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Supervisor Dr J H Eslmg 

Abstract 

Eslmg ( 1996) has proposed that the range of speech sounds that are aruculated 

behmd the velum can be orgaruzed accordmg to one place of art1culat10n with four possible 

manners of articulallon Tlus thesis provides acoustic and v1deo-endoscop1c evidence for 

the re-class1ficat1on of post-velar sounds by descnbmg pharyngeal speech sounds with 

cntena used m ex.istmg phonetlc taxonorrues and theones of lmgmstics Accordrng to the 

Internauonal Phonetic Alphabet (IPA) taxonomy, there are sounds that have been idenufied 

as pharyngeal as well as sounds classified as ep1glottal Eslmg has proposed that the 

epiglottal sounds can be re-classified as varymg manners of articulation that are produced rn 

the pharynx 

Tlus thesis uses acoustic and video-endoscopic evidence to show that there 1s one 

place m the pharynx that has maJor constnct1on capab1ht1es, and that the larynx as a whole 

is able to move mdependently beneath the spluncter that 1s created by the aryepiglott1c folds 

and the ep1glott1s It 1s shown that the larynx can nse and lower vertically beneath tlus 

pharyngeal constncuon, wluch contnbutes to the auditory confusion of post-velar sounds 

Acoustic features that are associated with raised larynx and pharyngeal1zed voices m 

Laver's taxonomy of\b1ce Quality Settmgs are used to provide support for larynx height 

as a d1stmct1ve feature m pharyngeal sounds 

Along with the correlauon of acoustical mformatlon with lmgmst1c taxonorrues, 

other acoustical correlates mcludmg pitch, shimmer, Jitter and harmomc-to-no1se ratio are 

descnbed for cardmal pharyngeal sounds as well as for natural language data that have 

pharyngeal sounds Based on the descnpuon of acoustical effects that identify pharyngeal 

sounds there needs to be a modification of the traditional acousttcal model of speech 

productton 

The ex1stmg model of speech production, the source-filter theory, reqmres 

mod1ficat1on, smce pharyngeal constnctlon 1s shown to have an effect on the source aspect 
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of the model by decreasing vocal fold vibrat10n The ability of the aryepiglottic folds to 

vibrate simultaneously is shown to provide another source of sound that can occur in 

conjunction with vocal fold vibration The filtenng acoustic effects of pharyngeal 

constnction and changes m larynx height have only been generally descnbed in the past 

The closer acoustical examination of cardinal pharyngeal sounds m this thesis suggests that 

it 1s energy m the upper frequency range that distingmshes between changes m the back 

part of the vocal tract 

Also developed m this thesis is a techruque for measunng video images By 

normalizing video images to a common reference in the vocal tract, it is possible to compare 

pictures between subjects and recording sessions The results of applying the video 

measurement techruque to images of cardinal pharyngeal sounds suggest that this techruque 

will be more successful m descnbmg v01ce quality settmgs when applied to a sequence of 

video pictures 

This thesis, m descnbmg pharyngeal speech segments, has provided a range of 

acoustical measurements that are found to be salient in descnbing pharyngeal sounds and 

manners of articulations The result of this broad acoustical analysis has shown that the 

present source-filter theory of speech production needs to be modified in order to 

accommodate the observed constnctlon capab1hties m the pharynx and vertical movements 

of the larynx The video measurement techruque developed m this thesis allows video 

pictures to be compared so that quantitative details between subjects and recordmg sessions 

can be stated 
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Chapter 1 - Introduction 

1 0 Introduction 

The goal of tlus thesis 1s to learn as much as possible about what happens m the 

pharynx when we talk so that speech can be more accurately modeled This goal 1s 

accomplished by usmg hngmstic phonetic taxonorrues as a gmde to orgaruze the 

movements observed m the pharynx On the basis of auditory analysis, 1t 1s proposed that 

the Pharyngeal column on the International Phonetic Alphabet (IPA) chart (see page 4) 

should be modified to mclude four manners of art1culat1on The hypothesis proposed m 

this thesis 1s that there 1s one place m the pharynx where 1t 1s optimally possible to produce 

sounds that correspond with the manners of articulation on the IP A chart This hypothesis 

1s motivated by Eshng ( 1996), who proposes trus place and manner of art1culat1on 

orgamzat1on of pharyngeal sounds based on histoncal and auditory evidence This thesis 

provides support for the IP A mterpretation of pharyngeal sounds by lay mg out a model of 

pharyngeal behaviour based on acoustic and v1deo-endoscop1c evidence Also, this thesis 

provides acoustic evidence that larynx height serves as a distmctlve phonetic feature used to 

disllngmsh speech sounds 

A dtstmctive feature 1s defined as part of a bundle of features that identifies a speech 

segment A system of dtstmcuve features can be defined by articulatory, acoustic or 

perceptual features (Trask, 1996) This thesis focuses on the acoustic features of 



pharyngeal stops, fncat1ves, tnlls and approx1mants, however, m d1scussmg acoustic 

features, an outlme of articulatory and auditory features 1s also developed 

2 

A distmctlve feature descnptlon of segments 1s a valuable method of mvest1gatmg 

speech sounds because features tend to mteract m ways that form a natural class of sounds 

withm and among languages A natural class of sounds 'appeals' to particular 

charactenst1cs of segments For example, m English, v01celess segments constitute a 

natural class that appeals to clustenng with the word 1rut1al fncattve [s] Th.ts appeal gives 

words such as 'spm' rather than *sbm or *zpm The sounds exammed m th.ts thesis are 

treated as a natural class of sounds that are produced behmd the velum but otherwise have a 

rather vague mterpretat1on 

McCarthy (1994) provides an outlme of auditory and articulatory properties of 

pharyngeal sounds based on a phonological analysts of vanous languages McCarthy 

notes that, m general, pharyngeal sounds tend to affect the vowels that they neighbour and 

pharyngeal sounds have co-occurrence restnctlons that make them avoid syllable final 

position Beyond noung these phonological charactenstics of pharyngeal sounds, this 

thesis does not discuss the phonological arguments that McCarthy makes The descn ptron 

m th.ts thesis will provide a more precise phonetic descnpt10n of the types of movements 

that take place m the pharynx 

The results of this research will descnbe the quanta! nature of sounds that are made 

by movements m the pharynx The term quanta! was proposed by Stevens (1972) and 

accounts for the observation that languages do not distmgmsh between all possible speech 

art1culat1ons The quantal theory suggests that m speech there are regions of acoustic 

stabihty that correlate with sabent, or dist1nct1ve features Speech output then, 1s mapped m 

a nonlmear way with the articulatory motlon that produces speech, th.ts makes 1t possible to 

produce speech segments rather sloppily yet the sound can still be perceived as the target 

sound 
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Quantal theory 1mphes that certam aspects of human speech, such as v01cmg, for 

example, offer a much wider range of acoustic vanatlon than 1s used by humans for the 

purpose of convey mg language The example that Johnson ( 1997) cites illustrates how a 

speech sound uses only one of three different glottal widths, either v01celess (wide), v01ced 

(not so wide) or glottal stop (closed) There 1s certamly a range of widths m between, but 

the percept.Jon of them falls mto the category of phonation type and contnbutes more to 

v01ce quality rather than differentiating sound segments With respect to post-velar 

sounds, the perceptually defined categones outhned rn the IP A chart imply two places of 

articulation m the pharynx namely, pharyngeal and ep1glottal Thls thesis provides 

evidence wruch descnbes acoust.Jcally stable regions that suggest one place of articulation 

and four manners of articulation Thls thesis shows that the term epiglottal is redundant 

smce there 1s only one possible place of articulation in the pharynx Also, larynx height 1s 

shown to be a distinctive feature that can be applied to pharyngeal sounds and may 

contnbute to the auditory confusion between post-velar sounds 

The International Phonetic Alphabet (IP A) is the most widely used and recogruzed 

phonetic alphabet wluch provides symbols for speech sounds The IP A chart provides a 

taxonomy of speech sounds that is arranged according to the 'place' m the vocal tract that 

the sound occurs and the 'manner' in wruch 1t 1s articulated That 1s, the leftmost column m 

the IP A chart corresponds to sounds produced at the hps and the nghtmost corresponds to 

the glottis, where voice 1s initiated by the vocal folds The rows correlate with the amount 

of constnct1on reqmred to produce the manner of art1culat10n, for example, the most 

constricted consonant 1s a plosive, wruch blocks the airstream completely Page 4 contains 

a modified version of the IP A chart The area of discussion for tlus thesis 1s the pharyngeal 

column and the section below the chart called 'other symbols' 

Along with orgaruzing sounds accordmg to their articulatory features, the IPA chart 

classifies sounds dynamically with respect to frequency and time domains Features of a 

sound that have temporal charactenstlcs descnbe manner of articulation and features that 



THE INTERNATIONAL PHONETIC ALPHABET (revised to 1993, updated 1996) 

CONSONANTS (PULMONIC) 

B1lab1al Labiodental Dental Alveolar Postalveolar Retroflex Palatal 

Plosive I p b t d t ct C 

Nasal m Il) n 11. Jl 
Tnll B r 
Tap or Flap [ r 
Fricative <p ~ f V e () s z J 3 ~ z. ~ J 
Lateral i: !3 fncauvc 

Approximant 1 -l J 
Lateral l l I. approx1man1 

Where symbols appear in pairs the one to the right represents a voiced consonan1 Shaded areas denote amculauons Judged 1mposs1ble 

CONSONANTS (NON PULMONIC) 

Chcks Voiced 1mplos1ves Eiecuves 

0 6 ' B1lab1al Bilabial Examples 

I Denial cf Dental/alveolar p' B1lab1al 

I (Post)alveolar J Palltal t ' DcntaVaJveolar 

f Palatoalvcolar g Velar k ' Velar 

II Alveolar lateral cf UVllar s' Alveolar fnuavc 

OTHER SYMBOLS 

M. Voiceless labial velar fncauvc C 4> Alvcolo.palatal fncauves 

w Voiced l:!b1al v.lar appro1Umant 1 A lvcolar lateral Ila;> 

q Voiced labial palatal app<01Uman1 fj Simultaneous J and X 

H Vo1e<:less epigl«tal fncabvc 

~ 
Affnca,es and double aruculaoons 

Voiced cp1glorul fncauvc can be !Cl)(CSCntcd by 1wo symbols 

-; JOlncd by a nc bar 1f necessary 
Ep,glo!!al plosi,c 

VOWELS 

From 

Close I a_ Y 

Close mid e 

Open rrud 

Open 

kp !§, 

0 

DIACRITICS D,acnocs may be placed above a symbol w1tl1 a descender c g I] 

0 
Voiceless I) Q 

n 

x 

Vo1c.cd s .t 
th dh Asptrated 

M0<c rounded ~ 
Less rounded y 
Advanced u 

.!. 

