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Abstract

Korean nasals /m/ and /n/ are generally considered by Korean phoneticians to be
hardly different from the corresponding English sounds, but those in-initied
position are often perceived as plosives by native speakers of Englisthathizen

noted by only a few previous observers, and ingattd on a very limited scale.

In this study, various experimental methods evemployed in systematic
analyss of the production and acoustic form of wamdial /m/ and /n/ from fluent
conneted speech collected from a relatively large number of informants, and
corresponding perception tests were conducted with groups of Korean and English

listeners.

Auditory and spectrographic analyses confirmed that the segments were
commonl y fdEeyadspal characteristics widely different from those of
sonorant nasals, lacking the nasal formants commonly seen in spectrograms; in most
cases they were more similar to voiced plosives, many tokens even showing-plosive
like release bursts. Spectranalyses confirmed that denasalized nasals are
significantly different from sonorant nasals throughout the whole frequency range but
remain somewhat different from voiced plosives in the low and high frequency regions.
Aerodynamic and accelerometer stgdiavhich examined the consonants in CV
combinations, indicated that the denasalized sounds are evidently produced with a
pattern of velopharyngeal control which is different from those of sonorant nasals or of
plosives. Perception tests showed overwheligirigat the woreinitial denasalized
sounds are categorized as nasals by Korean listeners but as plosives by English
listeners. When real voiced plosive tokens from another context are artificially moved
to wordinitial position, Koreans perceive thesems nasal s, whil e En

responses are not sensitive to the context.

The study shows that denasalization needs to be acknowledged as a major
regular feature of spoken Korean, even though it has been largely ignored up to now.

Directions for futher research are outlined.
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Chapter 1

Introduction

The research topic of this thesis is derived from my experience while teaching Korean
courses at Brigham Young University in Provdaklabout 12 years ago, where most
of my students were fluent speakefsKorean, having spent 1.5~2 years in Korea as
missionaries. As part of assessments, dictation tests were given in class regularly and
during these tests | noticed something | had never done before, which much intrigued
me; oftentimes, many studedtalmog all students weraative speakers of American
Englistd werewriting /p/ for thenasalsound /m/ and /t/ for the nasalsound

In/. For example, the word fdwatebis  /mul/, however, many would write
dire6/pul/; and the word foéice paddgis  /non/ but they would write dmoney
/ton/. When | called out the answers, studesaigthat they were sure they hedpail/
and /ton/ instead of /mul/ and /non/ gobtested! At that time | could do nothing but
give them ample eatraining by repeatinghe words for comparisoras| could not see
how/m/ and /nicould beheard as [p] and [t]: they were clearly nasal vs. plosive to me.

Apparently, though, this was not the case to my students.

Once atUCL a few years lateand in consulting with my supervisor, it was
confirmed thathere is a perceived auditory difference in Korean nasals depending on
their environment, especially when they are in wioital position This is very
different fromEnglish nasals which perceptually have the same quality regardless of

their positons in the phonological context. | thoughatihis might have something to
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do with my American student s Gandthatshere r c e p't

must be some féaors that make these Korean nasals sound plosive to them.

Pilot studies

A variety of trial dataverecollected through pilot stlies: first, using the spek filing
software, WASP/SFS, a numberkidrean words with an initial nasal consonant were
recorded; second, the author talked to her mother in Korea on the phone leading her to
say words starting with a nasal followed by different vowels, for about ten minutes;
third, some news video clips dfd national TV were listened to for nasals that sound
differently; lastly, the author had #® of her nieces, aged ten, sed six, make

recordingsof a list of words starting with a nasal, followed by vowel /a/.

Figure 11 is an example of one of tleewords recorded by the 6 yead.
Compare thistoFigure 2, part of a noaoa&€kenber awoodd é dh;
native English speaker. There is a clear difference in the /m/ at the beginning of each
figure: in Figurel.1, the absence of the nasainhants clearly visible in Figurk2 is
very striking. As a result dhese observations,began to seerthat there is some
change the Korean nasals go through in their vitahl positions.

i
”':”,‘.,'u...nunmmnlll
A ! T

| i

m b

R P e o e e e o e o e e i ot o e et ot o A o e o iy e

Figurel.l: Part of wavef or m afpshjgeyteredtoyadygaradddm of [ ma
native Korean speaker.
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ime (ma)|[320, [360, 360 [380, 1400,  [420, 440, 1460, 1480, 500 1520  s40  [560 |60 1600, 1620,  [640 [660, 680|700, 720|740, 760 780 1800, 820
= VA PPV PP v PPV TPPP b YPP v PRPP e POVP by PRV OOP b POPP i PR vt OPP vy PPN v PP vy APPP v PP vy PRV PO v YT TPPRT v YPP PPV PP v OPP v OO
afawin(srate=16000) sp.01

.” : Mfwmmmmmmmm:

rrerl 1. 10010

;-:meemmmm

ET | O PP PO OO0 00500 YT 5 T T O T Y o P O \ Dnle

Figurel.2: Part of waveforms and spectrograms of anonsensewardgimp ] ut t er
by a native English speaker.

Previous studies

A preliminary review of literature showed that not one Korean researcher had
investigated the apparent variation in nasals. Since Hunmin Chongeum (King Sejong,
1443), which was the first comprehensive documentation on Korean phonetics, up to
2006 there hadbeen numerous publications on Korean phonetics and Korean nasals
written by Korean scholars but none of them looked into this matter. In fact, many
authors of Korean phonetics, Gim (1937) among them, describe Korean nasals as
practically the same as Engii nasals. If that was the case, why did so many of my
native English speaker students think that they heard [b] and [d] when in fact | was
saying /m/ and /n/? Two reasons could be presumed: one, certain Korean nasals did
really sound the same as Englisbioed plosives; two, native Korean speakers,

whether trained in phonetics or not, are simply not sensitive to this sound change.

More recent literature showed that native Korean researchers of phonetics had
some difficulty dealing with /m/ and /n/ in thveord-initial position: for example, an
extensive study done on Korean nasaldHmang (2002)eports that it igifficult to
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acoustically characterize Korean nasals in wartial positions because they are
Apar t | y adddonotshove ah@ugh energy the spectrogran{p. 5).However,

this observation, although not pursued by Hwang, again indicates something very
clearly about these nasals: if they were English nasals, neither would they be partly
devoiced nor would they commonly show not enoughrggn®n spectrograms to

permit segmentation and measurement.

A few Englishspeaking researchers (Jones, 1924; Martin, 1951; Chen and
Clumeck, 1975), however, had documented this odd behaviour of Korean nasals /m/
and /n/ in part, all of them with slightldifferent observations. Although highly
significant in that they recognizeahd reported on this otherwise unacknowledged
sound change in Korean nasals, these reports do not provide conclusive findings
backed by experimental accounts using reliable mstlaod with a reasonably sized
pool of data. Even the most recent reports from other researchers (Yoshida, 2008; Lee
and Kim, 2007, both of which carried out an aerodynamic experiment), did not reach

conclusive findings.

In sum, it is apparent that the K@amn nasals /m/ and /n/ are still problematic
and that they need to be clarified more thoroughly by an investigation using a range of
reliable methods, and on the basis of a substantial body of data that will provide

convincing results.

The current thesis

The main purpose of ikthesis is to find out whahe sound change that weirdtial

/m/ and /n/ in Korean go through( her eaf t er fAdenasalizati or
Clumeck, 1975) and how the resulting sounds are perceived by listeners with different
language backgrounds. The range of approaches employed together is wider than in
any previous work, and the data and exxpents much more extensive. It covers
auditory analyses; acoustic analyses looking at speech waveforms, spectrograms and
spectra; a production study using airflow measurement by means of arasalo

divided mask; an experiment using a surface nasallexoceeter to measure nasal

energy levels; and finally perception tests using natural speech stimuli manipulated by



18
Chapter 1. Introduction

splicing, presented to two language groups of listeners, Korean and English. It is hoped
that the combination of methods should produce &t picture of denasalization in

Korean.

