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ABSTRACT

This study investigated the effects of learners’ L1 on
their identification of Japanese phonological vowel
length at three speaking rates. Native listeners of
Japanese (NJ) and learners of Japanese with L1
backgrounds in Finnish (NFin), American English
(NE), Russian (NR), and French (NFr) participated
in the study. The results showed that the proportion
of “long” responses increased as a function of vowel
duration for all groups. Meanwhile, only NJ and
NFin shifted the category boundary location
according to speaking rate, which occurred at a
shorter duration for a faster speaking rate. In
addition, NFr’s boundary width was significantly
greater than NJ’s and NFin’s. These results suggest
that L2 learners can access vowel duration as a cue
regardless of their L1, but only those whose L1 uses
vowel duration as a cue for phonological vowel
length can shift the category boundary appropriately
and identify L2 vowel length sharply as NJ do.

Keywords: L2 speech perception, phonological
vowel length, Japanese, L1 influence, duration cue

1. INTRODUCTION

Languages differ in what phonological contrasts
they have and how they use phonetic features as
cues for the contrasts. Second language (L2) learners
use phonetic features as cues differently than native
speakers (NS) in the perception of L2 contrasts (e.g.,
[3, 5, 7, 10, 16]). Since phonetic features are utilized
as cues for phonological contrasts differently across
languages, learning an L2 might require learners to
use phonetic features that are less important as cues
for phonological contrasts in the L1 but are
important in the L2.

Japanese has phonological vowel length. Word
meanings can differ by a difference in vowel length
alone, such as /kado/ (corner) with a phonemic short
vowel versus /kado:/ (Japanese flower arrangement)
with a phonemic long vowel. Vowel duration is the
primary cue for the contrasting length categories [4].

Much research has pointed out that L2 learners
often have difficulty identifying wvowel length
correctly. It has been shown that learners are less
accurate in the identification compared to native

listeners of Japanese (NJ) (e.g., [11, 12]) especially
in word-final position (e.g., [9, 12]). NJ perceive
vowel length categorically, but learners might not [4,
6, 13, 14, 15, 17]. The difference in speaking rates
affects learners’ identification accuracy, but it does
not significantly affect NJ’s [11, 12, 17]. NJ shift the
category boundary as a function of speaking rate, but
learners might not [6, 13, 17]. These differences in
performance may relate to the role of vowel duration
as a cue for phonological contrasts in L2 learners’
languages. However, no previous studies on L2
learners’ perception of Japanese vowel length seem
to have examined this yet. Thus, the current study
explores the role of vowel duration as a cue for L1
phonological contrasts and how this affects L2
learners’ use of vowel duration in the identification
of Japanese phonological vowel length.

A comprehensive approach for such an
investigation includes collecting and comparing data
from L2 learners of Japanese whose L1 differs in
terms of vowel duration cues. Hence, based on the
role of vowel duration in their language, native
listeners of four languages, Finnish (NFin),
American English (NE), Russian (NR), and French
(NFr) were selected. Finnish has vowel length
distinctions for which vowel duration is the primary
cue. American English, which has no such contrast,
may use vowel duration as a cue for tense versus lax
vowel contrasts, for a postvocalic voicing contrast,
and for lexical stress. Russian also does not have
phonological vowel length, but exploits vowel
duration as a cue for lexical stress. French does not
have phonological vowel length, nor is vowel
duration utilized to differentiate any words. English
and Russian, but not French, use vowel duration as
one of the possible cues to differentiate words even
though they have no phonological vowel length.

The Desensitization Hypothesis [2] and the
Feature Hypothesis [8] both consider the role of
vowel duration as a cue in the L1 and its use in the
L2. The former claims that vowel duration in the L2
is easy to access and that listeners use it to
differentiate L2 vowel contrasts regardless of its role
in their L1. The latter argues that prominence of L1
phonetic features determines how well listeners can
use those features as cues and in turn, how
successfully they can acquire L2 contrasts based on
the features. The two hypotheses appear to predict



different results; however, their formulation is based
on different types of studies and they might not
conflict with each other in that they look at a
different aspect of processing vowel duration as an
L2 cue. Thus, we hypothesize that L2 learners can
access L2 vowel duration irrespective of their L1,
but their L1 experience with vowel duration affects
how successfully they can use it in the L2.