Rerrwcd e 
Ccnorahzcd e 

x 
Mid centralized e 

Syllabic n 
.!. 

Non syllabic ~ 
Rhoucny d"~ 

w 

y 

) 

. 

Breathy voiced b ~ Dental L9 
Ctuky voiced g 9 Apical t d 

.!,!. 

lJ nguolab1al t d 
~ 

Lanunal t d 
.!l----2. 

Lab1alucd tw dw Na.s•uz.cd e 
Palata!Jzcd tJ dJ n 

Nasal release d" 
Vclanzed tY dY l" 

La1eru release dT 
Pharyngcahtcd rd' No au<bblc release 

d, 

Vclanzcd or pharyngeahz.cd f 
!Ulscd <t ( ~ = vo,c,d alveolar fncauve) 

u,wc,ed e 
.l:. 

( ~ = vo,eed b,t,b,al app<OJUmanl) 

Advanced Tongue R00< e 
~ 

Rc,rac,cd T onguc ROO< ~ 

Central Back 

I Y U 
• ~ - w,u 

</J -- s e - -Y to 
~ 

£\re- 3\ 0 - A+~ 

reiCE B 

~ O•D 
Where symbols appear ,n pairs the one 
10 the nght represents a rounded vowel 

SUPRASEGMENTALS 

Pnmary stress 

Secondary stress 

1foun;)'t1J;}n 
Long e : 
Half long e• 
Extra short e 

I Minor (foot) group 

11 Maior (tntonat1on) group 

Syllable break 11 aekt 

Linking (absence of a break) 

TONES AND WORD ACCENTS 
LEVEL CONTOUR 

v 7 Exira e or high e"' 11 Rising 

e 7 High e ~ Fall,ng 

e -, Mid 
~ 

1 High e nsing 

' ~ U)W 

~ 

,,i U)W e e nsing 

e J ~wlTa e 1 R1>1ng 
falung 

.j, 
Downs1cp ? Global nsc 

t Upslep \, Global fall 

4 



have frequency charactensucs define place of articulation For example, the manner of 

articulation known as stop has a certam amount of 'time' where there 1s no sound, 

andwhether the stop 1s a [t] or a [k] depends on the energy at certam 'frequencies' at the 

release of the stop These auditory dtstmcttons lend themselves to acoustic mterpretat1on 

s 

Artlculatonly, when 1t comes to speech sounds past the velum, the hterature 

suggests that there can be lower, mid and upper pharyngeal constnctlon (Ladefoged and 

Madd1eson, 1996) Upper pharyngeal constnct10n generally corresponds to sounds that 

are classed as uvular According to Ladefoged and Madd1eson (1996), mid pharyngeal 

constnct10n correlates with pharyngeal consonants whtle ep1glottal consonants, found m 

the 'other symbols' section of the IPA chart, mvolve some lower constnct1on In contrast, 

Bessell (1993) suggests that pharyngeals can be produced either "by (1) contraction of the 

upper pharynx where the palatoglossus and palatopharyngeus muscles (front and rear 

faucal pillars) mtersect with the oropharynx and/or (u) rearward movement of the tongue 

root, carrymg with 1t the ep1glott1s and thereby acruevmg a constnct1on lower m the 

pharynx" (Bessell 1993, p 41) The evidence m this thesis suggests that the upper 

pharynx constnctlon descnbed m (1) by Bessell has the acoustic consequence of raismg 

formants as m a raised larynx v01ce quality sett.Ing The rearward movement of the tongue 

descnbed m (n) 1s found to be only part of what causes constnction m the pharynx This 

thesis provides a more detailed account of constnct1on m the lower pharynx by companng 

video and acoustic evidence with auditory phonetic definitions 

Y anag1sawa et al ( 1989) provide a physical descnptlon of pharyngeal constnct1on, 

whereby the ep1glott1s and aryep1glott1c folds that are attached to the ep1glott1s can 

spruncter This 1s the only 'constnctton' available m the mid to lower pharynx Below the 

aryepiglottlc folds, the larynx tube does not offer constnctlon capab1llt1es m the same way 

as other parts of the vocal tract, and neither does the tip of the epiglottis itself It 1s the 

sphmctenng of the aryep1glott1c folds that has been identified by Eslmg ( 1996) to produce 



the pharyngeal consonants exammed m this thesis and which 1s used to produce good 

smgmg styles observed m Y anagisawa et al 
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Havmg only one place of articulation available m the pharynx makes 1t possible to 

reclassify the IP A sounds so that the ep1glottal sounds can be mcluded m the pharyngeal 

column Lieberman and Blumstem (1991) state that "scientific theones relate things that 

were thought to be unrelated" (p 163) The theory developed rn this thesis relates the 

terms pharyngeal and ep1glottal with acoustic data and suggests that perceptually, 

pharyngeals and ep1glottals are produced at the same place m the vocal tract Further to the 

constnctlon capab1ht1es m the pharynx, the larynx, which contams the vocal folds, can nse 

and lower beneath the constnction and may contnbute to the perception of another place of 

art1culat10n for post-velar sounds This thesis exammes acoustically, usmg language data, 

the plaus1bihty of larynx height as a d1stmct1ve feature 

In order to descnbe pharyngeal movements, 1t 1s useful to consider some phonetic 

labels that are used to descnbe voice quality settmgs, smce some of the charactenstics 

observed for pharyngeal consonants have been observed m voice quality settmgs The 

taxonomy of voice qual1t.1es proposed by Laver ( 1980) 1s important to the d1scuss1on of 

pharyngeal consonants smce research m this area can provide evidence to help descnbe 

what types of behav10ur are possible m the pharynx 

Laver' s taxonomy of v01ce quality settings is orgaruzed accordmg to settmgs that 

are created by modifymg the source of sound, and are referred to as phonat10n types 

Phonation types are further classified mto simple types such as whisper, creak, modal 

v01ce and falsetto, and compound types, which are composed of more than one simple 

type Settmgs that mvolve filtenng the source sound are known as supralaryngeal settmgs 

and refer to habitual constnct10n m one area of the vocal tract or changes m overall length 

For example, a raised larynx setting, which 1s auditonly associated with a Jim Hensen 

'Muppet' v01ce quality, implies that the ent.J.re vocal tract is shortened because the larynx 1s 

raised 
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Pharyngeahzation 1s another voice quality and 1s associated with the tongue being 

positioned back in the pharynx, more or less all the time, dunng speech It has however, 

been found that a pharyngeahzed voice quality setting 1s the lower pitch version of raised 

larynx voice (Esling et al , 1994) This 1994 study suggested that raised larynx voice and 

pharyngeahzed voice are on an auditory contmuum with respect to pitch This implies that 

these voice quahty settings are produced in the same way, the difference 1s that raised 

larynx v01ce 1s high m pitch and pharyngeahzed voice 1s low m pitch Titze and Story 

( 1996) provide a model that shows that constncuon in the pharynx has the effect of 

slowing vocal fold vibration and therefore, lowermg pitch The constnct1on they observed 

1s believed to be the same as for pharyngeabzed voice quality settings and thus explains the 

lowered pitch that 1s perceptually associated with pharyngeal1zed v01ce On the other hand, 

the raised larynx settmg elimmates the rmpedance matching cavity found in low-pitched 

pharyngeal1zed settmgs because the larynx nses and 1s located at the constnction, this 

causes pitch to nse, and the resulting shortened tube adds to the higher frequency energy 

In an effort to categonze what happens m the pharynx for speech segments, Laver' s 

taxonomy of voice quality settings helps to descnbe the physical vocal tract setting for 

cardmal pharyngeal sounds exammed m this thesis, and this voice quality setting taxonomy 

provides salient acoustic features to look for m the pharyngeal sounds The voice quality 

setting for cardmal pharyngeal sounds 1s 'pharyngeal', which has the acoustic feature of a 

raised F 1 and lowered F2 compared with sounds made with a neutral settmg Smee a 

raised larynx setting ts on the same perceptual continuum as a pharyngeal1zed settrng, 

features that define raised larynx settings may also be associated with pharyngeal sounds 

Comparmg pharyngeal behaviour with the also controversial place of articulation 

known as glottal 1s useful since languages with pharyngeal sounds tend to have a senes of 

glottals as well The glottal/ pharyngeal d1strnct1on shows that glottals are affected by 

neighbounng vowels, that 1s, they mtrror the vowel they are beside, and pharyngeals affect 

ne1ghbounng vowels, or change the vowel they are beside Acoustic evidence that would 
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motivate including glottals m the post-velar class phonolog1cally 1s stlll in debate With 

respect to this thesis, acoustic evidence that classes glottals as post-velars 1s proposed to be 

the existence of energy across the entire frequency spectrum, and perhaps upper formant 

frequency mformatton 

The majonty of the acoustic investigation used for trus thesis 1s performed on one 

subject who 1s producing 'ideal' or cardinal pharyngeal sounds with the intent that these 

sounds represent an example that can be used for companson with language data The 

subject is a trained phonetician who can produce all of the sounds on the IP A chart as well 

as Laver's V01ce Quality Settings It 1s believed that analyzing the phonetician's 

pharyngeal sounds will illustrate the capab1ht1es of the human vocal tract and provide a set 

of model, or cardinal physical and acoustic parameters that can be compared with natural 

language data 

The acoustical study 1s enhanced by a video observation of the cardmal pharyngeal 

sounds produced by the same subject The subject used for the video exammatlon 1s not a 

native speaker of a language that uses pharyngeal sounds, but 1t 1s shown in chapter 5 that a 

native speaker may not be an ideal candidate for producmg cardmal pharyngeal sounds 

because of their habitual pharyngeahzed v01ce quality setting Thus, a native Hebrew 

speaker may madvertently 'hide' pertinent aruculatory information because the vocal tract 1s 

constncted m the pharynx more or less all the time 

Along with prov1dmg analytical support for the proposed descnptton of pharyngeal 

sounds, the video exarrunation develops a framework for video measurement One 

problem with using video data for phonetic research 1s that 1t 1s difficult to discuss 

quantifiable measurements This thesis modifies a techmque outlined by Painter ( 1986 and 

