
77

말소리와 음성과학 제3권 제1호 (2011)

pp. 77~83

The Acquisition of External Sandhi in a Second Language:

Production of Obstruent Nasalization by Chinese Learners of Korean
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ABSTRACT

The present study reports the results of an acoustic study of nasal assimilation at word boundaries in Chinese-Korean 
interlanguage. Twelve Chinese learners of Korean and four Korean native speakers recorded obstruent#nasal sequences in noun 
compounds and verb phrases, and their different production patterns were examined in detail. While nasalization of the 
word-final obstruents occurred only in 11.7% of the obstruent#nasal sequences for the Chinese learners, the Korean native 
speakers showed complete nasalization of those sequences. However, there was small, but consistent effect of learning on the 
production of external sandhi in L2, because there were shown to be differences in the rate of nasalization between the two 
proficiency groups of Chinese participants. On average, the intermediate level learners nasalized the target stops at the rate of 
16%, and the beginning level learners showed the 7% nasalization rate. In addition, it was found that the context difference 
such as noun compounds versus verb phrases does not influence the nasalization pattern across word boundaries.

Key words: external sandhi, Korean nasal assimilation, Chinese learners of Korean

1. Introduction

  Most of the previous studies on second language speech have 

focused on the acquisition of phonetic contrasts based on the 

similarities and differences between the sound systems of the 

native language (L1) and the second/foreign language (L2) (Best, 

1995 among others). These studies propose or show that having 

acquired the phonology of one language, the language learner 

will tend to interpret sounds heard in a second language in terms 

of the phonological units in their L1. However, few studies have 

examined the L1 transfer in the phonological processes in L2, 

especially in external sandhi, phonological alternations that take 

place across a word boundary (Cebrian, 2000; Lleo & Vogel, 

2004; Kim, 2000; Park, 2005; Zsiga, 2010). 

  These previous studies, however, have presented conflicting 

results on the patterns of external sandhi transfer from L1 to L2. 

Cebrian (2000), for instance, examined the interference of L1 in 

the production of the voicing contrast in English word-final 
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obstruents by native speakers of Catalan. The voicing contrast 

in Catalan is neutralized by voicing or devoicing rules in 

word-final position, depending on the environment. Both voicing 

and devoicing processes were found to cause interference in L2, 

but voicing rules were not highly transferred across word 

boundaries, while devoicing, a universal process, was productive 

even in the same prosodic domain. Based on the low productivity 

of the voicing rules, Cebrian proposed the ‘interlanguage word 

integrity effect’, defined as ‘an interlanguage prosodic constraint 

that treats every word as a separate unit and prevents the 

synchronization of sounds belonging to different words’ 

(Cebrian, 2000: 19). For instance, the application of the voicing 

rule was shown to be blocked across a word boundary as in swiss 

girl (*swi[z] girl). 

  Similar results in support of the word integrity effect in L2 

phonology were found in Lleo and Vogel (2004), who studied 

Spanish learners of German in the transfer of spirantization and 

nasal place assimilation. Spanish phonology tends to apply 

external sandhi processes across the word boundaries, while in 

German, such processes are absent, keeping prosodic constituents 

more clearly delineated. In a reading task to test for transfer from 

Spanish to German of these two external sandhi processes, it was 
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shown that spirantization and nasal place assimilation were less 

applied over a word boundary and across the intonational phrase 

boundary respectively. 

  On the other hand, Kim (2000), Park (2005) and Zsiga (2010) 

showed that Korean speakers of English often applied nasal 

assimilation even when it impeded communication. Zsiga (2010), 

for example, examined the nasalization in Korean English 

interlanguage, and found a high rate of transfer of nasalization 

(stop mate as [stam met]): on average, 32% of the 

obstruent#nasal sequences in Korean English were pronounced 

as nasalized, though nasalization was in many cases gradient 

rather than categorical, and showed a high degree of speaker 

variation. Similar results were observed in other previous studies 

such as Kim (2000) and Park (2005) in the same interlanguage 

environment. 

