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ABSTRACT 

This study examines the difference in the perception 
of the Japanese moraic nasal (/ɴ/) by followed by a 
vowel between Japanese native speakers (JN) and 
Korean learners of Japanese (KA: advanced 
learners, KB: beginners). The participants were 
instructed to identify stimuli by choosing one of two 
choices (/goseɴeɴ/, /goseːeɴ/). 

The results showed that regarding the stimuli in 
the test word /goseɴeɴ/, the JN judgment rate of /ɴ/ 
is higher than that of the KB. This means that KB 
depends on “the degree of closure” more than JN in 
judgments of /ɴ/. KA's judgment was similar to that 
of JN. On the other hand, regarding the stimuli on 
the test word /goseːeɴ/, KA showed the lowest 
percentage of judgment rate of /ɴ/ among the three 
groups. They correctly perceived the long vowel 
part as a vowel ([e]). It indicates that KA did not 
reach the level of acceptance by JN in terms of the 
acceptance of vowels as free allophones of /ɴ/ in the 
intervocalic position. 
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1. INTRODUCTION 

Japanese is a language with mora units, generally 
structured /V/ and /CV/. In addition, there are also 
the so-called special morae, such as Japanese 
moraic nasal (hereafter /ɴ/), the geminate 
consonant, and long vowels. Previous studies have 
focused on the lengths of special morae. Although 
/ɴ/ is characterized by being generated as various 
sounds in contrast to long vowels and geminate 
consonants, few studies have focused on /ɴ/ sound 
variations.  

In this study, perceptual experiments were 
conducted with a focus on the variation of /ɴ/. This 
study includes Korean learners of Japanese, to 
compare /ɴ/ recognition between native and Korean 
learners. This study will also investigate the mastery 
of /ɴ/ by the level of learning. 

2. LITERATURE 

In general, /ɴ/ is generated as a nasal consonant 
assimilated to the place of articulation when an 
obstruent follows. In Japanese phonemes, /ɴ/ has the 
most conditional allophones.  Furthermore, while 
/ɴ/ is known to be followed by vowels and semi-
vowels (/w, j/), the resulting sounds have been 
considered as nasal vowels (/a", ı,̃ u" , e", o"/). However, 
previous studies disagree in regard to the /ɴ/ sounds 
followed by vowels and semi-vowels in the 
intervocalic position.  

There is a variety of observations about the 
intervocalic /ɴ/ sounds, which are nasal vowels (e.g. 
[ẽ]), vowels (e.g. [e]), nasalized approximants (e.g. 
[ɰ̃]), nasalized fricatives (e.g. [ɣ" ]), voiced velar 
nasal([ŋ]), and voiced uvular nasal ([ɴ]) ([1], [2], [3], 
[4], [5], [6], [7], [8], [9], [10]). In the case of the 
intervocalic /ɴ/ sounds, many variations can be 
called a “free variant.” The cause for such variations 
has been attributed to individual differences ([9], 
[11]), speech styles ([5], [7]), and speech rates ([5], 
[7]). Meanwhile, according to [9], there are no clear 
regional differences in the articulations of /ɴ/ 
sounds. 

When generated as vowels or nasal vowels, as 
with words like “/seɴi/ fiber” and “/seːi/ sincerity”, 
they can be confusing even among Japanese native 
speakers, so it is necessary to judge the words 
depending on the context ([4], [8]). However, as 
described above, the intervocalic /ɴ/ is generated not 
solely as nasal vowels (or vowels) but includes 
variations such as completely closed nasal stop [ŋ] 
(or [ɴ]) in the oral cavity, and the intermediates 
between these two. In order to avoid confusion, it is 
effective to generate /ɴ/ as a nasal stop, however, 
this gives the impression that the sounds are being 
emphasized ([12]). In other words, “the degree of 
closure (manner of articulation)” is important for 
the recognition of /ɴ/, while it may make it feel 
unnatural.   