1991) to make a comparison between the cardinal pharyngeal sounds The problem of 

obtainmg a depth measurement in the video pictures still remains, however, the techruque 

used m this thesis nonnal1zes the video pictures so that each picture's measurements come 

from the same virtual depth and thus can be compared across subjects and sessions 
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The results of tlus research also show the need to modify the ex1stmg source-filter 

theory of speech production Tlus model considers sound that 1s produced by the vocal 

folds to be the source, and the shape of the vocal tract above the source provides a filtenng 

effect A more detailed descnptlon of how pharyngeal constnctlon affects vocal fold 

vibration and resonance charactenstlcs 1s of importance to the improvement of d1g1tal 

speech codmg m such applications as d1g1tal cellphones and internet telephony 

1.1 Goal of the Thesis 

The goal of this research 1s to systematically descnbe the role of the pharynx m 

speech The study 1s comprehensive, smce a vanety of measurement techmques have been 

employed m order to observe tlus part of the vocal tract Smee the human pharynx 1s the 

back part of the throat connecting the nasal, oral, IDiddle ear and glottal passages, 1t 1s 

difficult to observe th.ts area non-mvas1vely This study employs acoustic, 

electroglottograpluc and laryngoscop1c video measurement techruques m order to observe 

pharyngeal movements that are important m speech The phonetic taxonoIDies are used to 

provide a framework for exaIDinmg pharyngeal movements for this thesis This survey of 

analysis techmques used to exaIDine pharyngeal sounds offers an alternative mterpretation 

of an ex1stmg lmgmst1c taxonomy 

The existing IP A mterpretatlon of the pharyngeal area of the vocal tract 1mphes that 

there 1s only one lingmsucally relevant manner of aruculat1on that 1s utilized m the pharynx, 

namely the pharyngeal fncatlve It 1s proposed by Eslmg (1996) and here, that some 

members of the 'other symbol' set on the IP A chart could also be interpreted as pharyngeal 

m place of art1culat1on More specifically, the ep1glottal plosive could be considered a 

pharyngeal plosive and the voiced and voiceless ep1glottal fncat1ves appear to be 

pharyngeal tnlls Tlus re-arrangement of symbols would embellish the pharyngeal column 

on the IP A chart and may reflect more accurately the way languages use these sounds 
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Another goal of tlus research 1s to aid m detennmmg where and how the pharyngeal 

configurat10n changes m order to produce the cardmal sounds Tlus 1s accomplished by 

usmg video data In descnbmg the pharyngeal sounds usmg the nasendoscope, a 

measurement technique for analyzmg video pictures 1s developed Further to an acoustic 

and video descnpllon of cardinal pharyngeal sounds, the goal of tlus thesis 1s to provide an 

acoustic analysis of language data m order to detennme 1f languages make phonetic use of 

the proposed sounds 

1.2 Thesis Outhne 

The outlme of tlus thesis is as follows An articulatory to acoustic mappmg of 

cardmal pharyngeal sounds 1s made by descnbmg each pharyngeal sound m terms of four 

manners of articulat10n Tlus descnpt1on 1s also compared with general acoustic data to 

support the manners of articulation classification Other acoustic cues for place of 

art1culat1on are discussed with respect to general theones of speech production 

A qual1tat1ve exammation of video data 1s discussed m chapter 3 A nonnabzation 

technique 1s used to measure degree of pharyngeal constnctlon between the four manners 

of articulat10n wluch are discussed m chapter 2 Along with tlus 1s an attempt to correlate a 

sequence of video data with the acoustic output for the pharyngeal approx1mant 

An analysis of pharyngeal constncllon on vocal fold behav10ur is covered m chapter 

4 Smee the fonnant structure change 1s so subtle between the common vowel [a] and the 

pharyngeal approXImant, and because tlus constnct10n 1s very near the vocal folds, 1t 1s 

hypothesized that the salient feature of the approXImant 1s the constncllon effect on vocal 

fold behaviour A descnpt1on of changes m vo1cmg between vowels and voiced 

pharyngeal arttculatlon m the cardinal examples along wlth real language examples 1s 

discussed m support of the constnct10n m the pharynx havmg a marked effect on vocal fold 

v1brat1on 



Acoustic language data taken from the Uruvers1ty of V1ctona Phonetic Database 

(PDB), and Sounds of the World's Languages (SOWL) database from the Umvers1ty of 

California at Los Angeles are exarruned m chapter 5 The observations m chapters 2 

through 4 are compared with real language data m order to provide support for the 

taxonomy of four manners of articulation m the pharynx proposed by Eslmg ( 1996) 

Language data from Agul support the four manners of aruculatton, or an alternative 

mterpretation which could mvolve larynx height bemg the dtstmctive feature 
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The concluding chapter summarizes the theory of pharyngeal behaviour that has 

evolved from this thesis The IPA taxonomy provides a framework which allows for an 

acoustical exarrunat1on of pharyngeal sounds and supports the manner of art1culat1on 

mterpretat1on General acoustical theory 1s pressed mto service m order to support one 

place of art1culat10n for the pharynx proper The video exarrunatton also supports this 

mterpretation of place of arttculatton A detruled observation of vocal fold behaviour 

suggests that the salient feature that d1stmgu1shes between the pharyngeal vowel [a] and a 

pharyngeal consonant 1s the effect of constnctlon on vocal fold behaviour These 

d1scovenes combme to support the theory that, from an acoustic and articulatory pomt of 

view, the cardmal pharyngeal sounds produced by the phonet1c1an are a senes of four 

manners of aruculation produced at one place of articulation The acousttc language data 

also support this, however, further research from the phonologists who study these 

languages would be needed to provide evidence to show that languages use the sounds m 

this manner 

The motivation for larynx height as a dtstmctJ.ve feature comes from the acoustJ.c 

charactenst1cs that are observed m the larynx height voice quality settmgs That 1s, there 1s 

a relat1onship between larynx height and pharyngeal settmgs, and the dtstmctJ.ve feature for 

these settJ.ngs 1s pitch The acoustic quality of a rrused larynx settmg, m general, 1s a nse m 

all formants These features are all considered with respect to natural language data m 

chapter 5 
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Chapter 2 

Articulation to Acoustic Mapping of Cardinal Pharyngeals 

2 0 Introduction 

The purpose of this chapter 1s to give acoustic definition to Esling's ( 1996) pro­

posed pharyngeal consonants The pharyngeal consonants are comparable with the pha­

ryngeal vowe [a] and are defined acoustically as having the first three formant frequen­

cies occunng at about 700Hz for F 1 (first formant), l000Hz for F2 and 2500Hz for F3 

Eslmg's production of cardinal pharyngeal consonants 1s examined here acoustically m 

order to determine 1f these sounds can be classed as four manners of art1culat1on Also, 

from this acoustical study will determine 1f pharyngeal sounds are produced m one place 

of art1culat1on 

The value of analyzmg a phonet1c1an 's cardmal production of pharyngeal conso-

nants 1s best described m the following quote from Lieberman and Blumstem ( 1988) 

"In order for languages to use phonetic categories m speech, 1t 1s necessary to 

have d1stmct1ve acoustic patterns to define that category so that the listener 

can perceive 1t, and 1t 1s useful that the articulatory system can produce th is 

pattern even with some articulatory 1mprec1s10n" (p 186) 
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Examining cardinal productions acoustically will determine what salient acoustical fea­

tures are used to d1stmgu1sh between sounds produced m the pharynx This evidence will 

also show "that the art,culato,y system can produce this pattern even with some art1cula­

to1y 1mprec1s10n," as Lieberman and Blumstein suggest The degree of 1mprec1s1on ,s 

not dtrectly measured here but ,s considered with the exammat,on m following chapters 

of a video descnpt1on and vanous language data discussed m chapter 5 

Lieberman and Blumstem's formulatton alludes to Stevens' ( 1972) Quanta I Theory 

Th, theory suggests that there are regions of acoustic stability that correlate with salient 

features m speech That 1s, some sounds can be produced rather sloppily and still be 

understood For example, we seem to be able to understand sounds such as [1] (as in 

'heat') even when the speaker vanes their tongue postt1on wtthm 2 cm (Johnson, 1997) 

In the acoustical exam111at1on here, token examples of the card ma! pharyngeal 

consonants are produced by Eslmg and examined for features that define the particular 

manner of art1culat1on Along with noting manner of art1culat1on features, pred1ct1ve 

111format1on can be denved by descnbmg the shape of the vocal tract m the pharynx for 

these sounds The observed resonance effects for vocal tract shape are compared with 

concepts proposed and discussed m Fant ( 1960), Sundberg ( 1987) and Johnson ( 1997) 

The work of lngo Titze, Jo Estill and Johan Sundberg 1s pertinent to a d1scuss1on of 

pha,yngeal behaviour Each of these researchers 1s interested in pharyngeal behaviour 

because of their 111terest m professional smgmg, and pharyngeal constnct,on has been 

associated with good smgmg styles The constnct1on described by these researchers 

mvolves the ep1glott1s and aryep1glott1c fo lds approx,matmg as 1s seen m the pha1yngeal 

sounds exammed here The pharyngeal postures that are thought to contnbute to good 

smgmg are descnbed by Yanag1sawa, et al (1984), and observed acoustically by 

Sundberg ( 1987), with the effect on vocal fold v1brat1on descnbed 111 Tttze and Story 