Sonmper el i mesak yshe experi ment s eiprorttleids i
conference paperRd906Ki d@®a&jtrhhAcebelessy s wi t h

restagueesti ons rai sede tchepteh.in consi der atk

In addition to the range and scope of the experiments which have been
attempted, there is another way in which the present study is different from most
others: the target sounds which are studied are not taken from careful forms of words
pronounced in isaltion, or embedded in brief carrier phrases, but have been
segmented from running speech which is meaningful and natural. My own pilot
investigations had looked atord-initial nasals incitation forms and the preliminary

findings might therefore not veryell reflect what happens in real speech.

Research questions and hypotheses

Based on the purpose of this thesis previously statéde f ol | owi ng r esea

were raised for investigation:

1. What are the phonetic properties of these sounds?
a. How can they be characterizadd described auditority
b. What are the acoustic properties of these consonants?
c. What are the aerodynamic characteristics of these consonants?
d. What happens to the coarticulatory nasality of neighbouring vowels?
e

. How do Koreand and users of other langua@eperceive these sounds?

2. Under what circumstances aregheounds used in Korean?
a. What are the phonetic and phonological environments for the use of these
sounds?
b. Do the environments in which they occur have any correlation with
prosodic features?

3. What are the implications for general phonetic theory?
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Hypotheses

General lgpotheses based on some of the research questions aboverwedatedas

follows:

1. During the hold phase of denasalized nasmsonants, the continuoesergy
that is characteristiof sonorant nasalsill be absent

2. During the hold phase of denasalized nasal consonants, the aidkal
measurement will be zero or close to zero.

3. The vowe$ immediately following denasalized nasals will have zero or much
lower nasality thathosefollowing sonorant nasals.

4. Native speakers of Korean will not do well in discriminating sonorant and
denasalized nasals while native speakers of English may hé#eeolit no

problem.

More specific hypothes were formulated for each of the individual experiments and

are introduced below.
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Chapter 2

Review of Literature

This chapter provides background information in three parts: part one reviews the
phonetics of Korean, part two the phonology of Korean, and part three contains a
general review of literature on nasality and an exhaustive review of the few previous

studiesof nasals and denasalization in Korean.

Part One. Phonetics of Korean

There are twamainstreamaccounts of Korean phonetics: Hyun Bok Lee (1993) and
Ho Young Lee (1996). The former describ&orean with a traditional and
conservativeapproachwhilst the lattertakes a more contemporary and progressive
approachyreflecing moden day Korean used by younger generations more than the
former. The main difference is that Lee (1993) distinguishes longhaod vowels and
provides minimal pairswhile Lee (1996) claims that thidength contrastis
disappearing in modern Korean, especiallytie speech of the youthAnother
difference is that Lee (1993) categorizes /j/ and /w/ as part of diphthongs wheeeas L
(1996) includes them in the consonant phoneme system asveemis. A further
difference is, in Lee (1993), /@/ is categorized as a monophthong while it is completely
dropped and replaced with a diphthong /we/ in Lee (1996), which Lee (1993) also does
acknowl edge as happening i n Seoul speal

considered to describe current Korean speech more accurately, it has been selected as
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the basis for the account of the phonetics and phonology of Korean in this thesis. The

transcription system and examples also have been adopted from the same source.

2.1 Consonants
There are 22 consonant phonemes in modern Korean as shown ir2 Talthereis a

threeway contrast among bilabial, alveolar and velar plosives and palatal affricates,
two types of alveolar fricative one glottal fricative, three nasals, one liquid, and three

semivowels.

Voiceless glottal fricative /his produced with only dittle i g | o fridtian,] ©
andwith no constriction or narrowing of the vocal tract, except when followed by /i, o,

u/ where there is strorigcal friction in the oral cavity. /h/ does not occur in wdnaal

positions, and [/ A&l -inilabpestions.ot occur in the
Place Dental/
Manner Bilabials Alveolar Palatal Velar  Glottal
Unaspirated Lenis p t k
Plosive  Unaspirated Fortis P t k™
Aspirated Fortis p "Q t "Q k "Q

Unaspirated Lenis

t O
Affricate  ynaspirated Fortis t~0
Aspirated Fortis t o

L Unaspirated Lenis S

Fricative _ . i} h
Unaspirated Fortis S
Nasal m n /E
Liquid I
Semivowel w ] Q
Plosive pul;pul ; p "Q fire; horn; grass
kal; Ka |l ; k "Q togrind; to lay (a mat); knife

Affricate t "'Oa dad a ;t "C to sleep; to squeeze; to kick
Fricative sada; sada; hada  to buy; to pack (a suitcase); to do

Nasal sam; s a n ; three; mountain; prize
Liquid sal flesh
Semivowel | a &£; wa /& sheep; king

Wi ; "Qi d 'Aa stomach; chairman

Table 21: Phonemes in Korean and examples
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2.2 Vowels

Monophthongs

There are eighmonophthongs/i, u, 0,A e, U, a, 'Q/, in Korean however, yung
nativeSeall speakers do not discriminate /e/ anf thus, for them there are only

seven vowel phonemedere are some minimal pairs of Korean monophthongs:

ki 0Qm; kkouco®p C oil; cloud(s); pus; fertilizer
seda; sU0da to count; to leak
kam; kQm persimmon; gold

In careful or conscious speech, vowel length has a distinctive function in

Korean and minimal pairs with a difference oniythe vowel e ngt h can be f ¢

pam; pa’Em chestnut; night
saOwa; s a  apology; apple

In most cases, a long vowel appears in the first syllable of a word, however, in
some compound words, it appears in the first syllable of the second elentaet of

compound word.

kadAAZL ba Ed@mEhA/ home visiting; world war

Vowel length in Korean is derived from the high tone of ancient Korean,
however, distinctive use of vowel length is disappearing among young speakers of the

Seoul dialect.

Diphthongs

There are generally said to be 12 diphthongs in Korean imgptiaree types of semi
vowels /j/-types: /ja, A jo, ju, je, [V; /w/-types: Wa, WA we, W, wi/; ['Q-type: TQ/
(/wel and /wi/ are somaties pronounced as monophthongjsaind [y]).
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The treatment of these sequences as diphthongs is based on the orthography of
Korean. The approximants can alternatively be considered as consamatis

phonology of KoreanSomeexamples ananinimal pars involving these diphthongs

are:
j aE;, jj o DL | u Aheep; zero; djagon; cotton flanngads; this child
w a /EAn; wenson; W; wi king; wish; left handwhy; up
"Qsa doctor

2.3 Allophonic rules in Korean

The following are someajorallophonic ruleof Korean:

A Plosives are not released when followed by another homorganic obstruent
or in wordfinal positions

A Plosives get an inaudible release when followed dnother non
homorganic obstruent except /h/;

A When a plosive is preceded by a homorganic nasal, the oral obstruction is
maintained, and the sound is produced with a nasal approach.

A Ip, t, k/ become [b, d) ] bet ween voiced sounds
unit, and they can optionally become fricatives between vowels.

A Ip, p, p "Q/ become neutr al ianckulreleased §sp ]

[p ] in word-final positions or before a bilabial plosive;

A lpp, pQ become neutralized to [p]

release as [p] before a nbilmorganic obstruent except.

Al l ophones of Korean nasals [/ m,

As nasals form the subject of this thesis, a little more detail is given of allopbbnes

nasalsas usually recognisgdccording to Lee (1995)
1. Voiced bilabial nasdm/ becomes:

A palatalized to [} before /i, j, 1ore ra
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A labialized to [nf{] before rounded vowels /u, o, we/ and /w/

labiakpalatalized to [m ] before /wi/ andj/

v I

A Im/+/h/ becomes [fh or /h/ gets elidedi.e. the outcome is nasal with

breathy voice oa nasal wittbreathy offglide
2. Voiced alveolar nasal /n/ becomes:

A palatalized to [f/['Qbefore /i, j, ’[‘Ot"é t'aR

A labialized to [f] before rounded vowels /o, we/ and /w/
A labialpalatalized [ﬁ]/["ﬂ] before /wi/ andj/

A elsewhere: [n]

A

| £l +/ h/ becomes [nQ when /h/ is weak
3. Voiced velar nasal | Al becomes:

A pal at allibefoeedi, j, O60) tIE

A | abi al Ibeéork rotnded yoxiels /u, o, we/ and

A labiatp a | at aflbéefaredvd/ ardjfE

A el sewhere: [ A

A | £ +/ hl becomes [ &£Q when /h/ is weak

Part Two. Phonology of Korean

In this sectionthe phonology of the Korean languagereviewed, following mainly
Korean Phoneticby Lee, H. Y. (1996).