In the Korean language, on the other hand, it is 
necessary to distinguish clearly the place of 
articulation (/m, n, ŋ/) on the nasal codas. 
Furthermore, these nasal codas need to be 
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completely closed in the oral cavity. Thus, 
regarding the perception of /ɴ/ sounds followed by 
a vowel, there is the possibility that differences 
between Japanese native speakers and Korean 
learners of Japanese may be due to attentiveness 
toward the degree of closure.  

Therefore, this study incorporates native 
Korean speakers alongside Japanese speakers, as 
Korean provides a prime example of a language 
with contrastive phonemes on the nasal coda.  

3. METHOD 

In Japanese phonology, /ɴ/ and long vowels have 
been thought of as contrasts. However, there are 
cases when variations in /ɴ/ obscure phonetic 
differences between phonemes despite the apparent 
phonological differences between the two. 

Accordingly, this study employs meaningful 
words that contain “/ɴ/ + vowel (/goseɴeɴ/: five 
thousand yen)” and add “vowel + vowel (/goseːeɴ/: 
encouragement)” consisting of five morae. Seven 
Japanese native speakers (S1, S2, S3, S4, S5, S6, 
S7) were asked to produce various sounds at the 
third mora of /goseɴeɴ/ in four speech rates. The 
four speech rates consist of “A (slow),” “B 
(normal),” “C (relatively fast),” and “D (fastest),” in 
order of the rates. Each utterance was measured in 
length and respectively classified as intended 
speech rate. Speakers were allowed to practice 
reading the sentences before recording. While the 
test words were embedded in carrier sentences when 
they were recorded, they were omitted from the 
sounds tested to prevent interference in judgments 
due to the influence of context ([4], [8]).  

The listeners consisted of groups of 30 native 
speakers of Japanese (JN), 60 native speakers of 
Korean; 30 beginner learners of Japanese (KB), and 
30 advanced learners (KA). KB, in their 20s, studied 
Japanese for less than one year and majored in 
Japanese at a Korean university, and 30 KA, also in 
their 20s, have passed the JLPT Level 1 and studied 
at a Japanese university for more than one year.  

The total number of stimuli is 56 sounds (two 
test words × seven speakers × four speech rates). The 
stimuli were randomly ordered, and listeners were 
asked to listen to each stimulus only once. After 
being given the instructions, listeners had 10 
minutes to practice and become familiar with the 
process. The perception experiment took about 50 
minutes, including breaks. A pause of three seconds 
was placed between each stimulus. Listeners were 
asked to choose one of two choices (/goseɴeɴ/ five 

thousand yen, /goseːeɴ/ encouragement) to identify 
whether the stimuli are /ɴ/ or the long vowel. Two 
types of test forms (type1: /goseɴeɴ/ five thousand 
yen or /goseːeɴ/ encouragement, type2: /goseːeɴ/ 
encouragement or /goseɴeɴ/ five thousand yen) 
were prepared to offset any influence that the choice 
order may have. The choices were written in 
Japanese. The experiments were conducted in a 
silent room, with participants left alone for the test 
duration. 

4. ANALYSIS OF STIMULI 

We asked three researchers specializing in 
phonetics or phonology (one Japanese Native 
speaker, one Korean Native speaker and one 
English Native speaker) to listen to the stimuli and 
describe them in IPA. As a result, the stimuli are 
categorized into three groups as shown in Table 1 
((1) [ẽ], [ĩ], (2) [ɰ̃], and (3) [ɴ]). Only six sounds 
were described as nasal vowels. 

As mentioned in Section 2, some studies ([5], 
[7]) claimed that the sounds of /ɴ/ vary according to 
the speech rate. However, there was no obvious 
consistent correlation found between these sound 
variations (nasal vowels or [ɰ̃] or [ɴ]) and the 
speech rate (the length of each stimulus) for the 
twenty-eight stimuli of /goseɴeɴ/ in this study (r2=-
0.082). This result disagrees with the previous 
studies ([5], [7]). This study shows that the 
distributions of the stimuli vary across the speaker. 
Eventually, various sounds with different degrees of 
closure were collected in this study. 