( 1996) 
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Charactenz111g the range of motion possible 111 the pharynx, according to the IPA 

taxonomy, 1s useful to language researchers s111ce the taxonomy allows for comparison 

with other areas of the vocal tract The IPA taxonomy provides a symbol for eve1y speech 

sound and docs so by orga1112111g the sounds based on a1t1culatory, perceptual and acoustic 

features as discussed 111 chapter I Further mot1vat1on for d1stmct1ve features comes from 

the phonologies of languages that use certa111 groups of ounds The groups of ounds are 

motivated by their appeal to a sub-set of a segments d1st111ct1ve features 

This acoustic discussion of features of pharyngeal sounds 1s orga111zed as follows 

Each of the proposed cardmal consonants 1s presented together with a descnptlon of what 

1s observed art1culatonly with a video nasendoscope Followmg 1s a dcscnpt1on of the 

general manners of art1culat1on, and then a d1scuss1on of the qualities that define the 

card ma I pharyngeals F1rst 1s a descnpt1on of the methodology 

Method Pnor to the acoustic analysis, production of the pharyngeal consonants was 

studied with the aid of a flexible fibreopt1c nasendoscope This device 1s 111serted through 

the nose and 1s pos1t1oned JUSt behmd the ve lum (see Figure 1) However, the subJect 1s 

so comfortable with the procedure that he 1s able to 111sert the scope lower 111 the throat, 

beneath the apex of the ep1glott1s This method allows unobstructed v1ew111g of the larynx 

and pha1ynx and gives the view seen m Figure 2 The pertment structures are labeled and 

discussed with respect to the manners of art1culat1on m which they part1c1pate 

In general, Figure 2 represents the vocal tract during normal voicing The /a,)'nx 

contains the vocal folds w1th111 the laryngeal tube and 1t 1s situated at the bottom of the 

pha,ynx The larynx 1s bound by the ep1glonts,Just above the tubercle at the base, and 

the aryep1glorttc folds which attach to the cuneiform and aryteno1d cartilages The ep1g­

/oL11s 1s attached to the base of the tongue, and the pha,yngeal wall forms the back of the 

throat lt may be useful to examme this figure along wtth Figure I 111 order to better 

understand the pos1t1on of structures w1th111 the larynx and pharynx 
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Post alveolar 
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Palatal 
Velar 
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Figure I Pos1ttomng of the nasendoscope for viewing of the pharynx and larynx Labeled are the 
places of antculauon according to the Internauonal Phonetic Alphabet (IPA) 

Vocal fold 

Pharyngeal wall _ _ _ _ 

Aryep1glott1c 
fold 

Ep1glott1s ----

Figure 2 The view from the nasendoscope pos1t1oned as m Figure 1 

Aryteno1d cartilage 

False vocal fold 
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ep1glott1s 
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The acoustic output that correlates with the video was captured onto DAT from the 

video tape and from separate record111g sessions The microphone signal was enhanced 

and conditioned by a akam1ch1 mixer MX-100 before go111g to DAT via line 111put to 

ensure the signal was not overdnven and to ehm111ate noise that could be picked up by 

going 111 d1rect The data were analyzed using the Computerized Speech Laboratory 

(CSL) 4300A. Multi-Speech 3700 version I 20, and Analysis by Synthesis Laboratory 

(ASL) from Kay Elemetncs Corp 

2 I - The Pharyngeal Plosive [1) 

The in1t1al stage of a pharyngeal stop 1s hypothesized to be the same as a glottal 

stop The production of a glottal stop involves the false vocal folds press111g onto the 

vocal folds enough to stop them vibrating Other structures in the pharynx. such as the 

ep1glott1s, rema111 stationary In the pharyngeal stop, the same damping of the vocal folds 

occurs, but the larynx then nses up to the ep1glott1s which moves back toward the pharyn­

geal wall 

General Acoustic Description Stops appear to have a variety of acoustical measures, 

namely Formant trans1t1ons, vowel length, closure length, and burst behaviour These 

measures will be examined with respect to the pharyngeal plosive 

There are three 111tervals that are associated wtth stops in general Closing, closed 

and opening Formants are v1s1ble 111 both the clos111g and opening phases, thus prov1d1ng 

111format1on on the shape of the vocal tract go111g mto and com111g out of the stop The 

burst 1s a measure of speed of the articulators during the opening phase Physically 

speak mg, the formants of an utterance provide orga111zed acoustic energy m the frequency 

domain whereas burst noise 1s the orgamzat1on of energy 111 the time doma111 (Halle, 

Hughes, Radley, I 991. p 224) 

The three mtervals of a stop help to provide 111fonnat1on on the place of art1culat1on 

and vo1cmg d1stmct1on The closmg phase of a stop mvolves the vocal tract movement 
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and configuration shap111g the formants 111 a way that 111d1cates the place of art1culat1on of 

the stop 111 phonetic lerms The closed phase can be relati vely longer or honer and 

contributes to the perception of vo1c111g Such 1s the case 111 the contrast between the 

English [b] and [p] where the voiceless [p l has a longer closed phase than its vo iced 

counterpart This clo ed portion, along with vowel length, has been suggested as a cue 

for ,01c111g (Li ker I 978) 

Production of a pharyngeal plosive creates one large front oral cavity because the 

larynx rises up to the level of the ep1glottts The large oral cavity descnpt1on would be 

the ' normal ' case of production for the plosive, however, Eslmg (personal commumca­

t1on) has evidence to uggest that a lowered or raised larynx settmg can be applied to the 

stop It 1s the author's hypothesis that this lowered larynx settmg mvolves the same n s1ng 

of the larynx to the ep1glott1s to create the pharyngeal stop, but the umt (the ep1glott1s and 

aryteno1d ca1tilages) 1s ulted so that the ep1glott1s and tongue are pushed toward the 

pharyngeal wall This may give the opportunity for the pynform s111uses to be expanded 

and consequently resonate 

Stops m the oral region are d1stmgu1shed according to their formant transition to the 

followmg segment These transitions are predictable and v1s1ble 111 the spectrogram 

Further support for formant transitions as a cue for d1stmgu1sh111g stops has been obtamcd 

by synthesizing these transitions and then presentmg them to listeners (Cooper et al 

1952) Cited 111 Johnson ( 1997, p 136) the F2 locus, or ideal start frequency for bilabials 

1s around 700Hz, alveolars, I 800Hz, velars, 300Hz Burst and F2 locus are associated 

with front cavity resonance for velars, and 111 the case of pharyngeals, 1t 1s likely the same 

s111ce, the back cavity 1s uncoupled from the front at the ep1glott1s, makmg a large oral 

cavity With this 111 mmd. the F2 locus for pharyngeals 1s likely to be slightly lower than 

for velars as a consequence of the front cavity mcreas111g 
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The Waveform To illustrate the features of a pharyngeal stop tt 1s compared with a 

glottal stop, as seen m Figure 3 In all figures, the IPA transcnpt1on of the word 1s cen­

tered over the acoustic event The top waveform of Figure 3 1s an mtervocalic glottal 

stop The first part of the waveform corresponds to the vowel [ o] and the straight hori­

zontal lme portion 1s the stop and the last bit 1s another lo] vowel The bottom waveform 

1s the pharyngeal stop combined with the same vowels 

Compar111g the e two waveforms, the vowel preceding the stop 1s horter 111 the 

pha1y ngeal stop [1 ] The closed portion 1s longer than the glottal stop l?J These observa­

tions are predictable s111ce more effort 1s requtred to raise the larynx to the ep1glott1s and 

this should cause a longer stop portion and larger amplitude upon release due to increased 

lung pressure 

IM) h i ~ I TI >,ll 4 ) 

) 

1 

.J - < c> .. ..., 

Figure 3 Wavefonns of the pharyngeal stop (bottom) compared wuh the gloual stop (top) The stop gap 
for the pharyngeal 1s longer and the preceding vowel 1s shoner compared with the gloual Al o note the 
steep amplitude of the following vowel 

The relat1onsh1p between glottal and pharyngeal stop mtervals 1s comparable with a 

lenis/fort1s type dtstinctlon as described 111 Ladefoged and Madd1eson ( 1996) m Zapotcc 

languages of Mexico That 1s, the pharyngeal stop requires more articulatory force than 

the [1] and 1s analogous to fort1 s production The d1stmct1on of le111s/fort1s has also been 

applied to vo1ced/vo1celess d1st111ct1on, 111 English In the case of post-velar sounds, 1f the 

pha1yngeal stop 1s for11s, then 1t would be analogous to a v01celess segment and the glotta l 

stop would be con 1dered the voiced stop 
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The 1mpltcat1ons of a pharyngeal component m the lenis/fort1s descnpt1on of stops 

111 languages 1s not expanded here, but 1s certainly worth mvest1gatmg It 1s predicted the 

results would better define fort1s stops as having a pharyngeal component, eltm111atmg the 

less precise terminology of lenis/fort1s 

The steepness of the amplitude burst noted 111 Figure 3 has been associated with the 

fncatt ve/afTncate d1st111ctton (Johnson 1997, p 138) The short nse time that 1s associated 

with affricates, 111 this case, would correlate with the pharyngeal stop The longer nse 

time then, associated wtth fncat1ves would correlate with the glottal stop This 1s illus­

trated m Figure 3 by the angle marked on the followmg vowel 111 the waveform There 1s 

mot1vat1on for usmg a fncat1ve/affncate mterpretatton of these sounds from some Native 

011h American languages discussed later, however, 1t 1s questionable whether this fea­

ture 1s salient as 1s seen m the Hebrew data 111 chapter 5 

Pitch Pitch of the vowels preced111g and fo llow111g the pharyngeal stop 1s higher than 111 

the environment of a glottal stop Increased pitch 1s sometimes achieved by ra1s1ng the 

larynx (Eslmg. Heap, Snell and Dickson, 1994) Therefore, It 1s reasonable to assume that 

ns111g of the larynx observed m the video data for the [1] would correlate with an 111crease 

111 pitch 111 vowels surround111g a stop 

The Spectrogram The effect of complete pharyngeal occlus1on on the follow111g vowel 1s 

seen 111 Figure 4 The pharyngeal stop 1n the environment of an [o]-vowel (Figure 4) 

shows no obvious fonnant trans1t1ons However, 111 the environment of [1] (Figure 5) 

there 1s marked formant behaviour v1s1ble 111 the spectrogram for the follow111g [1] The 

preced111g vowel 111 Figure 4, does not show a trans1t1on because the sequence of events 

for the pharyngeal stop starts with vocal folds clos111g which stops the noise source, then 

the larynx nses causing the more massive stop Comparison of these spectrograms with 

the glottal stop (Figure 6 and 7) shows that there 1s no formant transmon at al l for the 

glottal stop m either the [1] or the [o] environment 
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Figure 4 Note the formant trans1t1on tn the followmg vowel for this sequence of [o?o] 

~ IOOOHz 

Fonnanl 
lr:111S111011 

Figure 5 Note the formant trans1t1on tn the following vowel for this sequence ofl1?1] 
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Figure 6 Fonnant behaviour remains stable throughout the trans1t1on regardless of the vowel , 
111 the case of the glottal stop [a7a] 

? 