2.4 Syllable and syllabification

In Korean a syllable is a unit of sounshich consists of one vowel and zero or more
consonants. Through establishing the syllable units, one can explain the phonotactic
constraints, phonological rules, and the tone are$stpatterns of a language. Here is

an example of syllabification:

[ko.dZa /E]

! Labialpalatalization of nasals is due to /wi/ (together with /i/, not just /w/ alone), which is
sometimes pronounced a8j and sometimes [g]lorf}da SS | f 42 WS5ALKGK2Yy3IaQ 2y
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There are twandications thathe word has to be syllabified this way. One is
that there can be a pause betwgdnand [d’A and the other is that a round vowel
labializesthe consonants within the same syllable, ppjdabializes[k] but not[d’A
thus the syllable must be divided befgaté.

Syllable structure of Korean

Korean syllables are composed of onset, nucleus, and coda. The nucleus can stand
alone and form ayllable but onset and coda are optianBhus, the syllable structure

of Korean can be expressed as below:
(Onset) Nucleus (Coda)

The nucleus contains only one vowel. Traditionally, seowels used to be
considered to belong to the nucleus. Howevet, oy because they appear in
consonant positions, but also because they daffexttthe syllable weight in Korean,
it is more reasonable to consider them as onset.t{jsof analysis meartbat there

can be up to two consonants in the ohsgthe £cond one must be a sewawel.
Based on this, 6 types of syllable structure can be set up:
1. Vowels:[i, 0, A o, U]
2. C+V:[s0,@nA k™ Qi pywyhg, | e, |
3. C+C+V:[kje, kwa, mjo, pp pQ o, hj o, hwa ]

4. V+C:[al,il, un,Qn, ip]
5. C+V+C: [sal,pap, kuk, nal, tam,’® £® £, KKQbak] t
6. C+C+V+C:[NAE, Kk wiapik , Kpvja A]

The template of the syllable structure of Korean is tBygsVCo*
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2.5 Phonological environments for Korean nasals

The combination ofphonotactic constraints and certain obligatory assimilation
procesesmeans that Korean nasals can appear in the following environ(hbmsg,
2002)

1. Between vowels: VNV

2. Between a vowel and a consonant: VN.CY(CPlosives, Fricatives,
Nasals)

3. Word-initially followed by a vowel: #NV
| Annot be syllabknitial
/m/ cannot be followed b¥/ in the wordinitial position
/n/ cannot be followed b¥i/ or /j/ word-initially

4. VC.N is not allowed unless C is nasal as well.

V + obstruent + Nis not allowed. The obstent is assimilated to the

nasal.
V +/l/ + Im/is allowed.

V + /Il + In/is not allowed: Assimilation produay two liquids or two

nasals isiecessary.

V + N + N is allowed.

2.6 Stressin Korean

Opinions are divided as to whether Koreal
There are certainly clear prominences to be heard in utterances as short as two

syllables; some assume that these prominences are the realization of stress, and

proceed to delta rules for the location of stresses in words. Others deny that there is

anywordl ev e | stress in Korean. Among t hese,
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which characterises prosodic prominence in Korean as resulting from phrasal tonal
patterns, has le®@ most widely accepted for dealing with the matter.

Early documents on middle Korean such as Hunmin Cheongeum (Sejong,
1443) show that the language formerly had a distinctive tonal system. Tone contrasts
were marked in the writing system by dotstheleft side of a syllable: two dots (Rise
i from Low to High), one dot (High) and none (Low). These digappear from
literature bythe 17" centuryandthe Rise tonevas replaced by vowel lengtthough
South Eastern regional dialects still have this tonal quality in their speech (see Cha,
2001 fora review. Gim (1937), although he believed that there is no word stress, only
sentence stress, wrote that the stress agrees with the length oigténvidorean
(1937: 111).

The account of stress in the current chapter is based on Lee (1996), which
presents the view that Korean is a fixed stress language and there are certain rules that
govern the assignment of stress. Lee was selected as a bésesdeneral background
account of Korean phonetics and phonology required here since it gives the most
comprehensive review of Korean phonetics based on current colloquial speech; for
example, the loss of long vowels in young Seoul Korean speakerd doseimented
in his account.

However, the category of stress as such is not crucial to the present
investigation, and syllables described as stressed might alternatively be characterised
as Ainitial i n an-l avedé¢ n tdwanlacnjmdseacsiodes o c ulm i
explore (in Chapter 4), to a certain extent, claims of a possible link between
denasalization in Korean and domdnitial strengthening (Cho & Keating, 2000) in
the Iight of Junds Accentual Hbsrntases stoha o
following account is more for pragmatic convenience in giving an overview of Korean
phonetics rather than reflecting the autl

previous researchers.

Stress and Accents in Korean

Although Korean isa fixed stress langage and stress does not have a
distinctive functionin simple wordsthere are compound words and phrases which
differ in meaning depending on the presence or the location of dtrdbss case, the

stress hasf wamctiiacrce.nt ual
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a. “al | "~ mot "Qad a tobe not skilful
@Al mot 'Qada to make a mistake
b. "ald Qn| 7 namd Aaldman andl diddeoman

"'l Qn  namd Aa w alfl mgn And Waman (age unknown)

Also, dressin Koreanhas a #fAr hythmic functi on

0 Vv

group there is one stressed syllable and zero or more unstressed syllables, and the

intonation pattern for the whole word group depends on the location of the stressed

syllable.

Stress assignment ad of Korean

In the syllable structure of Korean, nucleus and the coda form a rhyme. When a rhyme

consists obnly one short vowel, it is calleddightd s y IWhen la Fheme contains
one long vowel or any one vowel plus a coda (closed syllabls)c al | ed a

syllable.

1. The first syllable of a word is stressed;
monosyl |l abic w@r ds: 7 s anountaifi; kvar/puse t

twosyl | abl e Twor®m s a” h ak kschool; person
threesy | | abl e “wHDDA;sL:0GK h a k student IDjfrog
fourrs y | | abl éaldwarAd si"a;@ap t w toturn red:; to follow

2. If the first syllable of a word made up of three or more syllabléghs, then the

stress could be shifted to the second syltable
threesyllable words:t'@d o @ kuo u 0 i ; car; frog

foursyl | abl e @W@muas :"ke™ s o bdautiful; highway

6he
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3. Two or more stresses can be assigned to a compound word according to the

number of morphemes;
s @ EUEARA ; joWAKt@) | ARALE O worl d war; teacher
"kuEnOPAT Ky A'En 0 u wA National Korean Language Research Centre

4. Auxiliary wordsd particles, bound nouns, and auxiliary vérkere not stressed.

Accent assignment rules of Korean

1. When compound words with more than two stresses are spoken in a slow and
carefulmanner, all stresses are phonetically realized. However, in fast and casual
speech, two or more morphemes in the compound word are grouped together and

the first syllable of that word group is stressed.
Slow Fast
'SOFEUVURAUVEdARN “"se E0HMULAdOddA world war
“kjowAn “ah | ARA D 7 k jAudied | ARAE O teacheroés licer
KuEnOPAT KAENn O uUWkENARYi p” ku 0 Aj Nafonal KoreAm
Language Research Centre

2. The same also applies at the phrasal level, that is, when two plaases
combired into the same word groupéonnected speech, the second phrase loses

its stress and only the first phrase is accented.
"hakKjoesy ATing | ~ kt@|Ab u fat school| hard| studied|

“hakKjoesy A'Tinc k o Abimalh studed hard at school (subject omitted)