2. METHODOLOGY
2.1. Participants

There were 50 participants in total: 8 NJ, 8 NFin, 10
NR, 12 NE, and 12 NFr. No participants reported
any hearing or speaking disorder. The 8 NJ were all
born and grew up in the greater Tokyo area (Tokyo,
Chiba, or Saitama). Their ages ranged from 22 to 48
with the mean being 31.8 (SD=10.6). The 8 NFin
were all born and grew up in Finland and their

dialects all have phonological vowel length contrasts.

Their ages ranged from 22 to 38 with the mean
being 28 (SD=5.8). The 12 NE were all born and
grew up in the US and their mean age was 20.7
(range: 18-25, SD=1.7). The 10 NR were all born
and grew up in Russia and their ages ranged from 21
to 28 with the mean being 24.3 (SD=2.2). The 12
NFr were all born and grew up in France, and spoke
dialects which have no distinction in vowel length.
Their mean age was 23.3 (range: 19-31, SD=3.6).

2.2. Stimuli

45 stimuli were created from a token of a nonsense
word /nono:/ produced in isolation with an HHH
accent pattern. A female native speaker of Tokyo
Japanese in her twenties pronounced /nono:/ in an
HHH accent pattern 20 times and in a LHH pattern
12 times. The words were recorded using a linear
PCM recorder (SONY PCM-D50) at a 44.1 kHz
sampling rate and 16-bit quantization with an
electric condenser microphone (SONY ECM-
MS957) in a sound-attenuated room.

Table 1: Segment durations and FO values of the
original token.

The accent pattern, V2 duration, and the duration
of C1V1C2 of the original token were manipulated
using the PSOLA function in Praat. First, noise
before C1 and after V2 was cut off and 20 ms-
silence was inserted. Next, the accent pattern, LHH
was manipulated by removing all pitch points of the
original and setting new pitch points as the FO values
shown in Table 2, which were the mean values of
the 12 tokens produced in the LHH pattern. Then V2
duration was shortened or lengthened from 40 ms to
390 ms in 25 ms steps (15 steps) by setting duration
points in relative forms from 0.12 (40 ms) to 1.15
(390 ms). Finally, the duration of C1V1C2, was
shortened to 135 ms or lengthened to 270 ms by
setting the relative duration (0.7 or 1.4). The three
different durational patterns including the original
193 ms (1.0) simulated changes in speaking rate.

Table 2: Manipulation of the LHH pattern: Loci of
pitch points in time (sec) and FO values (Hz).

C1 V1 C2 V2

max L%
onset | onset | onset | onset

0.019 | 0.046 | 0.142 | 0.213 | 0.316 | 0.552

loci | 962 | 315 | 616 | 236 | 174 | 823

FO | 206.8 | 182.1 | 180.8 | 210.9 | 220.5 | 209.7

segment n 0 n 0.

duration (ms) 264 | 96.3 | 70.6 | 339.6

FO onset | 235.6 | 226.4 | 226.4 | 227.5

(Hz) | offset | 226.4 | 226.4 | 227.5 | 209.5

The duration of each segment for the 20 tokens
with an HHH pattern was measured using Praat [1].
One token, which had a duration similar to the mean,
was selected as the original token. Table 1
summarizes acoustic characteristics of the token.

2.3. Procedure

Each stimulus was presented to participants in
isolation 6 times in a random order. Thus, the test
section consisted of 270 trials (15 stimuli x 3 CVC
durations x 6 times). They were divided into 15
blocks (18 stimuli per block). The participants did a
practice session, which contained 12 trials (2
endpoints x 3 CVC durations x twice) prior to the
test session. Participants were asked to identify
whether the word was /nono/ or /nono:/ and to give a
response by pressing a specified key, which was
labeled “nono” or “nono:” in Japanese katakana, on
a PC. It took approximately 10 - 17 minutes to
complete.