Furthermore, we observed the spectra of the 
third mora in the test word (/goseɴeɴ/). Regarding 
nasal vowels ([ẽ], [ĩ]), almost all frequencies keep 
their energy evenly like in stimulus B from S6 
(figure 1). The same tendency was observed in the 
third mora /e/ of another test word /goseːeɴ/. On the 
other hand, stimulus B from S4 (figure 2) which was 
categorized [ɰ̃], shows the sudden decays of certain 
frequency regions (e.g. around 2,000Hz). These 
phenomena are called anti-formants. Anti-formants 
are frequency regions in which the amplitudes of the 
source signal are attenuated because nasal cavities 
absorb energy from the sound waves when the oral 
cavity is closed. This is known as a characteristic of 
nasal consonants ([13]). Although stimulus D from 
S2 was described as [ɴ] in figure 3, it displays a 
spectrum that resembles that of the [ɰ̃] in figure 2. 
Thus, the results show that while anti-formant 
possibly contributes to the /ɴ/ recognition, it may 
not be the only cue for perception. 
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 [ẽ] or [ĩ] [ɰ̃] [ɴ] 
S1  A, C, D B 
S2 A, B C, D  
S3  A, D B, C 
S4   A, B, C, D 
S5  A, B C, D 
S6 A, B, D C  
S7 B A C, D 

Table1: IPA description of the third mora of /goseɴeɴ/ 
 

 
Figure 1: [ẽ] the spectra of the third mora in 

/goseɴeɴ/ 

 
Figure 2: [ɰ̃] the spectra of the third mora in 

/goseɴeɴ/ 

 

Figure 3: [ɴ] the spectra of the third mora in 
/goseɴeɴ/ 

5. RESULTS 

5.1 Number of correct answers for test words 

Regarding the test word /goseɴeɴ/ (Table 2), JN 
correctly judged /goseɴeɴ/ in 639 instances out of a 
total of 840 (seven speakers x four times x thirty 
listeners), while KB only correctly judged in 496 
instances. KA correctly judged /goseɴeɴ/ in 609 
instances out of a total of 840 KA showed a 
tendency similar to JN. Significant differences were 
found among the three groups (one-way ANOVA 
(p=0.05), F (2, 2517) =11.206, p<0.001). Multiple 
comparisons among the three groups were 
conducted based on the Benjamini-Hochberg 
method (q=0.017). The correct judgment of JN and 
KA are significantly higher than that of KB (JN vs. 
KB: p<0.001, KA vs. KB: p<0.001).  There was no 
significant difference between JN and KA (JN vs. 
KA: p=0.109). 

On the other hand, regarding the test word 
/goseːeɴ/ (Table 3), significant differences were 
found among the three groups (one-way ANOVA 
(p=0.05), F (2, 2517) =12.300, p<0.001). JN 
correctly judged /goseːeɴ/ in 555 instances out of a 
total of 840 (seven speakers x four times x thirty 
listeners). KB and KA correctly judged /goseːeɴ/ in, 
respectively, 641 and 623 instances out of a total of 
840. KA and KB showed similar tendencies, with 
no significant differences between them (p=0.325). 
The judgment of JN was significantly lower than 
that of KB and KA (JN vs. KB: p<0.001, JN vs. KA: 
p<0.001).   

Summarizing these results, the recognition of the 
two test words as /ɴ/ to the stimuli was higher for 
JA (924 out of 1680), KA (826 out of 1680), and KB 
(695 out of 1680), in that order. However, in terms 
of the seven speaker's intentions for the test words 
(the original meaning of each word), KA had the 
highest percentage of correct responses among the 
three groups. 