  Given the inconsistent results of the previous studies, the 

effect of L1 transfer does not seem to be clear yet in the 

acquisition of the external sandhi in a second language. However, 

if word integrity is a default coordination pattern for L2 speakers, 

a crucial question to be raised here is whether it can be overcome 

with learning. Previous studies put forth inconsistent results on 

the effect of level of instruction in the acquisition of external 

sandhi processes in L2. In Cebrian (2000), for instance, the level 

of instruction was not found to play any role in the results with 

respect to the production of the L2 word-final obstruents. On the 

other hand, Kim (2000) observed a significant effect of level of 

instruction for nasal assimilation, while there was no such effect 

for voicing assimilation. Zsiga (2010) also found no such effect, 

but she pointed out the fact that there were large individual 

differences. Interestingly, Lleo and Vogel (2004) observed an 

effect of level of instruction that intermediate level learners were 

significantly more likely to incorrectly transfer their native 

phonological processes than beginning or advanced level 

subjects. These results were interpreted in the way that 

intermediate level speakers may be advanced enough to plan 

utterances across the words, but not advanced enough to 

coordinate juncture in the way typical of the target language. 

 To test whether L2 external sandhi can be learned, the present 

study is specifically concerned with the Chinese learners' 

acquisition of the Korean nasal assimilation process. It is widely 

known that Korean has numerous examples of processes of 

external sandhi, one of which is nasal assimilation as in (1) 

(Kim-Renaud, 1991; Ahn, 1998). 

  (1) stop nasalization

[-son, -cont] → [+nas] / ___ [+nas]

 The native Korean speakers seem to have difficulties to 

pronounce the sequence of an obstruent and a nasal, and thus 

replace them with a nasal sequence. The nasalization occurs 

across the words (/hwahak#mulli/ → [hwahaŋ mulli] ‘chemistry 

and physics’) as well as within a word (/əknulɨta/ → [əŋnurɨda] 

‘to suppress’). On the other hand, Chinese has no such external 

sandhi process, because in Chinese, only nasals are allowed to 

occur in the coda position.  If they fail to apply nasal assimilation 

at word boundaries and carefully separate words, it can lead to 

problems in communication. The present study examines whether 

the Chinese learners of Korean who have very restricted set of 

coda consonants and also have few external sandhi processes in 

their native language can learn the nasal assimilation in Korean 

as their general proficiency increases.  

2. Method

2.1 Participants
  Twelve speakers of Chinese participated in the experiment, 

who all lived in Seoul, Korea for study in a college. Six of them 

were considered as learners of an intermediate level of Korean 

(3 males, 3 females), and the remaining six as beginning level 

learners (3 males, 3 females). At the time of recording, the 

intermediate level learners were enrolled in an undergraduate 

program after one and a half year intensive Korean classes. The 

average length of instruction was 36 months and they had lived 

in Korea for 1.5 to 4 years. The beginning learners were all 

enrolled in the intermediate-level intensive Korean classes at a 

language institute. They had lived in Korea less than a year. Both 

the intermediate and beginning levels of Chinese learners were 

speaking Mandarin Chinese as a native language and began to 

learn Korean after a critical age. The detailed biographical and 

language background of each participant is given in Table 1. In 

addition to the Chinese learners, four native speakers of Korean 

(2 males, 2 females) who were all speaking Seoul dialect of 

Korean, served as controls. They were all graduate students in 

a college in Seoul, ranging in age from 21 to 33 with a mean 

age of 27.8 years. 
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sound 
sequence test words

p#m sonthop mojaŋ 
‘shape of fingernails’

kjɛkɨp muncɛ 
‘class issue’ 

t#m jənk’oc’ mojaŋ 
‘shape of water lily’

pəlɨs muncɛ 
‘habit problems’

k#m khɨnpuk mojaŋ 
‘shape of a big drum’

juhak muncɛ 
‘issue of studying 

overseas’

p#n cikap næmsæ 
‘odor of wallet’

hwɛkap nai 
‘age for 60th birthday’

t#n pios næmsæ 
 ‘odor of raincoat’

ius nai 
  ‘neighbor’s age’

k#n supak næmsæ 
‘odor of watermelon’

iphak nai 
‘age for entering school’

n#n sæŋsən næmsæ 
‘smell of fish’

kjəlhon nai 
‘age for marriage’

n#m phuŋsən mojaŋ 
‘shape of balloon’

noin muncɛ 
‘problems for the aged’

sound 
sequence test phrases

p#m kimpap məkta 
‘eat Kimpap’

sæcip mantɨlta 
‘build a new house’ 

t#m jəs məkta 
‘eat the Korean taffy’

k’oc’ mantɨlta 
‘make a flower’

k#m mulljak məkta 
‘eat liquid medicine’

phathcuk mantɨlta
‘cook a red bean soup’

p#n cikap nəhta 
‘put a wallet’

suip nanuta
‘share the income’

t#n sokos nəhta 
‘put underwear’

papsoth nanuta
‘share a rice cooker’

k#n koŋchæk nəhta 
‘put a notebook’