3. RESULTS

Figure 1 shows the logistic functions for each L1
group for each CVC durational pattern. The lines
and the shapes represent the fitted logistic curves
and the observed proportion of “long” responses,
respectively. The proportion of “long” responses
increases as a function of V2 duration, giving an s-
shaped curve for all groups. On the other hand, for
NJ and NFin, the three curves are separately located,
which indicates that the identification as long occurs
earlier as the CVC duration is shorter.



Figure 1: Proportion of “long” responses as a
function of vowel duration for the three durational
patterns. Top to bottom: NJ, NFin, NE, NR, & NFr.
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Figure 2 shows mean estimates of the category
boundary. A two-way repeated measures ANOVA
with L1 as a between-subjects factor and CVC
durational pattern as a within-subjects factor showed
no significant main effects of L1 [F(4, 45)=2.2,
p=0.087, n.s.] and CVC durational pattern [F(1.58,
71.2)=3.4, p=0.050, n.s.]. However, an interaction
between L1 and CVC durational pattern was
significant [F(6.33, 71.2)=5.8, p<.001]. Thus, a one-
way repeated measures ANOVA was run for each
L1 group. ANOVAs for NE, NR, and NFr showed
no main effect of CVC durational pattern [NE: F(2,
22)=1.2, p=0.320, n.s.; NR: F(2,18)=0.9, p=0.418,

n.s.; NFr: F(1.31, 14.37)=1.7, p=0.221, n.s.], but
ANOVAs for NJ and NFin showed a main effect
[NJ: F(2, 14)=28.7, p<.001; NFin: F(2, 14)=18.1,
p<.001]. A post hoc test for NJ revealed that the
category boundary for 1.4 occurred at a significantly
longer duration than those for 0.7 (p<.01) and 1.0
(p<.05). Also, the boundary for 1.0 occurred at a
significantly longer duration than that for 0.7 (p<.01).
That is, the boundary value was 0.7 (151.1 ms) < 1.0
(178.2 ms) < 1.4 (211.5 ms) for NJ. Quantitatively,
NFin’s category boundary was also 0.7 (153.9 ms) <
1.0 (172.1 ms) < 1.4 (188.2 ms). A post hoc test for
NFin showed significant differences between 0.7
and 1.0 (p<.05), and 0.7 and 1.4 (p<.01), and a
marginal difference between 1.0 and 1.4 (p<0.1).

Figure 2: Mean estimates of category boundary.
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Figure 3 shows mean estimates of the boundary
width. A two-way repeated measures ANOVA on
boundary width with L1 as a between-subjects factor
and CVC durational pattern as a within-subjects
factor showed significant main effects of L1 [F(4,
45)=4.6, p<.01] and CVC durational pattern [F(1.7,
75.7)=5.7, p<.01]. An interaction between L1 and
CVC durational pattern was not significant [F(6.7,
75.7)=0.69, p=0.670, n.s.]. A Tukey (HSD) post hoc
test for the main effect of L1 revealed that NFr’s
boundary width (67.8 ms) was significantly greater
than NJ’s (28.1 ms) (p<.01) and NFin’s (30.1 ms)
(p<.05). NE’s boundary width (58.0 ms) was also
marginally greater than NJ’s (28.1 ms) (p<0.1).
There were no other significant differences between
any pair. In addition, the post hoc test for the main
effect of CVVC durational pattern showed significant
difference between 1.0 (42.6 ms) and 1.4 (52.2 ms)
(1.0 < 1.4, p<.01).

Figure 3: Mean estimates of boundary width.
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4. DISCUSSION

The proportion of “long” responses increased as a

function of vowel duration, giving an s-shaped curve.

This indicates that all groups identified vowels as
short and long when vowel duration was sufficiently
short and long, respectively. That is, all L2 learners
are sensitive to vowel duration as a cue. The role of
vowel duration in the L1 does not relate to the
ability to access vowel duration for length
identification in the L2, as suggested by the
Desensitization Hypothesis [2].

