeners cannot be found in the Japanese group, with the
possible exceptions of 902 and 919, although the magnitudes



of their aspiration coefficients remain lower than that of many
of the Mandarin listeners. This result was unexpected from the
Mandarin listeners, but makes sense when one considers the fact
that Mandarin has two affricates, /ts/ and /tsh/, that are sepa-
rated along the aspiration dimension. Mandarin listeners may
be transfering the use of an aspiration cue to their fricative per-
ception in Korean.

Although we predicted that the Mandarin listeners would
be more sensitive to differences in f 0 and hence rely on it more
than Japanese listeners would, we found that f 0 (the fourth bar)
was used as a primary cue by several Japanese listeners as well.
For a novice learner of Korean, attempting to distinguish /s/
from /s*/ based on f 0 seems like a reasonable strategy because
the plosive and affricate series all use f 0 as a primary cue to dis-
tinguish the aspirated and lax categories. If a learner of Korean
has picked up on the f 0 difference in the plosives and affricates
and then makes the incorrect assumption that the fricatives fol-
low a similar pattern, we would expect to see the types of pat-
terns found by some listeners in Figures 2 (e.g. subjects 913
and 918) and 3 (e.g. subjects 23, 9, and 20).

The use of the f 0 as a perceptual cue is not very native-
like. Notice in Figure 1 that the f 0 bar is barely even present in
any of the plots. Because no studies have found significant f 0
differences between /s/ and /s*/ in Seoul Korean, especially in
comparison to the differences found in aspiration and centroid,
we would not expect L1 Korean listeners’ responses to correlate
at all with the f 0 of the stimulus. However, for some of the L2
listeners we found that f 0 predicts the listener’s response better
than any of the other cues. This is likely an example of an L2
listener using an ineffective cue to try to identify members of a
new perceptual contrast.

4. Discussion
The goal of this research was to observe how much influence the
L1 has on perceptual strategy selection by novice L2 learners.
To the extent that there is no influence, we must consider non-
L1 effects such as motivation, input, and random variation. Our
results revealed some L1-specific trends, but also a high level of
intra-L1 variation.

Although we assume that intra-L1 variation is due to the
presence of other effects unrelated to the L1, it is also possible
that we have not selected the correct parameters to put into the
model. That is, the acoustic cues that the listeners from each L1
group attend to the most may not be among the five we selected.
The five acoustic cues in the current model were selected based
on the suggestions of previous studies that they can, either in-
dividually or as a set, reliably differentiate the Korean /s/ and
/s*/ categories. If indeed onset F2 is what Japanese and Man-
darin listeners rely on to differentiate /C/ from the other sibilant
categories, it would be worthwhile to see whether such learn-
ers of Korean try to use onset F2 in identifying Korean /s/ and
/s*/. One could argue that non-native learners would not attend
to onset F2 because it would be such an unreliable cue for iden-
tifying Korean sibilants, but that could also be precisely why
the Korean /s/-/s*/ contrast is so difficult for native speakers of
Japanese and Mandarin.

However, assuming we have indeed chosen the five most
appropriate parameters to put in the model, the implication is
that L2 perception of a new contrast is only partially shaped by
the role of acoustic cues in the L1 and that there exists an el-
ement of individual strategy selection that may be random in
nature. Our results here suggest that, at least for novice learners
of Korean, non-L1 effects play an important role in L2 phono-

logical acquisition. As we continue collecting data, including
longitudinal data for some of the subjects presented here, we
hope to see how the effect of L1 influence changes as profi-
ciency increases.
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