ɨmsik nanuta
‘share food’

n#n sinmun nəhta 
‘put a newspaper’

toŋcən nanuta
‘share the coins’

n#m lamjən məkta 
‘eat ramen’

æin mantɨlta
‘get a boy/girl friend’

sex age
age at 

first Korean 
instruction

years of 
Korean 

instruction
(months)

length of 
residence in 

Korea 
(months)

intermediate learners 
1 m 24 22 24 27 
2 m 24 22 24 42 
3 m 24 20 54 18 
4 f 24 20 24 48 
5 f 27 23 45 48 
6 f 23 20 42 42 

mean 24.3 21.2 36 37.5 
beginning learners 

1 m 24 22 13  13 
2 m 24 24 9 9 
3 m 21 20 14 14 
4 f 22 21 9 9 
5 f 21 21 9 9 
6 f 21 21 9 9 

mean 22.2 21.5 10.5 10.5 

Table 1. Biographical and language background 
of Chinese participants

2.2. Material
  The stimuli included two types of materials. As in Table 2, 

the first set of test words were composed of two-word noun 

compounds in Korean. The first noun ended in one of the three 

stops, [p, t, k], which  were followed by either [m] or [n]. In 

addition to these obstruent-nasal sequences, nasal-nasal 

sequences were included as controls. 

Table 2. noun+noun compounds

 

 The second set of the test words also included two-word 
phrases in Korean which showed a structure of Object and 
Transitive Verb.

Table 3. verb phrase with a verb and an object noun

2.3 Procedure
  Each word was written in Korean orthography, and presented 

in a randomized order for each participant. The participants were 

recorded in a sound-proof booth using a Tascam HD-P2 

solid-state recorder and a MXL M3000 microphone, and sampled 

at 22,050 Hz. Before the recording was done, they were asked 

to read the material to familiarize themselves. Each speaker read 

the test words three times and the last two sets were used for 

analysis. Based on the waveform and spectrographic analysis 

using Praat, the detailed production patterns of the Chinese 

learners of Korean as well as the Korean controls were examined.

 

3. Results 

3.1 Korean speakers
  Consistent with the theoretical phonological descriptions in the 

literature (Kim-Renaud, 1991; Ahn, 1998), and many 

experimental studies (Kim, 2000; Park, 2005; Zsiga, 2010), the 

Korean native speakers nasalized the word-final voiceless stops 

when they immediately preceded nasals across the word 

boundary. The four Korean speakers who participated in the 

experiment pronounced 100% of the obstruent-nasal sequences 

across the word boundary, either in noun compounds or verb 

phrases, as fully nasalized. The nasality of the target was 

determined based on the visual inspection of the waveforms and 
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input output noun compounds verb phrases
p#m mm 100% 100%

t#m nm 75% 68.8%
mm 25% 31%

k#m ŋm 100% 100%
p#n mn 100% 100%
t#n nn 100% 100%
k#n ŋn 100% 100%
n#n nn 100% 100%

n#m nm 81.3% 75%
mm 18.7% 25%

spectrograms: nasality was characterized by the presence of 

higher-level formant structure, and corresponding increase 

complexity in the waveforms (Zsiga, 2010). As such both in 

waveforms and spectrograms nasal articulation was clearly shown 

throughout the closure. 

  An interesting observation was that the place of articulation 

was preserved in many cases when the target stop was coronal 

(/t/), namely, in t#m sequence and n#m sequence. For instance, 

the t#m sequence was frequently pronounced as [nm] rather than 

[mm]. The distribution of each obstruent-nasal sequence 

production by Korean native speakers was presented in Table 4.  

Table 4. Mean percentages of nasalization for each 
obstruent-nasal sequences by Korean speakers

(There were two tokens produced with pronunciation errors for 
t#m sequence, which were not included in the analysis.)

 As in Table 4, the place of coronal stops (/t/ or /n/) was 

preserved more than 70% on average. An example sequence is 

shown in Figure 1. 