Figure 7 Fonnant behaviour remains stable throughout the trans1t1on regard le of the vowel, 
111 the case of the glottal stop [171] 
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Synthesis To test further If pitch, vowel length, closure length and amplitude nse time 

charactenst1cs are pertinent for pharyngeal stops, a glottal stop token wa manipulated 

and synthesized using ASL The following parameters were altered Pitch was mcreased 

m the vowels preceding and following closure, the in1t1al vowel was shortened, and the 

stop closure was lengthened These adjustments result m a sound, Judged by a phonet1-

c1an and by a native speaker of Farsi, who 1s fam1lar with Arabic, to be similar to the 

ongmal production of a pharyngeal stop 

Conclusion The pharyngeal plosive has the general acoustic feature of a plosive in that 

there 1s a stop portion m the waveform The effect on formants surroundmg vowels 

suggests that for a pharyngeal spoken m the environment of an (1)-vowel there 1s marked 

formant transition, in that It looks ltke the formants are 'commg' from an [a] ltke art1cula­

t1on The glottal stop shows no formant trans1t1ons, suggesting that there 1s no change in 

vocal tract area function for the production of a glottal stop, regardless of the 

ne1ghbourrng vowel 

The charactenst1cs of the three mterva ls of the pharyngeal top, that 1s, the closing, 

closed and openmg stages, shows similar charactensttcs as with the v01cmg d1st111ct1on m 

other areas of the vocal tract The pharyngeal stop behaves acoustically like a 'voiceless' 

glottal stop in that the in1t1al vowel 1s shorter compared with the glottal stop, the closure 

time 1s longer and the amplitude nse time m the following vowel 1s shorter for the pha­

ryngeal stop Synthesis of these features provides enough of a cue for 1dent1ficat1on of a 

pharyngeal stop for at least two subjects This 1mpltes the glottal and pharyngeal plosive 

could act as a vo1ced/vo1celess pair respectively, based only on the acou tic descnpt1on 

The acoustic charactenst1c of amplitude nse time for an affricate contrast (Johnson, 

1997) offers an alternate description for pharyngeal stop behaviour Evidence to support 

this 111terpretat1on in found in an auditory language descnpt1on provided by Bessell 

( 1993) She notes that a dialect of the Native North Amen can language, called Ha1da, has 



a segment that has been described as a pharyngeal affricate Acou tic data 1s not docu­

mented for th1 clattn to date 
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The acoustic description of a pharyngeal stop companson offers two alternatives for 

a phonologist faced ~ 1th pharyngeal stop-ltke segments in a language One 1s that the 

contrasts between the segments mirror a vo1cedlvo1cele s contrast and the other 1s that the 

egment may be an affricate It 1s up to the phonologist to test these d1stinct1ons 111 order 

to determine 1f languages with a glottal/pharyngeal plosive contrast prefer a voicing 

distinction or a manner-of-art1culat1on d1stinct1on between the segments 

2 2 Pharvngeal trills [H, ~] 

The production of a pharyngeal tnll involves the larynx nsmg enough to allow the 

aryep1glott1c folds to vibrate against the ep1glott1s 

General Acoustic Descnpt1on The waveform in Figure 8 illustrates the quick, regularly 

spaced pulses assoc1a1ed with trill mg of something other than the vocal folds This type 

of pulsmg 1s characteristic of tnlls 111 general ote that outside the marked portion 1s the 

vowel which has regular pulsmg that 1s faster and 1s associated with vocal fold behaviour 

Figure 8 The \\aveform 1s of the sequence [O¾l). the marked portion shows slower v1brat1on 
since lhc pulses are spaced farther apart 

The tnlling that occurs during the consonant portion pulses at a rate of 50 tunes a second, 

which 1s faster than lingual tnlls at about 25 Hz, but slower than the vocal fold rate of 

about I OOHz for this speaker 
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It 1s plausible that the aryep1glott1c folds would vibrate faster than the tongue but 

slower than the vocal folds because these folds are less massive and dense than the tongue 

but more massive than the vocal folds Though the 50Hz v1brat1on 1s a plausible rate of 

v1brat1on for the aryep1glotttc folds, the mechanism of trilling 1s likely influenced by the 

glottal source below the pharyngeal constriction This 1s also suggested by the reduction 

111 rate of tnlhng observed in the voiceless version, to about 40Hz 

The Spectro2ram The spectrogram m Figure 9 shows that formant behaviour does not 

change markedly from the [a] vowel through the [~] to the following [a] vowel This 

suggests that the vocal tract configuration does not radically change throughout the [~] 

segment A companson between the [1] vowel rn the approx1mant 111 Figure IO 1llustratcs 

the effect of change vocal tract posture 

f :;;::::-:7 
e eyr " "" f • 'I' J 'l l 8 

g ' 

Figure 9 Spectrogram of the sequence [aw] showing no marked formant changes 

The vowel [1] 1s descnbed as having a low fi rst formant and high second formant 

compared wtth perfectly evenly spaced formants in a totally open vocal tract The vowel 

[a], on the other hand, shows a merging of the first and second formants towards the I 000 

Hz mark Figure 10 shows th is comparison rather dramatically This figure contains the 

spectrogram of the approx1mant sequence [1S-1], 111 order to illustrate the formant effects 

The uvular tnll shown in Figure 11 illustrates the slower tnllmg rate (~25Hz) com­

pared with the pharyngeal in Figure 9 W1th respect to formant behaviour, the d1 fference 
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Figure 10 The sequence [1\'1] showing marked formant movement The approx1mant 1s used to 
1l lu trate the formant behaviour 

Figure 11 The uvular tnll in the [ono] sequence 
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between the uvular and pharyngeal appears to be 111 the upper frequencies and 1s marked 

by a weaken mg of energy 111 the case of the uvular 

Conclusion The pharyngeal tnll has the general acoustic feature of successive quick 

tops result111g 111 pul es m the waveform that do not correlate wtth vocal fol d v1brat1on, 

s111ce the frequency 1s much lower Compared with tnlls 111 other areas of the vocal tract, 

the pharyngeal tnll vibrates at a faster rate Tnll111g that 1s faster than the uvular tnll and 

slower than vocal fold v1brat1on 1s explamable 1f the tnlhng 1s associated with the thmner 

aryep1glott1c folds 

The formant structure seen m the spectrograph1c evidence suggests that the vocal 

tract rema111s relatively stationary throughout the VCV sequence when the vowel 1s [o], 

this suggests that there 1s no need to class the sound as ep1glottal rather than pharyngeal 

Spectrograph1c comparison with a uvular tnll suggests that phar1ngeal movement 1s 

marked by changes 111 the upper frequency range As noted the pharyngeal trtll can be 

produced with or without vo1cmg which poses a log1st1cal problem smce no other tnlls 111 

the IPA are voiceless 

2 3 The Voiceless Pharvn2eal Fricative lh] 

The production of a pharyngeal fncat1ve mvolves the larynx ns111g to meet the 

ep1glott1s The aryteno1d cartilages are abducted to reveal the glottal open111g throughout 

the production of the fncat1ve 

General Acoustic Descnptton Fncat1ves are characterized aud1tonly and acoustically by 

noise or apenod1c waveform behaviour that 1s contmuous One qualtty of this noise 1s 

that there 1s energy across the entire frequency range which 1s v1s1ble m the spectrogram, 

m Figure 12 Lieberman and Blumstem ( I 991, p 227) claim the overall amplitude of a 

fncat1ve 1s associated with place of art1culat1on, such that (s] and lf] (as in ship), have 

greater ampluude than [f] and (8) (as m thm), for example The amplitude of the wave-
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form then, d1mm1shes the farther back the place of art1culat1on 1s 111 the vocal tract This 

would predict that a pharyngeal fncat1ve would have the lowest amplitude The degree of 

constnct1on for fncat1ves and the type of structure that causes the fnct1on, 1s also associ­

ated with relative amplitude That 1s, more constnct1on m the vocal tract, particularly If 1t 

1s caused by a narrowed wall, results m lower amplitude (Johnson 1997) The aryep1glot­

t1c folds have the capability of forming a ttght-walled constnct1on, thus contnbut111g to 

lowered amphtude 

The Waveform In the waveform above the spectrogram m Figure 12, there 1s marked 

low amplitude of the signal dunng the consonant compared with the [o]-vowel portion 

Cons1denng the above 111format1on, Figure 12 suggests the pharyngeal fncat1ve 1s pro­

duced relatively far back and with a great deal of constriction 

h o 

'~~ltlt-~"' ' 