Only NFin among the L2 learners shifted their
category boundary as a function of speaking rate in
the same fashion as NJ. The current results suggest
that NJ and L2 learners with experience using vowel
duration for phonological vowel length in the L1
refer to surrounding segment duration, detect
durational differences, and shift their boundary
location. NE and NR, whose L1 uses vowel duration
for segmental contrasts and/or lexical stress, and
NFr, whose L1 does not utilize vowel duration to
differentiate any words, behaved similarly. Thus, we
can conclude that only L1 experience with vowel
duration for phonological vowel length provides L2
learners with the ability to shift the category
boundary appropriately to adapt to speaking rate, as
suggested by the Feature Hypothesis [8].

The inability to shift the category boundary
shown by the three groups is in line with the report
by [13] and [17]. On the other hand, [6] states that
American English listeners can learn to shift the
boundary location according to the temporal context
with a 5-day perceptual training program. This
implies that L2 learners without L1 experience using
vowel duration for length distinctions need some
specific training to be able to shift the boundary
location according to speaking rate. By contrast, L2
learners whose L1 has a vowel length contrast have
already developed such an ability in their L1, and
can use this ability in the L2.

NFr’s boundary width was significantly larger
than those of NJ and NFin. This result suggests that
the role of vowel duration in the L1 relates to the
sharpness of length identification in the L2, as
suggested by the Feature Hypothesis [8]. First, L2
learners with L1 experience using vowel duration for
vowel length distinction identify vowel length
sharply, at the level of NJ. Next, L2 learners without
L1 experience using vowel duration to differentiate
words identify vowel length less sharply compared
to NJ and L2 learners whose L1 has phonological
vowel length. Finally, L2 learners whose L1 uses
vowel duration to differentiate words but not for

phonological vowel length do something in-between.

On the other hand, NE’s boundary width was

marginally greater than that of NJ. That is, NE’s
length identification is less similar to NJ’s than NR’s
in terms of the sharpness. This suggests that factors
other than vowel duration in the L1 also affect the
sharpness of length identification in the L2.

The boundary width was affected by speaking
rate and that of 1.4 was significantly larger than that
of 1.0. This indicates that listeners were less sharp at
identifying vowel length when the stimuli were
spoken at a slow speaking rate than at a normal
speaking rate. It is possible that stimuli for which the
CVC duration was lengthened, due to the
manipulation, might have sounded unnatural
compared to stimuli with original duration. However,
the identification sharpness did not differ between
the stimuli with the original duration and those with
the shortened duration. Consequently, unnaturalness
due to the manipulation does not fully explain the
result. On the other hand, [17] also reported less
sharp length identification at a slower speaking rate.
Thus, there might be some mechanism for relating
length identification and speaking rate.

Here, it is interesting that not only NJ and NFin,
who showed a boundary shift as a function of
speaking rate, but also the others, who did not show
such a shift, demonstrated the effect of speaking rate
on the boundary width. This indicates that the
learners hear surrounding segment durations and are
sensitive to durational changes. Thus, it seems that
what is challenging for L2 learners who lack L1
experience using vowel duration for phonological
vowel length is being able to shift the boundary in
relation to speaking rate. Their sensitivity to
durational changes, on the other hand, further
supports the idea that L2 learners can access vowel
duration as a cue regardless of its role in their L1.

5. CONCLUSION

This study investigated how vowel duration in
learners’ L1 affects its use in the identification of
vowel length contrasts in the L2. The major findings
are as follows. First, L2 learners, regardless of their
L1, can access vowel duration as an L2 cue. Second,
experience using vowel duration as a cue for
phonological vowel length in the L1 allows L2
learners to shift the category boundary appropriately
as a function of speaking rate and to identify vowel
length sharply in the L2. To conclude, the role of
vowel duration in the L1 does not affect the ability
to access L2 vowel duration, as suggested by the
Desensitization Hypothesis. Instead, it relates to the
ability to shift the category boundary in relation to
speaking rate and to identification sharpness, i.e., the
ability to use vowel duration successfully, as
suggested by the Feature Hypothesis.
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