2.7 Phonotactic constraints of Korean

Certainphonotactic constraints and sandhi (wbalndary) processes are given here
because they are relevant to understanding the structures and sequences used in the

data.
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[ERN

.| And /I cannot occur worthitially, except for some loan words which start
with an /I/: [Gadio] radio; famjAn] ramyon noodles;q AaJdRussia
2. The mset can have up to two consonants in which case the second one must be
a semivowel.
3. Wordinitially, abilabial consonant cannot be followed 16¥./
4. [jl cannot be followed by either /i/ o/, /w/ cannot be followed by /u, @, "Q
and /QY can only be followed by /i/.
5. /n/ cannot be followed by /i/ or /j/ wonaitially, except fora limited number of
words:[njamnjam) Adi da] t &Q]mewsack [nj us

6. In any sequence of obstruent+lenis obstruent, the sdxmmuines fortis:

[hak]+[s0E] Y 70 aks student
[kuk ]+ [pap] Y [ak]uk p riceinsoup

7. Obstruent+Nasasequencesare not allowed and the obstruesitreplaced by a
nasal

[hak] + [ mun] Y [ hswudyreaming
[hak]+[njAn] Y Mnh a A& nyear (in school)

8. Obstruent+liquidsequenceare not #owed and both are replaced by nasals
[pok]+[0] paENo] a heron

9. Nasal+liquidsequencesrenot allowed and either both @oe nasals or both

become ligids:
[‘@] +[ca] "®a] [ Shilla
[tal] + [nim] Y rhdora(poktic expression)
[Qmun] + [ n ] ‘QNunifon] phonology
10. Lenis obstruents become foraspiratedcombining with a following /h/:

Pt ktd + [/ hl YR[pQ tQ kQ ¢t
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[pAp]+[hak]  YAp [Qd K

Part Three. Nasality

2.8 Nasality and the Velum

Nasality, and its control byelic action,are well established coapts in descriptive
phonetics, and the general phongtassibilities for nasals have been reasonably well
understoodn the Westsince the mid seventeenth century (Kemp 198h)s section
provides overall accounts of the velum and nasality in general mainly based on Laver

(1994). Other references are citedag@propriate.

The velum

The velum, also called the soft palate, is the soft fleshygpdhte back of the roof of

the oral caity past the hard and bony part, the hard palate. Aetigef the rear part

of the velum the tiny hanginglown tip, which is visible through the open mouth, is
called the uvula. Unlike other passive articulators which are immobile, the velum can
be moved up and down, creating an alternative passage for the pulmonic egressive
airstream, in with sense it is also considered as an active articulator (Abercrombie,
1967: p. 43).

Understanding this upand downward movement of the velum may be better
achieved by understanding tbhenfiguration and functionsf the structuresnvolved
(see also Fyure 21). Here is an anatomical description given by Romanes (1986):

iThe soft p al a tutar flapswhieh exteinds yasteimfezigrly mu s ¢

from the posterior edge of the hard palate into the pharyngeal cavity. It is also

attached to the lateraballs of the pharynx, and has the uvula hanging down

from the middle of its free posterior border, which is continuous with the
palatopharyngeal arch on each side. The soft palate is a flap valve which, when

raised and drawn posteriorly against the pastgrharyngeal wall, shuts off the

nasal part of the pharynx. This permitseéc

the nose, and swallowing without regurgit
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(p. 144).

In other words, the basic biological functions of the soft palate depend on just
two settings: open and shut. If speech did turn out to involve carefully controlled

degrees of opening, it woutdpresent considerable gpialization of control.

When thre velum is raised during speech production, the airstream can flow out
of the vocal tract only through the mouth; speech sounds produced this way are called
oral. However, when it is lowered and the air escapes through the nose, nasal or
nasalized soundse@produced. It is said that there is a velic closure when the velum is
shut, and a velic opening when it is open. If the air flows through the velic opening
only and not through the oral cavity, then a nasal stop is produced; a nasal 'stop' in the
sense hat the airflow is completely blocked in the mouth like it is for oral stops,
although some are not in favour of this term, pointing out the continuous airflow
through the nasal cavity whereas the word 'stop' has the connotation of a complete halt
to it (Ladefoged and Maddieson, 1996). Unlike an oral stop, a nasal stop has a
continuous flow of air into the atmosphere; the waral air pressure during the hold
phase does not build up enough to give a nasal an obstruent quality. In this sense,
nasals are miilar to approximants rather than stops and are classified as sonorant
(Ashby and Maidment, 2005; p. 55).

Nasality as a Distinctive Feature

Phonological classification of sounds in terms of nasality may lead one to think that
there are only two velic @ition values, [+nasal] orriasal]; however, physiological
conditions of the velopharyngeal mechanism system required for providing or
preventing coupling of the oral and nasal cavities effectively may involve more than
just two distinctivepositionsof the velum. BeHlBerti (1993) cites a few studies that
suggest various velum height values depending on the type of a segment: lowest for
nasal consonants and the second lowest for nasal vowels; higher for high vowels than

low ones; and higher for obstruerinsonants than high vowels (p. 64).
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Velopharyngeal settings

Laver (1994) categorizes velopharyngeal settings into three; neutral, nasal, and denasal.
A Oneutral o setting refers to when the v
phonologically oralee made as or al as the physi ol
applies to different degrees of nasality

perceived nasality than would otherwise be expected (see below).

Voicing

Normally nasals are produced with vibration of vocal folds, howeeene SoutHEast

Asian languagesBurmese for example, have been reported to have phonemically
contrasting nasals made with the glottis open, resulting in voiceless nasals (Ladefoged
and Maddieson, 1996). Voiceless nasals are transcribed with a diacritic, a small circle

underneath or over a segment agwhor [4

2.9 Nasals and Nasalized Consonants

Conventionally, Onasalsd6 refers to nasal
way as their oral stop counterparts with only diffeeein the position of the velum.

They are articulated with a complete obstruction of the air in the oral cavity but with it
continuously flowing through the nasal cavity via the velic opening. Becaasairth

keeps flowing out of the vocal tract through the nose during the medial phase of a
nasal consonant, the irtomal air pressure does not rigeit does during an oral stop
articulation. For this reason, nasals fall under sonorants, not obstruents. Consonants
ot her than stops produced with a velic o

vowel s produced the same way Onasalized®

Nasds are made at various places of articulation and at least two or three nasals,
four in some, can be found in most languages in the world; for example, English has
three bilabial, alveolar, and veldrand French foudr bilabial, dental, palatal, and
velar (Laser, 1994; Ashby and Maidment, 2005).
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There are two main elements involved in nasal stop articulation: oral occlusion
and lowering of the velum. If these two conditions are matched in terms of the onset,
duration, and the offset, then the velum keepspisn position throughout the medial
phase of a nasal. However, a mismatch of the two can occur in which case four
possibilities of 6compl e xaise depdnding ars thd st

duration of the oral/nasal components as shown in Fig@rg2ver, 1994; p. 228).

medial phase

velic state s impl
=simplex
(a) oral closure oral stop
velic state  ___| o
>'"‘ =simplex
(b) oral closure -~ nasal stop
velic state
-~ > ——+-- =complex pre-nasal
(c) oral closure oral stop
velice sate < -
=complex post-nasal
(d) oral closure -- oral stop
velic state ____:> ... =complex pre-occluded
(e) oral closure _ hasal stop
velic state |
e S e B =complex post-occluded
(f) oral closure f -- hasal stop
— = closed state
<> = openstate

Figure 22: The timing relationships of oral closure and velic state during the production of (a) a simplex
oral stop; (b) a simplex nasal stop; (c) a complexna®al oral stop; (d) a complex pastsal oral stop;
(e) a complex preccluded nasal stop; and (f) angplex postoccluded nadastop (adapted from Laver,

1994 p. 228)
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2.10 The Velum and Prosody

The position of the velum during articulation of a speech sbasdeen reported to be
affected by the stress of a syllable: the velic position is lower for a nasal consonant in a
stressed syllable than in an unstressed syllable; however, it is higher for an oral
consonant or an oral vowel in a stressed syllable than in an unstresseld;satiab
higher for a nasal consonant in a syllailigial position than in a syllablénal
position (BeltBerti, 1993).