~IOOOHz 

Figure 12 The voiceless pharyngeal fricative ote the lack of penod1c11y (ven1cal stna11ons) 
m the middle of the sequence and the low amphrude m the waveform m creen A (data 1s captured at 
I Ok Hz) 

In Eslmg ( 1996, p 77), the aryep1glott1c folds are proposed as the active articulator 

for the consonants studied m this thesis Support for this argument comes from the dis­

cus 1011 of fncat,ves and whether the fnct1on 1s created by a wall or obstacle Johnson 

( 1997) suggests that fncat,ves with lower amp It rude are usually classed as wall fncat1vcs, 

such as the b1lab1al [<I>], or palatal [~] Cons1denng the wall vs obstacle descnpt1on, the 
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pharyngeal could be classed as a 'wall fncatrve' because of its low amplitude And, based 

on video observation (described m chapter 3) 1t appears that the aryeprglottrc sphmcter 

that 1s created by the ep1glott1s and the aryep1glott1c folds provides a narrow cylmdncal 

wall that creates friction 

The Spectrogram The vowel portions of the spectrogram m Figure 12, show clear verti­

cal stnat1ons that are equally spaced and correlate with glottal pulse penods, whereas the 

consonant section shows irregular behaviour that 1s associated with fnctron Cited m 

Lieberman and Blumstein 1s research that shows that as a maJor frequency peak 1s low­

ered from 5kHz to 2 5 kHz, perception goes from [s] to lfJ Based on th is comparison, 

phary ngeal behaviour should be lower strll, smce the constriction 1s farther back m the 

vocal tract This would allow a larger cavity that accommodates lower frequencies to 

resonate This 1s seen m the spectrogram m Figure 12 Havmg such a large cavity m 

front of the place of articulation avarlable for resonance results 111 the first and second 

formants m the noise portion of the spectrogram These formants and the resonance 

charactenst1cs wrll be discussed m Section 2 5 

Conclusion The pharyngeal fncat1ve has the general acoustic feature of a fncat1ve m that 

there 1s random noise observable m the waveform, m the spectrogram, and audttonly 

The other marked observation m the spectrogram 1s the presence of formants This 1m­

pl1es that the source of noise 1s produced m a location that allows the entire vocal tract to 

resonate 

One question that Johnson's ( 1997) general discussion of fricatives inspires 1s, 

whether the pharyngeal fncauve 1s produced by a wall, or an obstacle Based on the 

acoustic observations here the pharyngeal fncat1ve 1s likely a wall-articulated fncat1vc 

since an obstacle would create more turbulence and therefore be higher rn ampli tude The 

pharyngeal fncat1ve tends to be quite low amplitude This would imply that the ep1glott1s 



cannot be an obstacle that causes friction but more accurately the whole larynx tube 1s 

narrowed 

2 4 T he Voiced Pharvngeal Fricative [~] as an Approx1mant 
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The production of a pharyngeal approx1mant mvolves the larynx nsmg to meet the 

ep1glott1s and obscuring the larynx completely, m the same manner as the stop 

General Acoustic Descnptton Figure 13 1s a spectrogram that shows approx1mant char­

acteristics There 1s no stop portion between the vowel and no tnllmg effects or obvious 

fncat1ve qualtt1es In a sense, the approx1mant 1s umque because 1t looks almost vowel­

like spectrographically For other approx1mant segments, such as [w], the formant trans1-

t10ns from a ne1ghbounng sound provide the acoustic cue The vowel [oJ 1s considered 

pha1yngeal because It 1s the lowest and most back vowel, for a pharyngeal approx1mant 

then. 1t 1s expected that the formant structure would resemble [o] 

~3000Hz 

r /•fjt]'9¥!frW'WIS .t O ~ 

Figure 13 This spectrogram of 1he sequence [ofo I shows no plosive. mlhng or fncauvc-hke qualtt1es The 
formants m1m1c those seen in the fnca11ve 111 Figure 12, which suggests that these sounds are produced at 
the same place m the vocal tract 

The Spectrogram The spectrogram of the pharyngeal consonant [~] next to [o] show 

very little formant trans1t1on 111 the first three formants In fact, 1f only the bottom half of 

the spectrogram were v1s1ble, one would likely confuse the spectrogram with a very long 

vowel However, audnonly there 1s a defirnte change between the begmnmg and end of 

the utterance 
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The low amplitude m the waveform dunng the consonant can be accounted for 1f 

the art1culat1on 1s caused by the aryep1glott1c sphmctenng mechani m and 1s considered 

to be a wall art1culat1on rather than an obstacle (Johnson 1997 p 119) Looking at the 

formant structure m Figure 13 there 1s a notable change m formant behaviour above 

3000Hz Most notable 1s a weaken mg of energy above 3000Hz However, this weaken­

mg 1s not expected to be a d1stmgu1shmg feature since the fncat1ve seen m Figure 12 has 

strong energy across the frequency spectrum Because of the fncat1ve's strong energy, the 

formant behaviour m the fncauve 1s more valuable for exammmg formant changes be­

tween the [o]-vowel and pharyngeal consonant place of art1culat1on The formants in the 

fncat1ve are exam med by look mg at a Fast Founer transform (FFT) display of the vowel 

[a] compared with the pharyngeal fncat1ve [h] and are discussed m Section 2 5 

Conclus1on The pharyngeal approx1mant shov.s a change m the upper formants that are 

not normally considered in phonetic acoustic analysis, except for s111g111g This suggests 

that fonnant structure may not be a salient feature of the[~] compared with [a] However, 

the marked drop 111 amplitude dunng the consonant appears to be the most obvious feature 

that may be salient to the listener It seems that the manner of art1culat1on features ac­

count for the cardinal consonants discussed m this chapter, the most puzzling d1stmct1on 

1s between ['ll and the vowel [ a] Chapter four discusses the effect of the phys1olog1ca I 

production of the pharyngeal consonants and their effect on vocal fold behaviour, which 

seems promising for descnbing the salient acoustic features of the pharyngeal consonant 

with the vowel 
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2 5 Acoustic Theory 

The previous sections have illustrated qualities of the manners of pharyngeal art1cu­

lation and only alluded to the features that support these consonants be111g produced 111 the 

same place Ill the vocal tract This section will discuss m more detail acoustical theory 

and how 1t supports one place of art1culat1on for the card111al pharyngeal sounds 

ln order to determ111e how sound 1s modified 111 the vocal tract, It 1s useful to draw 

an analogy The vocal tract 1s essenllally a tube, like a brass instrument, which has its 

source of noise at the vocal folds rather than the lips Consequently, a bra s or wmd 

mstrument player 1s addmg another tube and uncouplmg the noise source from the vocal 

folds so that air from the lungs 1s changed mto air pressure changes at the lips This 1s a 

long-wmded way of saying a brass instrument player 1s playing with an external vocal 

tract Usmg this analogy of the vocal tract with a musical instrument can help to expla111 

acoustic behaviour of sound m the vocal tract and pharynx 111 particular 

The vocal tract 1sn 't nearly as simple as a brass instrument 111 reality because of its 

oft walls and other fleshy bits, but model111g the vocal tract as tubes presents an approx1-

mat1on of the vocal tract with pharyngeal constnct1on The human vocal tract 1s complex 

not JUSt because the structures are fleshy, but becau e there are a few ' tubes' that are 

attached and are w1thm the vocal tract For example, the nasal cavity can be opened to 

and closed off from the vocal tract proper at the velopharyngeal port The vocal tract can 

also be chopped up 111to smaller tubes by the tongue For example, the vowel (11 has the 

tongue constncting near the front of the mouth creat111g a small tube at the front of a long 

tube at the back Also m the back tube 1s another tube, namely the eptlaryngeal lumen, 

that can pop up 111to the back tube It 1s this little tube that 1s the focus of this study, s111ce 

II 'pops up' Ill all the card111al pharyngeal sounds 

Before cons1denng the acoustic effects of the larynx tube that 1s inside the pharynx, 

cardinal pharyngeal sounds can be descnbed according to the vowel [o] This vowel 1s 

the lowest and most backed of all the vowels and thus describes the most extreme sound 

of this k111d that ts commonly found m human speech 
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A two-tube model 11nplies that for the vowel [a], the extreme backedness essentially 

chops the vocal tract in half Johnson ( 1997) descnbes this model with the followmg 

formula for a tube open at one end f = (2n- l )c/4/ The subscnpt b stands for back 
ho:/ hor/ 

cavity and/stand for front cav1ty,/-represents (f)requency c -the speed of sound m air 

(about 330 meters per second), and/ -(l)ength of the tube This mathematical formula 

states that the frequency of a sound m a rube open at one end 1s increased with the speed 

of air m sound and decreases as the length of the tube gets longer 

When lb=!/, or the front and back cavities are of equal length, there should be a 

concentration of energy at about 1000 Hz, 1f the vocal tract 1s about 17 cm long and the 

speed of sound 1s about 340m/s This would show up in a spectrogram as FI and F2 

merging, and Illustrated m Figure I 0 

Fant's ( 1960) data show formant frequencies for the vowel [a] as follows 
Formant Fre~uency Bandwidth 

I 50 94 
2 1075 91 
3 2463 107 
4 3558 198 
5 4631 90 

These frequencies show that the vocal tract 1s not quite chopped m half, but the frequen­

cies of the first and second formants are certainly closer to I 000Hz than for an l•J-vowel 

at 250Hz and 2500Hz (see Figure I 0) 

The effect of the larynx tube poppmg up mto the back cavity has been said by 

Sundberg ( 1987) to have its own resonance frequency, which 1s quite a bit higher Ill 

frequency, at about 2500Hz since the tube has a shorter length(/ m the formula above) 

This small tube has been made analogous with the mouthpiece on a brass instrument 