  (a) /s#m/ → [nm]: ‘jəs məkta’

                      [n]         [m]

(b) /c’#m/ → [m]: ‘k’oc’ mantɨlta’ 

                              [m]

Figure 1. Sample waveforms and spectrograms of coronal#nasal 
sequences produced by a male Korean speaker. (a) represents the 
case where the place of [n] is preserved, and (b), for the case where 
[n] is assimilated to [m])

  In the sample representations of coronal#nasal sequences as 

in Figure 1, the Korean native speakers pronounced the coronal 

target obstruents with two different patterns. In Figure 1(a), the 

example sequences preserved the underlying place of articulation 

and thus the formant transitions into the nasal are indicative of 

an alveolar, and those out of the nasal are indicative of a labial. 

The sequences in Figure 1(b) showed a smooth formant transition 

during the entire closure of the target stop and the following 

nasal. These results are consistent with those reported in previous 

literature on the stop#nasal sequence in Korean (Son et al., 2007). 

3.2 Chinese learners of Korean
  As compared to the Korean native speakers, the Chinese 

learners of Korean showed more variation in the production 

pattern of obstruent#nasal sequences. One of the main purposes 

of the present study was to document detailed production patterns 

that occur and thus example sequences of the various production 

patterns of the Chinese learners are presented in Figure 2. 

 (a) /c’#m/ → [nm]: ‘k’oc’ mantɨlta’ 

  

                [n]                  [m]
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  (b) /c’#m/ → [mː]: ‘k’oc’ mantɨlta’

  

     [mm]

  (c) /c’#m/ → [tm]: ‘jənk’oc’ mojaŋ’

             [t]             [m]

  (d) /s#m/ → [tʔm]: ‘pəlɨs muncɛ’

  

              [t]    [ʔ]            [m]

  

  (e) /s#n/ → preoralized [n]: ‘pios næmsæ’

  

                              [n]

  (f) /s#n/ → [n]: ‘ius nai’

[u]                  [n]

Figure 2. Sample waveforms and spectrograms of various 
examples of obstruent#nasal sequences produced by Chinese 
speakers

  First, Figure 2(a) and Figure 2(b) showed cases where the 

target obstruents underwent the nasalization process. In Figure 

2(a), the place of articulation of the target obstruent was 

preserved and in Figure 2(b), the place of the target obstruent 

was assimilated to that of the following nasal. Figures 2(c) 

through 2(e) indicate that some of the target obstruents were not 

nasalized at all. They could preserve the underlying voiceless 

obstruents as in Figure 2(c) and Figure 2(d). The voiceless stops 

were produced with a closure with/without a release as in Figure 

2(c). The spectrograms of some tokens illustrated a glottalization 

pattern before a nasal or at the end of the preceding consonant. 

As in Figure 2(d), glottalized pulses were shown at the end of 

the preceding obstruent. The example in this figure had only two 

pulses, but some other tokens showed an extended period of 

glottalization. Coda glottalization is also common in other 

languages when it is preceded by a sononant like a nasal (Cohn, 

1993; Huffman, 2005). Figure 2(e) showed a somewhat different 

pattern in that during the consonant closure, there was a short 

period of oral voicing which was followed by nasalization. We 

describe this token as ‘pre-oralized’, following Zsiga (2010). 

Finally, Figure 2(f) showed that the coronal stop was not 

pronounced at all before a nasal consonant. The deletion of the 

target stop was more frequent in coronal stops than the other 

places of articulations such as labial or velar.

  Given that the production patterns of obstruent#nasal 

sequences were similar to one another in three places of 

articulations (labial vs. coronal vs. velar), each production of the 

obstruent#nasal sequences by Chinese speakers were grouped 

into the three categories: a) fully nasalized, b) produced without 

nasalization, and c) deletion of the target consonant. Figure 3 

demonstrates the mean percentage of each production of 

obstruent#nasal sequences by intermediate vs. beginning level 
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participants in noun compounds. 

Figure 3. Mean percentage of each production of
stop#nasal sequences in noun compounds

  As compared to the Korean native speakers who showed 

complete nasalization of the stops, the Chinese learners of Korean 

showed more variation in the production pattern of 

obstruent#nasal sequences. The beginning level of Chinese 

speakers showed nasalization in only 7% of tokens. They 

pronounced the underlying stop-nasal sequence without any 

phonological change, but with a lag between the two words. In 

some cases they did not even pronounce the target consonants. 