More recent studies have, however, found that the hierarchy of the domain that
a domaininitial nasal consonant is in affects thedteiof the velum; the velum is in
the higher position for a nasal consonant in the initial position of a higher prosodic
domain than a lower one (Fougeron and Keating, 1997; Cho and Jun, 2000; Cho and
Keating, 2001). Cho and Jun (2000) explain this asvidl

ééwhat is strerdAghtthenddy dommadcnonsonant al i
enhancing the syntagmatic contrast with the following vowel. For example, articulatorily,
consonants become more consofidet domaininitially by way of more extreme ral

constriction. éé (p. 2).

2.11 Acoustics of Nasals

Damping

Nasal sounds are more damped than oral sounds becauserabar offactors: first,

the soft walls 6the nasal cavity which absosmwicing energy much more than the
harder walls of the oral cavity; second, the nasal cavity has a larger area and volume
than the oral cavityeading to more damping lossehird, there are side chambers
(sinuseywithin the nasal cavity,ral further energy it in them(Johnson, 2003).

Damping during the hold phas# nasal consonanyzroduces a characteristic
acoustic form showingveak formant structures in the high frequency regions and
stronger energy levels in the ldwequency regions. At the releasé the oral

constriction, however, the amplitudes of the fortsasharply increase as the oral
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cavity, which damps the signals much less than the nasal cheitpmes the main

resonator agai(Clark, Yallop, and Fletcher, 2007).

Formants and\nti-Formants

There are three tubes involved in production of nasal consonants: the pharynx, the
nasal cavity, and the oral cavity. The pharynx and the nasal cavity are linked at the
velopharyngeal port to form one main resonator, while the oral cavidledséy an
occlusion at one point, functions as a side chamber. These conditions contribute to the
spectral characteristics of nasal murmurs: the prominent F1 in the low frequency
regions and low energy peaks in the higher frequency regions above 70@&ké&tt(P
1980). The formants of nasals appear as peaks on the spectrum around the following
frequency regions in general: 250Hz, 1,000Hz, 2,000Hz, and 3,000Hz (Clark, Yallop,
& Fletcher, 2007).

The oral cavity plays the key role in reduced nasal enerdg2imndhigher
frequency regions. During the hold phase of a nasal consonant, the signals from the
glottis close to the resonant frequency of the oral cavity resonate in it, but because the
oral cavity is blocked by an obstruction, those frequency compooéthe signals are
absorbed in it. These r erseosnoannatn cfercse, goa efimasnit

or Azeroso (Johnson, 2003).

Anti-formants on the spectrum appear as valleys and all peaks above those anti
formants display reduced amplituddshnson (2003) cites Fujimura as explaining that
this effect is not universal to all afftrmants but it depends on a side cavity that
causes the #fAsepar aformamsdp. 1Ib%5), which resustsnirt highea n d
level of energy on the low emaf the spectrum of nasals. Wider bandwidth (heavier
damping) of nasals also contributes to the reduction of their formant energy levels and

thus the spectrograms of nasals are lighter than those of adjacent oral vowels.

Under some conditionsgantiHformarts can appear asveakening of specific
harmonicson spectrogams, but commonly themay notreadily be seeat all, asthe
degree of energy absorbed in tbeal cavity variesdepending on the size of the

velopharyngeal apertuf&eong, 1996
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The frequencies of antormants can be used as cues for places of articulation
for nasals as they differ by the length of the resonating body, the oral cavity: lower
anti-formant for a bilabial nasal than an alveolar one because the oral cavity is longer
because of the place of articulation (Johnson, 2003). Fujimura (1962) suggests the
following values for anti-formant frequencies of three intervocalic English nasal
consonants: 750Hz and 1,200Hz for [m]; 1,400Hz and 2,200Hz for [n]; and above
3,000Hz for [E] . -fokmants AF2 and AF3 of the bilabial nasal and AF3 and AF4 of
the alveolar nasal appear as a cluster. In a vocal tract of a length such that the oral
cavity is 8cm, the anfiormants of each nasal consonant is as follows: 1,000Hz for
[m]; 1,700Hzf or [ n] ; and 3,000Hz for [ A& . Anot
nasal consonants is the direction of the F2 transition; it goes toward the lower
frequency for bilabial and goes towards higher frequency for velar, there is no or very
little transiion for alveolar.The portion of the signgust before the release of the oral
occlusion of a nasal consonaand aroundthe start of the transitiorare the most

prominent perceptual cues for place of articulation (Kurowski & Blumstein, 1993).

A few studies had dealt with Korean nasals before Kim and Ashby (2006), for
example, Seong (1996; 2000) and Hwang (MA thesis, 2002) all of which looked at
nasals in medial position. According to Hwang, it is not possible to acoustically
characterize wordhitial Korean nasals because they are partly devoiced and their
spectrograms do not show enough energy (p. 5). Seong (1996) did not look at word

initial nasals or denasalization but gave acoustic accounts for intervocalic nasals in

Korean usindama], [ana], andd Aa | . Hi s -omnmgngfeegueneias ofdhede i
nasals are: 490~900Hz, 2,900~3,400Hz, and above 3,800Hz for [m]; 580~1,050Hz and
2,850~6,100Hz for [n]; and above 2, 850Hz

2.12 Aerodynamics of Nasals

The Velum and the Nasal Airflow

The velum functions as a valve between the pharynx and the nasal cavity, letting the
air from the lungglow into the nasal cavity or preventing it from doing so. When this
valve is open and the air flows through the nasal cavity, nasal sounds are produced

when it is shut, oral sounds are produced.
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The amount of airflow in the nasal cavity iscansequencef velic function
andan individualc an be <c¢linically <c¢classified as |
have an excessi ve a theydnriot have enéulghy rakowaasda | i t
Huffman (1993)point out thatnasal airflowwith vary according to the overall flow

throughthe whole vocal tract and the amount of airflow in the oral cavity

An experimental study by Warren, Dalston, and Mayo (1$88yides some
important conclusions regarding the relationship between the nasality and the velic
functions. First, the velic opening must be larger than 02fena speech sound to be
perceived as nasal, if smaller than that, the sound wmeildonsideed as hyponasal
(p. 139). Even if the velic function is normal, however, the nasal cavity can be blocked
in sucha way that the air does not resonate in it propérlyvhich case the supposed
nasal segment does not sowuficiently nasal. Sdboth velopharyngealadjustment
and patency ofhe nasal cavity itseliffectthe perception of nasality of a sounp(
119120). Secondthe duration of velic openingan affectthe perceivednasality of a
speech sound more than thetent of the openindp. 143).Also, which part of the
nasal cavity is blocked may hagensequences foine degree of nasality: while frontal
blockage would reduce the nasality, if the rear part of the nasal cavity is blocked, there

would be no nasal resonance at all (pp.-143).

Observation of velum activity

As velum movement is directly related to the nasality of speech sounds, researchers
have used various methods to observe its activities both directly and indirectly. Often
special equipment is involved, some relatively easy to obtain and set up, whike othe
are both costly and complex to use. Methods need to be carefully selected according to
the characteristics and the purpose of research or diagnoses.

There are various direct and indirect assessment tools for the velopharyngeal
function (for a reviewsee Baken, 2000). Indirect methods include acoustic measures
and airflow/pressure measures. Both acoustic and airflow/pressure measures are
generally nornvasive, allowing the subject to produce speech as they would normally
do, although some techniquesynbe more complicated and even involve equipment
that needs to be in contact with the sub]
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Some of the acoustic measurement tools and methods that have been tried
include: determinations of vocal tract damping, an -aretnasal sound pressi
system (so called fANasometer o), spectr al
recordings, especially AP1 (relative amplitude of the first formant and first nasal
pole), and accelerometry on the exterior of the nose.