(Titze et al 1996) That 1s, It has its own 'poppmg' frequency (Rossing, 1990), but per­

haps more importantly to Tttze et al 1s that 1t matches the high impedance of the vocal 

fo lds with the low 11npedance of the vocal tract, thus having a marked effect on how the 

vocal folds vibrate This topic 1s further covered m chapter 4, for now the 'popping' 

frequency of the larynx 1s somethmg more pertinent because 1t creates a small tube, and 



since a smaller tube resonates at higher frequencies 1t 1s likely to show up as changes 111 

the upper fo1mants 
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Figure 14 shows the FFT power spectrum taken dunng the [al-vowel portion (dark 

lme) Overlaid 1s a spectrum dunng the pharyngeal fricative consonant portion which 

shows the shifts m formants The energy 111 the first formant region remains at about 

800Hz for both ounds There 1s a shift downward m the second fonnant to about 

21 00Hz for the fncat1ve The fourth formant shows a pronounced peak and 1s shifted up 

to about 4400Hz Also, the energy m the 5-6kHz region 1s more concentrated dunng the 

con onant portion 
~it.1'1f'IUIWNW:5WMW C\5WS:':1 

0 h 1ti1 

in•,WfB~~M· .. J 
4100/4400Hz 6200/6600H7 

fJt l 1 3'9> 

80011z 3500Hz 5700H7 

Figure 14 FFT power spectrum at a point dunng the vowel (dark line) compared with the con onant 

A model of upper formant changes 1s provided by Fant ( 1960) Fant's nomogram of 

a horn shaped three-parameter model (three sections of a tube) without the hp section 

(1 4-11 (c) p 84) seems to best represent the observations seen here The curve m his 

nomogram that matches the closest with the behav10ur observed here 11nplies a very small 

degree of open mg at the constnction closest to the glottis This 1s consistent with what 1s 

observed m the video data here, however, even Fant's pred1ct1ons do not account for the 

shifts m energy above 3500Hz 

Though Fant clauns that the upper formants bear no phonetic relation, 1t appears the 

difference, spectrograph ically. between the approx1mant and the vowel [oJ 1s seen 111 the 

upper formants The effect of this pharyngeal constncuon on vocal fold v1brat1on 1s 

exam med m chapter 4 and suggests that pitch, and other more fncat1ve-like qua lities are 

more likely the d1st111gu1shmg feature between the pharyngeal consonant [~] and the 

vowel [o] 
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2 6 Conclusions 

The acoustical facts presented here lend support to the claim that there are struc­

tures w1th1n the pharynx that can produce varymg manners of art1culat1on Moreover, 

there does not appear to be much evidence to suggest the need for more than one place of 

art1culat1on m the pharynx This would modify the 'ep1glottal' category in the present IPA 

treatment of post-velar sounds Thus, the model that poSlts ep1glottal and pharyngeal 

places of art1culat1on for post-velar differences in the auditory category, 1s not supported 

by the evidence presented throughout this chapter 

The acou tic description of these card ma I sounds shows that they have qualities that 

define manner of art1culat1on for other regions of the vocal tract Namely, there 1s stop­

page m the waveform for stops, noise in the spectrogram for fricatives, puls111g that 1s not 

associated with the vocal folds for trilling, and vowel-like qualtt1es for the approx1 mant 

Compan on with general acoustical theory suggests that the formant behaviour of these 

sounds 1s consistent, 11nply111g that they differ only m manner of art1culat1on 

Low amplitude that 1s noted 111 the waveforms of the pharyngeal sounds suggests 

the constnct1on 1s formed by a wa ll-like structure rather than an obstacle, as 1s discussed 

111 Johnson ( 1997) Johnson's discussion suggests that If the constnct1on were caused by 

an obstacle, such as the ep1glott1s, the waveform amplitude would not be affected to the 

degree observed here This fact gives support for the a1y ep1glott1c sphmcter, rather than 

the ep1glott1s or tongue, be111g the active articulator, as proposed by Esl 111g ( 1996) 

Of importance 10 the acoustical theory of speech production, the results of this 

acoustic descnpt1on illustrate the need to modify the present source-filter theory Mod1fi­

cat1ons need to account for the change 111 upper formants that are observed m the post­

velar segments examined here Also, the model must account for the effect of pharyngeal 

constriction on vocal fold v1brat1on It 1s expected that pharyngeal effect are more 

pertinent to voice quality settings, however. the descnpt1on developed m this chapter, 

with respect to sound segments, offers a more thorough account of movement m this 

region of the vocal tract 
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One issue that remains 1s the JUst1ficat1on of a voiceless pharyngeal tnll when there 

are no other voiceless tnlls m the IPA taxonomy There 1s another notable unbalance with 

respect to the fncat1ve manner of art1culat1on Arguments m Laufer ( 1996) and the acous­

tic evidence presented m this thesis motivate re-classifying the v01ced pharyngeal fnca­

t1ve as and approx11nant, however, domg so would leave a gap m the voice fncat1ve box 

One argument to support having only a voiceless pharyngeal fncattve 1s that a voiced 

fricative and the approx1mant would be easi ly confused because of the increase m friction 

noise noted m the glottal source for an approx1mant These issues beg further research, 

however, noting the charactenst1cs of all pharyngeal sounds m this systematic manner 

provide charactenst1cs that can be used for accurate speech recogrnt1on of the range of 

pha1yngeal sounds that are humanly possible 
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Chapter 3 - Video Description of Cardinal Pharyngeal Postures 

3.0 Introduction 

The purpose of this chapter 1s to gam a better understand.mg of pharyngeal 

behaviour by exammmg the cardmal pharyngeal consonants through a video-

nasendoscope It is possible to pos1t1on the nasendoscope so that there 1s a clear view of 

the pharynx and larynx and so that 1s does not affect speech production The pos1t1omng of 

the nasendoscope, and the view that 1t shows are illustrated m Figures 1 and 2 

Quantifiable measurements from the two d1mens1onal 1mages are difficult to obtam, 

however, the measurement technique descnbed by Pamter ( 1986) is modified m thls thesis 

and used to compare the most constncted pomt of each cardmal consonant Thls was done 

m order to detenrune 1f the manner of articulation could be d1st1ngmshed by the degree of 

constnctlon v1s1ble m the pharynx 

Also, a sequence of video pictures 1s exammed along with the acoustic output m 

order to see if there can be an acoustic to articulatory mappmg of pharyngeal behaviour 

from the video Sundberg ( 1987) descnbes that when the ratio of laryngeal operung 1s 

16% of the size of the pharyngeal operung, and the larynx 1s low, then there should be a 

concentrat10n of energy m the 3-5kHz range Thls 1s commonly referred to as the smger' s 
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formant Th.ts ratio 1s easily measurable usmg two d1mens1onal video pictures and 1s used 

m the sequence of pictures m order to determine 1f the pharyngeal sptunctenng observed m 

these sounds contnbutes to changes m upper formant frequencies 

Usmg data from a v1deonasendoscope has one major drawback which 1s that 1t 1s 

difficult to compare pictures because the camera depth can change dunng a session, 

between sessions or between subjects To m1mm1ze this, Pamter' s (1986) techmque 1s 

tested to see 1f a glottal length measurement can be used to normalize all video photos so 

that the measurements essentially come from the same camera depth In th.ts study, an 

adaptation of Pamter' s normahzat10n techmque 1s used to detenrune 1f the range of 

constncuon for the proposed pharyngeal consonants can be seen and measured in the video 

pictures Normahzauon 1s also used when measuring the ratio of laryngeal openmg to 

pharyngeal openmg in order to confirm that the camera has not moved drastically 

The complexity of movements in the larynx 1s d1fficult to capture because there 1s 

movement m three d1mens1ons Also, some of the laryngeal structures in th.ts area are 

small, agile and are someumes obscured by fleshy folds, not to ment10n that, m addt10n to 

from antero-postenor and lateral movements, the larynx itself can tilt up toward the 

epiglottis Measurement of activity m the vertical d1mens1on 1s difficult, requmng 

spec1al1zed mod1ficauons to the nasendoscope and development of a measurement 

techmque In spite of all of these drawbacks, the goal of th.ts part of the research 1s to 

devise a method of quantitative video measurement without modification to the 

laryngoscope Pamter' s technique 1s intnguing since 1t also provides a method of 

normalization that allows for comparisons across subjects and recording sessions 

Another techmque of measuring video pictures 1s Peppard and Bless' ( 1990) 

method of tracmg two rmages that are slffiliar, usmg landmark structures such as the 

arytenoid carttlages, ventricular folds and epiglottis The traced images are taken from two 

separate sess10ns under s1m1lar condltlons, m order to produce images that are nearly 

1dent1cal This method of measurement 1s useful for observing a change m nodule size after 
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treatment, for example However, an assessment of general relative posture 1s not possible 

from tlus techruque, nor 1s 1t possible to compare postures 

Pamter's normahzat1on of measurements involves acqumng a video picture of a 

deep inhalation from the subject, for each recordmg sess10n In each of these mhalat1on 

pictures, the length of the glottis is measured and normalized to 23mm, wluch 1s considered 

a reasonable length for an adult male All pictures that are taken from the particular camera 

lens position, or session, are then measured and normalized to the glottal length of 23mm 

Wlule this allows for valuable comparisons, 1t 1s unclear, in Pamter's papers, 1f a number 

of deep mhalauons were measured and tested to deterrrune 1f measurements for the deep 

mhalat1ons are consistent If the measurements for deep mhalations are not consistent, then 

the normalization technique 1s not vahd In this thesis, therefore, normalization of 

measurements is tested by takmg a senes of inhalations, makmg measurements, and testmg 

statistically m order to determme 1f the values are consistent 

In Pamter's papers, a deep inhalation 1s used at the begmrung of a recordmg session 

for normahzat1on Smee the camera can move durmg a recordmg session, mhalation 

pictures for this thesis were taken as often as possible Also, the mhalations for this thesis 

were considered to be the normal breaths a subject takes durmg a sess10n, rather than a 

requested exaggerated inhalation The rationale for takmg normal breaths as the benchmark 

photo 1s that there should be less vanation in a normal speakmg breath than for a 