 /ɴ/ long vowel 
JN 639 201 
KB 496 344 
KA 609 231 

Table 2: Recognition of /goseɴeɴ/ (Max 840) 
 

 /ɴ/ long vowel 
JN 285 555 
KB 199 641 
KA 217 623 

Table 3: Recognition of /goseːeɴ/ (Max 840) 
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5.2 Correlation between degree of closure for /ɴ/ 
and its judgment 

In this section, we investigated the difference in the 
judgment rate for /ɴ/ in the third mora of the test 
word /goseɴeɴ/ depending on the degree of closure 
((1) [ẽ], [ĩ], (2) [ɰ̃], and (3) [ɴ]). 

As shown in figure 4, the judgment rate for /ɴ/ 
approached 100% as the degree of closure for /ɴ/ 
increased in all groups. However, even for /ɴ/ 
sounds with insufficient closure ([ẽ], [ĩ], [ɰ̃]), JN 
had a significantly higher /ɴ/ judgment rate than KB 
(p<0.001). Regarding [ɰ̃], KB had a significantly 
lower recognition as /ɴ/ than JN and KA (Table 4).  

Thus, it indicates that the sensitivity of closure in 
recognition of /ɴ/ varies depending on the native 
language and the learning level of the target 
language. 

6. DISCUSSION AND CONCLUSION 

In the perception of stimuli of the two test words, 
JN judged /ɴ/ more frequently than the learners, and 
judged vowels less frequently than the learners. 
Particularly, in comparison with KB, JN had higher 
rates of judgment as /ɴ/ even for sounds with 
insufficient closure ([ẽ], [ĩ], [ɰ̃]). This means that 
KB depends on “the degree of closure” more than 
JN in judgments of /ɴ/. On the other hand, the KA 
judgment rate had results similar to the JN. 

However, regarding the stimuli on the test word 
/goseːeɴ/, KA showed the lowest percentage of 
judgment rate of /ɴ/ among the three groups. In 
other words, they correctly judged the stimuli 
([goseːeɴ]) as intended /goseːeɴ/, and they correctly 
perceived the long vowel part as a vowel ([e]). This 
indicates that KA did not reach the level of 
acceptance by JN in terms of the acceptance of 
vowels as free allophones of /ɴ/ in the intervocalic 
position.  

Complete closure makes it easier to recognize 
stimuli as /ɴ/ for both JN and the learners, while a 
sound closer to a vowel with no restriction is 
perceived as /ɴ/ more naturally with the intervocalic 
position to JN. This result supports the view of [14]. 

In contrast, the Korean language has three nasal 
codas (/m, n, ŋ/), which have independent places of 
articulation, and places of articulation must be 
strictly maintained to distinguish them. The same 
opinion has been reported that English speakers do 
not perceive /ɴ/ like the English nasal coda, 
according to [15]. 

In conclusion, we found it more difficult for 
Korean speakers to recognize /ɴ/, which varies 
widely depending on “the degree of closure.” 
Furthermore, it indicates that the sensitivity of 
closure in recognition of /ɴ/ varies depending on the 
native language and the learning level of the target 
language.

 

 
Figure 4: Recognition rates of /ɴ/ for stimuli /goseɴeɴ/ in each classification 

 JN KB KA one-way ANOVA (p=0.05) 
Benjamini-Hochberg method (q=0.017) 

JN vs. KB JN vs. KA KB vs. KA 
[e"], [ɪ]̃ (Max 180) 86 (48%) 43 (24%) 64 (36%) F (1, 537) = 11.600, p<0.001 <.001 0.057 0.042 
[ɰ& ] (Max 330) 252 (76%) 185 (56%) 247 (75%) F (1, 987) = 20.530, p<0.001 <.001 0.903 <.001 
[ɴ] (Max 330) 301(91%) 268 (81%) 296 (90%) F (1, 987) = 9.423, p<0.001 0.001 0.932 <.001 

Table 4: Comparison between three listener groups in each classification for /ɴ/ sounds 
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