Different airflow/pressure measement tools and methods include: a nasal
airflow measurement system using a nasal mask, volume measures, and oral breath
pressure ratio.

Direct methods normally require complex and expensive equipment some of
which is invasive as they involve inseriof the equipment into the nares or deep into
the oral tract near the velopharyngeal opening. Some of these tools are (see Table 2.2);
electromyography (highly invasive),-pay, X-ray microbeam, and endoscopy (rigid

and flexible). None of these direct rhetls were available for the present study.
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Method Notes

Highly invasive; painful (needle
Electromyography electrodes); often disruptive of normal
speech behaviours

X-ray (often combined Significant health risk associated with
with cinefluoroscopy, prolonged exposure to ionizing
videofluoroscopy, or radiation; lack standardizatia
computed tomography)  technique, of procedure, and of
interpretation that limits clinical utility

Invasive
X-ray microbeam Difficult to attach pellets to the velum;
the pellet placement triggers a strong
gag reflex; tremendously expensive
Endoscopy (often Rigid Endoscopy (oral insertioii)a
combined withmulti-view gag is caused by tle@ntact of the
video fluoroscopy and instrument to the vocal tract; Flexible
other aerodynamic Nasendoscopy (nasal insertianmnore
measures) invasive than oral insertion and can
cause great anxiety to the patient
No discomfort for thgatient; minimal
Ultrasonography health hazard; rapid data collection;
portable; not costly compared to other
imaging devices
Non- . ,
Invasive Magnetlc Resonance Not many studies h_ay_e been done gn
Imaging (MRI) velopharyngeal activities using MRI;

Producing one image can take severa
seconds to several minutes; pisimg
for monitoring velopharyngeal
behaviour

Table 2.2: Comparison of direct methods for assessment of velopharyngeal activities (adapted from
Baken, 2000).
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2.13 Denasalization

When a nasal consonant is produced without the nasality needed for it to be
contrastively distinguished as a nasal, it is said that the nasal is denasalizeday his

occur as a result of a blockage or through less than usual opening of the
velopharyngeabport, leading to reduced nasal airfloand reducechasal resonance
According to Laver (198035 positive airflow in the nasal cavity does not have to be a
mandatory requirement for a sound to be perceived as nasal because the nasal cavity
could be vibratd without any air flowing int (p. 88). It seems then th#te denasal
guality depends onlLaherl (4086d¢rsayper édap

only exist in relation to |istenersoé exp:

Denasalizatiorn languages of the world

Acehnese, an Indonesian language of northwest Sumatra, is an example of a language

with denasalized nasal s. Lawler (1977) di

€ééThese | atter are nasal conspatawths pr o
significantly reduced airflow, probably produced by partial closure of the velum; they
are O6slightly longerd than ordinary nasal
vowels in their environment as do the plain nasals. They appear tdléeseof
certain nasal+voiced stop clusters in Pyoionesian, but no longer do they consist of
a prenasalized stop. They are extremely difficult to produce and detect. Stress is on the
last syllable, and normal delivery is at an extremely high raspeéd, with copious
fast speech rules operating; | have not even attempted to represent these. As should be

evident, the phonology of this language would repay some study.

Another Indonesian language, Gayo, as documented by Eades and Hajek
(2006), alsoas denasalized nasal s. The -nasalt hor s

nasal s0 compared to finas aklnasa aassasinselongem nd r

exi st in young peopleds speech and are
They also notetha frma s a | nasal so in Gayo are phon
while the Afunny nasalso in Acehnese as

plain nasals.
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Ladefoged & Maddieson (1996) <cal/l t hi s
claiming that the characteristics of these nasals are derived from the exact timing of
onset of velum lowering and oral closure and velum raising and oral release, in
addition to the lesser degree of the velic opening than that of nasal nasals, as an effort
to prewent the nasality from spreading to the following vowel (p. 106). This
consequently lengthens the duration of their hold phase longer than that of normal
nasals they predict, which i s in accords
nasalsin questioas 6 s | i @than brginaty nasats above.

A similar account of this type of phenomenon is given by Ohala (1997) in
which the or al portion of the segment i s
early velic closure results in an appearanfca stop so it can prevent a couplingtioé
nasal cavity for the following oral vowel. This, therefore, is more likely to occur if the
adjacent vowel is distinctively oral or has low F1 and/or F2. This is where Ohala
(1997) agrees with Chen and ClumecR{®) that the Korean nasals in wenitial
positions followed by a high vowel create an intrusive stop due to the nature of the
high vowel requiring the -sedbpmedonasgaleso
4):

éc. Kor ean"ul]wateru IChen and Clumeck, 1975)
(cited in Ohala (1997)).

Nasals in some Chinese dialects are reportedly in the process of denasalization.
In a report of an experiment with four dialects, Hu (2007) concludes that
denasalization in southern Min has advanced to the etttahits postoralized nasal
consonarg are largely ora] whereas in other three dialects, Shanxi, Cantonese and

Hakka, nasality persists until the oral release begins.

Another language with denasalized nasals is Karitiana, a Tupi language in
Brazil. Demolin (2007) cites Storto (1999) and Sta@mal Demolin 2005 as reporting
that the nasals in this language are realized as voiced stopsmwuaity. There are no
voiced stops in the phonemic inventory of this language and the nasals become voiced
stops in the wordhitial position They remairnvoiced, even though the language has a
general initialdevoicing rule The authors also note that they detected traces of nasality

before the or al portion of t he segment
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manoeuvre to facilitate voicing in the initialt o(p 874. As will be seen, there are
some striking parallels between the situation reported for Karitiana and the one

reported in this study for Korean.

Previous studies on Denasalization in Korean

Despite an extensive literature search, very few previous mentions of denasalization in
Korean have been identified: Martin (1951), Chen and Clumeck (1975), Ohala and
Ohala (1993),and Ohala (1997).Martin (1951) describes postalized nasals in

Korean adollows:

In the environments /mw, mu, mo/, the nasal component sometimes ends slightly
before the lip closure is replaced by lip rounding, resulting in a momentary voiced
stop: [nf]. Since this stop is in free variation with zero in a limited environnibat,

fourth criterion of 1.1 is applicable: finand [m] are free variants of /m/ before /w, u,

o/ éé. I n a similar way, t he’ beftrom dante  / n /

vowel éé (p. 523)

It should be noted that a specific environment is given herecasdition for
occurrence of this different type of nasals: 1) before /w, u, o/ for /m/; 2) before a front
vowel for [/ n/. It is presumed that this

and perceptual judignents as there is no mentioraafexpetinent.

Chen and Clumeck (197ayeperhaps the first to call what hapgen Korean
nasal s Afdenasalization. 06 They <carried o
informant from Seoul, who had been living in the US for about six months. The
informant reada list of 15 words and another list of 30 words with wimitlal /m/ and
In/ followed by all vowels allowed after these nasals in Korean. Then the authors,
native speakers of English and trained phoneticians, listened to the words repeated five
or six times by the informant to mark them for nasality. Following are their

conclusions after their observation:

1. Korean wordinitial nasals are perceived differently depending on the
height of the following vowels: the higher the following vowel, the

more denasaled the nasal is perceived;
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2. In/ tends to be perceived as amesal much less than /m/;

3. If there are historical consequences of articulatory correlation between
vowel height and nasalization, it takes the order of high>mid>low
vowel thatfollows the consondn

4. Denasalization must be much more common among languages in the
world than has been publicized as it is caused by physiological

constraints othe human body.

These appear to be ambitious conclusions in the light of the very small scope of
their work,based on one speaker and impressionistic judgments of 45 words spoken in
isolation.

While Martin (1951) limitshe environment for denasalized /m/ to before /w, u,

o/, Chen and Clumeck conclude that this happens before any vowel with a difference
in the degree of nasalization of the nasal consonant depending on which vowel it is

followed by. They agree, however, that /n/ is less denasalized than /m/.

After Chen and Clumeck (1975Phala and Ohala (1993, 1997) gave their
account of denasalized Kor ean nasal s as
claiming that the change of the nasality is caused by the neighsegments which
require the velopharyngeal port to shut in oradeemsure their oralityif correct, this
might imply that denasalization should not occur in the neighbourhood of another

nasal (a prediction contradictbg evidence presented here).