This pattern of production has to do with their difficulties with 

producing consonant clusters. Especially in the case of t#m/n 

sequences, more than 50% of tokens were produced without the 

target consonant. On the other hand, the intermediate level 

Chinese learners nasalized the stops at the rate of 16% on 

average. This rate was still very low as compared to the Korean 

natives, but clearly showed that the Chinese speakers were in 

the process of learning the nasalization rule. 

  Another interesting result to note was that the rate of 

nasalization was highest for labial stops. For both intermediate 

level and beginning level participants, labial consonants were 

more frequently nasalized than coronal or velar consonants. This 

pattern was also observed in previous studies (Kim, 2000; Park, 

2005).

  Figure 4 shows the mean percentage of each production of 

obstruent#nasal sequences for the intermediate vs. beginning 

level participants in verb phrases. 

 

Figure 4. Mean percentage of each production of
stop#nasal sequences in verb phrases

  The nasalization pattern in the verb phrase context was similar 

to that in noun compounds. On average, the intermediate level 

learners nasalized the stop#nasal sequence at the rate of 15.2% 

and the beginning learners showed 7.6% of nasalization. Again 

the labial stops showed higher rate of nasalization than non-labial 

stops. As compared to the labial stops, many tokens of non-labial 

tokens were realized with the deletion of the target stops. In 

addition, although it was not shown in the figure, it was observed 

that the beginning level learners produced the stop#nasal 

sequence with a lag between words in many tokens. 

4. Discussion 

  The present study presented the results of an acoustic study of 

nasal assimilation at word boundaries in Chinese-accented Korean. 

The main goal of the study was to examine whether L2 learners 

can learn the external sandhi process in L2, which is not in their 

native language. In the production of the Korean obstruent#nasal 

sequences, Chinese learners of Korean nasalized the target 

obstruents at the rate of 11.7% on average, while the Korean native 

speakers showed complete nasalization. It is worthwhile to note 

that even the intermediate level learners who had three-year 

experience of the target language on average showed less than 20% 

rate of nasalization. Their data were also much more variable than 

those of the Korean native speakers. This result could be argued 

to support the 'word Integrity effect' hypothesis: at least some 

language learners have difficulties in applying L2 phonological 

rules across the word boundaries. Especially the finding of a lagged 

pattern for many beginning level learners strongly supports the 

conception of word integrity as a default pattern that may emerge 

in L2 speech, because the separation between the two words was 

not typical of the native speakers. 
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  Another crucial finding in the present study was that the 

nasalization pattern was found similarly between the two 

contexts, namely, noun compounds and verb phrases. It was 

expected that the nasalization rate would be higher between two 

words within compounds than in the verb phrases, but very 

similar pattern was observed between these two contexts. This 

result reflected the importance of the accentual phrase (AP) in 

Korean. The AP in Korean, which typically groups together an 

object and a verb in close syntactic relation, has a single pitch 

pattern spread over the words in the phrase, with a single 

prominence (Jun, 1993, 1998). The tight coordination of the two 

words in the verb phrases might elicit similar rate of rule 

application. And more interestingly, Chinese learners of Korean 

seemed to learn these prosodic relations at the very early stage 

of learning. 

  While the word integrity hypothesis is supported overall, it 

was found that the word integrity constraint can be overcome 

with learning. Comparison of the nasalization rate between the 

intermediate level and beginning level learners demonstrates a 

small, but consistent effect of learning. The mean percentages 

of nasalization of the beginning level learners were 7% in noun 

compounds and 7.6% in verb phrase, while the intermediate level 

learners showed 16% and 15.2% of nasalization in noun 

compounds and verb phrases respectively. Thus Chinese learners 

of Korean are likely to produce the stop#nasal sequences as more 

native-like as their general proficiency increases. It is not clear 

exactly when L2 learners can get to the level of the native 

speakers in the production of the external sandhi, but at least 

as the general proficiency increases, L2 learners gradually 

improve their production. Note that previous studies have not 

provided any consistent results on the effect of level of 

instruction, and thus some previous studies (Lleo & Vogel, 2004; 

Kim, 2000) found an effect of level of instruction, but other 

studies (Cebrian, 2000; Zsiga, 2010) did not find such effect. It 

remains unclear yet whether the discrepancy observed in the 

previous studies and the present study are due to the nature of 

the phonological processes, the target languages, or other aspects 

of experimental designs. Much further work is necessary to fully 

understand the issue of the acquisition of external sandhi in L2. 
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