Chen and Clumeckods study is i mptortan
looking at denasalization systematically, dealing with all possible envirosfioerthe
nasal consonants in question, however, no further studies had been done since their
report (Ohala and Ohalabdés study ity 1993
focused on Korean nasals) until Kim and Ashby (2006), which investigated the subject
more in depth with different methods and technologies, using connected speech rather
than words in citation forms: auditory judgements, spectrogram seshairflow
measurementsaryngography, and energy level measurements @&iagstic analysis

softwareto aggregate results over large numbers of takens

Yoshida (2008) investigated the degree of denasalization of Korean nasals /m/
and /n/ in different prosodic positn s . He <c¢l ai ms that denasal



46
Chapter 2. Review abfterature

that the nasality does not disappear but only weakens as the tier goes up in the prosodic
hierarchy. Refusing on t HenssaliZateds,i sh & oarcgad
t hat oOnas al s doryelatedetathkeeprosodioghéerarchy, as Cho and Keating
(2001) claimed, being stronger at the initial position of higher level domains compared
with lower level domains. Not every level of domain is claimed to be significantly
different from the adjacerones. Yoshida claims that @ind IPF) are alike, as are

(APi* and WF), with i forming a third category. No strong support for differences

linked to domain types has been found in the present study.

Lee and Kim (2007) reported that anticipatorysadezation is stronger than
carryover nasalization in Korean, and carryover nasalization is stronger when the nasal
is in the wordmedial position than when it is in the waeardtial position. Their
method of measuring the level of nasality was to meaberéength of the vowel that
is nasalized. They claimed that, although carryover nasalization in the vowel following
a wordinitial nasal was lower than that in the vdviellowed by a nasal, the mean
percentage of nasalized portion of the whole duratias W0%, which they insisted

cannot be considered 6denasalizationd.

The results they report are broadly in line with what might be expected if their
data did indeed exhibit denasalization which they failed to recognise. A major criticism
of their study ighat, even though they used an airflow measurement system with oral
and nasal masks, they did not report any actual measurement of the airflow, and, as
with the other previous studies, the number of tokens used was very limited (less than
20foreachof/th and [/ n/ across 3 subjects). Thei
i's stronger than carryover nasali zati on

evidence presented in the present study.

All in all, although the phenomena investigated in thigdgthave not gone
entirely unnoticed up to now, existing studies have been few in number and very
limited in size. Some have also used unsatisfactory methods, and failed to report
quantitative findings in detail. In some cases it seems likely that tharchses must

% Utteranceinitial

? Intonational Phrasénitial
* Accentual Phrasitial

® Word-initial

® Syllableinitial
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have had data in which denasalization was apparent, though they failed to appreciate in

full what they were dealing with.
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Chapter 3

Auditory and acoustic characteristics of

denasalized nasals in Korean

3.1 Introduction

Korean nasals /m/ and /n/ in weirdtial position have not been documented much in
the phonetics literature as reviewed in the previous chapter. Not one Korean researcher
has acknowledged the denasalization phenomenon. On the contrary, they have
regardedhese Korean nasals as the same as English nasals or stated that their acoustic
characteristics are impossible to study due to their short duration in theinit@id
position. A few other researchers, none of them native speakers of Korean, have
recognizd the unusual realization of these consonants although no one has so far
provided substantial data or conclusive findings.
Some of the findings from these previous studies claimed that Korean nasals

/m/ and /n/:

A are practically the same as English nag&lim, 1937);

A become [, b] and [, d] before high vowels and sometimes [0] (Jones,

1924);
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A become [ before [w, u, o] and [f} before a front vowel (it is implied
that this happens wonaedially as well in the example provided
[ taninta] 6goes back and fortho);
A are perceived differently depending on the height of the following
vowels: the higher the following vowel, the more denasalized the nasal
is perceied;
A have realizations such that it is ingsible to measure the duration or
observe acoustic characteristics in worttial position owing to the

absence of energy and short duration (Hwang, 2002).

The current experiments aimed to challenge these claims as well as to find out
the reason nativEnglish speakers perceive these nasals as plosives.

If these denasalized nasals are in fact similar to voiced plosives rather than
sonorant nasals, then the spectrograms will also show this: there may not be any
continuant energy flow during the holdgde and plosivelike burstmay be evident
on the release of the consonahiso, the energy level during the hold phase will be
much lower than that of sonorant nasals and close to or same as voiced plosives.

Since these Korean nasals /m/ and /n/ labhg been observed either in citation
forms or within short artificial sentences in previous studies, they were observed in
readings of a summary of a wdihown story and news excerpts in this experiment to
generate as natural a setting as a spontangoescls This is to eliminate the
possibility that the unusual realization is found only in emphatic citation forms.

There is an IPAdiacritic (provided within the extlPA symbol seat) mark

0 d e n,@ansisting of a cancelled tide[] ; i ts Unicode designa

Not Tilde Aboveo, and it is | ocated at
indistinctive, and extremely inconvenient to use in conjunction with the various
software applications used in this study. Instehthughoutthis researcta zero6 0 6
will be added next to the nasal symbol to show that it lacks nagglitgg [m0] and
[nO].

This chapter is structured in two aspects: auditory analyses and acoustic
analyses. The auditory analyses provide description denasalized nasals in
comparison to sonorant nasals and voiced plosives in both places of articulation,

namely, [m0, m, b] and [nO, n, d]. The acoustic analysevide results of the energy
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measurements of the same 6 segments byahdsnel filterbak analysis within SFS
(Speech Filing System).
The following sections are Method, Result 1, Result 2, Discussion and

Conclusion.

3.2 Method

3.2.1 Speakers

A total of 8 (4 male and 4 female) native speakers of Korean from different regions of
SouthKorea were recruite(seealso Table 3.1) 2 from Seoul, 3 from South West, 1
from Central West and 2 from South East. This was to observe nasals in different
accents in order to find out whether denasalization is a feature limited to particular
accents. e participants were aged between 22 and 29 and all had been in the UK for
less than 12 months at the time of recording. No one had any known impairment with

hearing or speaking. Participants were paid a small fee for the recording.

“ncbont Age Gonder o ereeas (mo)
S1 South West 25 M 4
S2 Central West 25 F 11
S3 Seoul 29 M 10
S4 Seoul 22 F 3
S5 South West 25 M 12
S6 South West 27 M 3
S7 South East 23 F 3 wks
S8 South East 23 F 3 wks

Table 3.1: Subjects for acoust&cording$

" Atable of all subjects who participated in all experiments for the current reseapbvaled as
Appendix 4 on p. 1B
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3.2.2 Recording materials

Two texts were used: one of a summary of a-ketiwn novel, which contains a wide
sampl ing of [/ m/ 6-mitiahposition/ and tite ®therr taxt adecon five r d
TV news extracts taken from recordingswhich they had originally been broadcast

by professional news readers.

The texts furnished a total of 60 words to be observed, with 40 bilabial and 20
alveolar nasals in the woiditial position. Some extra words in isolation with initial
nasal consonasitmixed with words with a different initial consonant were added for
four subjects in the second recording session.

The vowels following the target nasals were /i, e, a, & &r bilabial nasals
(bilabial nasal cannot be followed b/ in Korean) ande, a, u, oA for alveolar
nasals because words with an initial alveolar nasal followeddyov /i/ are very
limited. For both /m/ and /n/{¥/was treated as /e/ as they are not distinctive in young
Korean speakersd speechlvavelsaea donaplghongso L e

except for one item with bilabial nasal which is followed &Y. /]

3.2.3 Recording

Simultaneous speech and Laryngograph recordings were made in the anechoic
chamber at the department of Phonetics and Linguistics, Universityg€Ealndon. A
strap with two electrodes was wrapped on
the participant was seated in a chair with a microptadreedistance of about 25cm.
Recordings were made on a digital audio tape, and later transfercea Gt as sound

files to be analysed on SFS/WASP 1.2, SFS version 4.5.

3.2.4 Annotation

The target segments, [m, mO, b] and [n, nO, d] and the vowels immediately following
them, were annotated manually in SFS (Figure 3.1 shows an example). The number of
segments annotated was different across subjects because some parts were repeated by
the sibjects and an extra 15 words in citation were added to each of the subjects 5 to 8.

For auditory analyses, however, exactly 60 denasalized nasals, 40 bilabials and 20
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alveolars, in the same position for each subject were selected for a controlled

comparisn.

350 400 450 500 550 |sun lssu 700 750 200 |esa [soo 550 1000 1050 1100 1150
Tame =)y I b D95 b B e B s e B e o 1S oo oSS o S 0 b o S b U oo 0500 b U oo S o o B 0 R 0o B 0 19T
:\Dissercaticn\innotate 2 =19.7717, stop=2 =

L
p=23.0242, history=resamp (1.01;race=7000, £i1t=IIR)) se.0.

Zswin (£ile=G:\D: Subject Files 1\S6€ Annotated.sfs,item=1.02,start

12384

-13781

3000
2500

2000

1500

5003

! | | 4 i m T
aAn Eswin/AN (type=denasalization 2) = i ] .“ — ] . -
% . 3 "l
k A fig| 3| s A n0 ai g aa
CEER o TP PO v PAVPE i PUTTIPL s FUTTN v EPPTT VRN R EYL icePTRATd i TRRTRTY NPT PYPRRTLki YRYYRL e RERYFRY R YR R RYPLFs FRRVTA i TEVER

Figure 3.1: An example of a section of an annotated speech file orn("S&81 ** aredifferent

realisations of /k/ in intervocalic positions
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3.2.5 Filtering

A filterbank item was added to each recording in SFS using the genafgtam. The
item takes the form of 16 filtezoefficients, determined at & intervals throughout
the recording. Before filtering, the speech was downsampled at 7000 Hz, yiaiding
effective bandwidth of 3508iz. The program genfilt then usdd bandpas filters
linearly spaced between 50 Hz and (F&Q)Hz (where Fs is the sampling frequency).

Theresulting filtersarecentred at:

filter | Hz
1 | 250
2 | 450
3 | 650
4 | 850
5 | 1050
6 | 1250
7 | 1450
8 | 1650
9 | 1850
10 | 2050
11 | 2250
12 | 2450
13 | 2650
14 | 2850
15 | 3050
16 | 3250

The sixteen timevarying coefficients represent the energy level on a decibel
scale as measured in each filter. At any one point in time, the 16 values provide a good

picture of the acoustic spectrum.
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3.3 Results 1: Auditory analyses

The total number of wordhitial nasals accounted for across all 8 participants4vas
which consists of 318 bilabiaknd 157 alveolars (S3 omitted the first 2 bilabials and
S1, S3 and S6 each assimilated one of the alveolars to preceding [I])

From a simple auditory analysig6% of those bilabial nasals were denasalized
and94% of the alveolar nasals were denasaliZables 3 and 33 show the ratio of
denasalized and sonorant nasals over the total of segments observed for individual
subjects. Figure 3.2 shows bilabial nasal /m/ realized as denasalized in theitiadrd
postion and as sonorant in the wemnaedial position ifle mOemil} contrary to what
some previous studies said about wmitlal nasals being hard to acoustically
characterize, the denasalized /m/ shows all of its acoustic features clearly in connected

speeh, tightly connected to the preceding vowel /e/.

Accent Denasal Sonorant Accent Denasal Sonorant
S1 SW 80% 20% S1 SW 95% 5%
S2 Cw 83% 18% S2 Cw 100% 0%
S3  Seoul 82% 18% S3  Seoul 89% 11%
S4  Seoul 80% 20% S4  Seoul 95% 5%
S5 SW 63% 38% S5 SW 95% 5%
S6 SW 88% 13% S6 SW 100% 0%
S7 SE 68% 33% S7 SE 90% 10%
S8 SE 70% 30% S8 SE 85% 15%
All 76% 24% All 94% 6%
Table 32: Auditory analysis results for Table 33: Auditory analysis results for

word-initial /m/. word-initial /n/.

T 7T R FYT- P FET
oo (20 oo BTl EER o B [ B
.01

) WMWMWWWmwwmwmwmwmmwmwmwm

ted Subject Files 1\s-1 story.sfs,item=1.02,stvarc=106.€84,stop=108.97, r=resamp(1.01;rate=7000, £i1t=TIR) sP.01

19848

oI

”‘.».’ 13111
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Figure 3.2: S1 male [e mOembluckwheat (flower)



55
Chapter 3. Auditory and acoustic characteristics of denasalized nasals in Korean

Table 34 shows the ratio of the denasalized segments with a visible burst mark
to the total of the wordhitial nasals judged denasalized.%21of the denasalized
bilabial nasals and286 of the denasalized alveolar nasals hdsuest mark on the
spectrogram. The lbst mark indicates something important as it is not a typical feature
of a nasal though it is of a plosive. It is not impossible that an acoustic transient of
some kind might be caused by a rapid motion of the velum at the release of a nasal but
when, as fre, it is combined with absence of nasal formants and reduced amplitude
during the hold phase, it seems very likely that the velum is not fully open and that the
burst results from a value of intcaal pressure higher than would be the case with a

sonorat nasal.

mO n0

S1 34% 78%
S2 45% 70%
S3 6% 29%
S4 34% 79%
S5 32% 63%
S6 3% 63%
S7 4% 83%
S8 7% 29%
All 21% 62%

Table3.4: Proportionof denasalized nasals with a burst mark

Figure 3.3 is an example ofdenasalized alveolar nasal and a voiced alveolar
plosive adjacent to each other, showing considerable resemblance: the amplitudes of
the waveforms for each segment are the same size; there is absence of typical nasal
formants, and a burst mark is showndrefthe onset of the following vowel. A clese
up of the two syllables is shown in Figure-a&3 According to the {
nasal+nasal} assimilation rule in Korean, the segment preceding [n0O] ought to have
surfaced as a Vv e lanaeoftha same phrhsé&iecorded yottie lsaene i |
speaker shows the &expected [ £] -itiat den:
alveolar nasal still occurred (Figure 3.4). The amplitude of the waveform for /k/
turnedinto-[ /E] iI's not i ce alrlikfurnedntogdE but thishdaas not h a t
carry over to the immediately following weriditial alveolar nasal. What happens to
In/ instead, shown in Figure 3.4, is that the amplitude reduces dramatically to the size

of that of the voiced plosive in the nblgpurhood, th nasal formants disappear, and
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evidentlyair pressure during its hold abe builds up to produce a burst at the release
(see also Figure 3-d ), all of which make it rather hard to distinguish [n0] from [d].

Denasalizatiorwas found regardless of the environment: before and alfter
vowels and consonants including sonorant nasals and lig@dsexample of
denasalized bilabial and alveolar nasals before a low vowel [a] is shown in Figures 3.5
and 3.6. In both cases the fants typical of nasal consonants are not seen; the
sonorant alveolar nasal in Figure 3.5 provides a good visual comparison.

Denasalization of worthitial /m/ and /n/ was found even after a sonorant nasal.
Figure 3.7 shows a denasalized alveolar nasalednstely preceded by a homorganic
sonorant nasal. The nasal formants disappear during the /n/+/n/ sequence and there is
even something that looks like a small burst at the release of the second /n/.

Figure 3.8 shows a /m/ still realized as [m0] immedyatdter a sonorant
alveolar nasal. As was seen in Figure 3.7, the nasal formants visible for [n] disappear
completely in the most of the denasalized nasal hold phase. The contrast is clear
between this realization and that of the same phoneme realized@sorant nasal
between vowels worthedially in the following syllable.

Figure3.3S4 f emal e [ mfnerigan thbonii0' and’@rdfihonetic realisations of /k/ and
It/, realised here as something other than plosiwesumably fricatives showssome

nasal characteristics presumed to be resulted from anticipating the upcoming nasal.









































































































































































































































































