'requested' deep mhalatlon Also, 1f a normal breath can be used for normalization, any 

laryngoscopic video ever made can be normalized, measured, and used for comparison, 

smce every subject takes a breath at some pomt 

It 1s easiest, m terms of descnbmg vocal tract behaviour mathematically, to assume 

the vocal tract does not change over time and has uniform shape Consequently, the pomt 

of greatest constriction of the pharyngeal sphmcter during the product.Ion of the cardinal 

pharyngeal consonants 1s used as the measurement picture for this study Smee the reality 



is that speech changes over time, it is useful to analyze a senes of video frames, wh1ch is 

also done m this thesis 
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The analysis of a video sequence attempts to correlate pharyngeal posture with the 

posture descnbed for the smger's formant The smger's formant (wh1ch is a concentration 

of energy at around 3kHz) is said to be caused when the openmg of the larynx tube is 1/6 

the cross-sectional area of the expanded cross-sectional area of the pharynx One way to 

correlate the video with the acoustic data is with the Smgmg Power Ratio (SPR) 

measurement descnbed by Omon, Kacker, Caroll, Rlley and Blaugrund (1996) Trus 

measurement takes the greatest harmomc peak between 2 and 4 kHz and the greatest 

harmomc peak between O and 2 kHz to produce a rat10 used to descnbe smgmg voice 

quality This ratio however, is only valuable for fine tumng a smgmg style by generally 

mcreasmg energy w1th1n a frequency range and doesn't serve as a lmgmstic distmctive 

feature 

Past research has provided two methods of measunng the video data for descnbmg 

cardmal pharyngeal sounds and pharyngeal sphmctermg m general One method is the 

quantifiable video measurement techruque descnbed by Pamter and the other is the rat10 of 

pharyngeal openmgs that are seen m the video data and is msprred by Sundberg's smger's 

formant mvesugatlons 

3.1 Norrnahzahon of Inhalation Pictures 

In order to determme if normalizmg video pictures to a glottal length measurement 

is a valid method for companng video pictures, a collection of 19 pictures of mhalations 

were captured from two recordmg sessions The pictures were saved as Targa files and 

imported mto CorelDraw to be measured Eight pomts on the mhalation picture that were 

v1S1ble m all pictures were identified and marked These pomts were chosen smce the 

author felt certam that m each picture these pomts were the same physical structures and 

that these pomts could be accurately measured The pomts are shown m Figure 15 
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Pharyngeal wall 

Pynform Smus 

Vocal fold 

Ep1glott1s 

Figure 15 Pomts used for tnhalation 
measurements 

Glottis 
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Vocal Process 

Aryteno1d cartilage 

Aryep1glott1c 
fold 

False vocal fold 

Tubercle of the 
ep1glott1s 

Figure 16 Landmark structures m the larynx and pharynx 
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The landmark structures used for measurement appear m two vertical planes One 

plane is the 'glottal' plane and the other, is the 'aryepiglottal' plane Figure 16, shows 

landmark structures found m these two planes The glottls, vocal folds and false vocal 

folds all hem the glottal plane The apex of the aryteno1d cartilages (formally, but not so 

often called conuculate cartilages) and the cuneiform cartilages which are embedded m the 

aryepiglott1c folds, along with the aryepiglottic folds themselves, constitute the aryepiglottal 

plane Movement for the pharyngeal sounds appears to be m each plane, that 1s, the 

ep1glott1s has the ab1hty to move back toward the pharyngeal wall, makmg contact with the 

aryteno1d and cormculate cartilages and obscunng the glottal plane below 

The concept of two planes and the value of havmg pomts m both planes is 

important smce, most of the pharyngeal articulations measured m this chapter do not have 

any v1S1ble features m the glottal plane If all measurements that are taken and are 

normalized to a glottal measurement, then 1t 1s necessary to detennme 1f the structures m 

both planes can be accurately measured, particularly 1f the glottal openmg 1s rarely seen m 

the pictures that are measured The value of usmg the glottal measurement as the 

benchmark measurement for normaltzauon and not something m the aryep1glott1c plane, 1s 

that it can be measured most accurately All other structures used to take measurements m 

the video pictures are 1denufied by the bnghtness of the structure relative to the surroundmg 

tissue The glottal length, however, 1s obv10us because the glottis is a 'hole', with clearly 

defined edges 

Refemng back to Figure 15, the eight pomts allow five relatively accurate lmear 

measurements to be taken and one angle measurement The total number of permutations 

for the eight pomts would mvolve more than five measurements, however, pomts A, C and 

D are Imes that lie along a fleshy fold, and 1t would be difficult to find a consistent central 

pomt Pomts A, C and D, however, do allow for accurate measurement across planes with 

pomt B The one angle measurement 1s taken from pomt B to both vocal processes and 1s 

consistently 90° m all mhalation examples 
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The measurements taken are AB (glottal length), AD, CB, DB The raw 

measurements were taken and then normalized to the equivalent of the glottal length (from 

A to B) Rather than usmg Pamter's 23mm measurement, the glottal length was considered 

to be one (1) smce, only relative measurements are of mterest Table 1, below shows the 

normalized measurements between these pertment pomts Also shown are the mean and 

standard deviations for each measurement 

Table 1 Nonnalized measurements from mhalat1on photos Parameters are on the honzontal axis and 
photo 1denuficauon on the verucal axis Note Token 'mh5' was removed along with the picture that 
would have been normalized to that picture smce there was not enough bghung to make points measurable 

token AB AD CB DB FF 
inh I 48 I 22 I 48 2 15 
inh2 48 I 16 I 48 2 28 
1nh3 41 I I 8 I 41 I 9 I 
inh4 44 I I 3 I 44 2 00 
rnh6 43 2 05 2 43 2 24 
rnh7 52 I 10 I 52 2 24 
mh8 40 I 15 I 40 2 10 
inh9 55 I 09 I 55 2 27 
deepa 57 I I I I 57 2 70 
deep! 54 I 27 I 54 2 27 
deep2 52 I 31 I 52 2 62 
deep3 54 I 32 I 55 2 61 
deep4 52 I 32 I 52 2 58 
deep5 56 I 15 I 56 2 29 
deep6 56 I 41 I 56 2 63 
deep7 55 I 37 I 57 2 80 
deep8 46 I 23 I 46 2 31 
deep9 48 I 3 J I 48 2 52 

Mn 0 56 I 22 I SO 2 36 
SD 09 11 06 25 

All values from Table 1 for each parameter fall w1thm two standard deviations of 

the mean This suggests that m both the glottal and aryepiglottal planes the measurements 

do not vary sigmficantly from the mean Trus also suggests that normal1zmg to a standard 

glottal length 1s acceptable even for measurements taken from photos that do not show any 

features m the glottal plane The results from exammmg the mhalation pictures show that it 

is possible to measure structures m a video picture and normalize them so that the values m 

all pictures effectively come from the same camera depth 
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Measurements are then taken from a senes of pharyngeal articulations m order to 

determme if a pharyngeal stop, tnll, fncatlve or approxrrnant can be identified based on a 

video picture The picture that 1s chosen to represent the pharyngeal articulation is the pomt 

of maximum constncuon dunng production This was chosen with the mtent that lt would 

give ms1ght mto the shape or area function of the resonatmg cavity for each consonant 

The value of gammg mformation on area function 1s so that it can be checked agamst 

acoustic theory In this case, the mformation potentially can be used to create an acoustic 

theory of pharyngeal behaviour As seen m chapter two and suggested by Fant ( 1960) 

changes m the pharynx result m upper formant changes, the present acoustical theones of 

speech production focus on the lower frequency formant mformat1on, and do not provide a 

model of upper formant behaviour Before d1scuss1on of the analysis of the still pictures, 

there will be a subJect1ve auditory and visual descnptlon of the sequence that 1s exarnmed 

for each pharyngeal sound 

3 2 Observat10nal Descr1pt10n of Cardmal Pharyn2eals 

The Pharyngeal Stop The pharyngeal stop sounds hke a more forceful vers10n of a 

glottal stop The glottal stop is the sound occurmg m the rruddle of the paralmgmstlc 

speech feature "uh-oh 1" A more forceful version of this 1s the rruddle stage of 

swallowmg In swallowmg, the aryep1glott1c sphincter closes off the larynx This posture 

1s protective and allows channelmg of food mto the esophagus 

The cardmal pharyngeal stop was produced m an [i'.i?1] envrronment This offers the 

best contrast of movement smce the tongue is high m the oral cavity for the production of 

[1], thus maximally exposmg the pharynx 

When v1ewmg a pharyngeal stop with a nasendoscope, the larynx (the structure that 

contams the vocal folds), nses up to meet the epiglottis (Figure 17a), thus obscurmg the 

larynx The glottis is obscured by the aryep1glott1c folds and the aryten01d cartilages which 

are pressed agamst the epiglottis The aryteno1d cartilages tllt forward and meet the 
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epiglotlls above the epiglottal tubercle Thus, the seal for complete constnction is between 

the larynx tube and the epiglottis rather than the epiglottis and the pharyngeal wall The 

pynform sinuses remam VISlble, but take on a smaller, more rectangular shape 

The Pharyngeal Tnll A pharyngeal tnll sounds hke a growl, and 1s associated with 

the smgmg style of the Jazz artist Loms Armstrong This sound can be voiced (mvolvmg 

the vocal folds) or unvoiced Observation of this behaviour with the nasendoscope shows 

the pharyngeal structures m the same posture as the other pharyngeal sounds, with the 

mclus10n of tnlhng that is caused by the aryep1glottic folds v1bratmg The ability for these 

folds to vibrate requ1res the larynx to approximate the ep1glott1s, usually m raised mode 

(Figure 17b) This 1s smular to the stop, but the aryepiglott1c folds are slackened enough to 

vibrate rapidly against the ep1glott1s V1brat1on 1s 1dent1fied m the still photo by the blumng 

at the aryep1glott1c folds 

The Pharyngeal Fncative. A fncat1ve 1s caused by producmg fnctlon n01se as m an 

English /ff or Isl In order to cause this type of noise m the pharynx, the aryteno1d 

cartilages remain agamst the pharyngeal wall with a gap between them wl:u.ch allows the 

aryep1glott1c folds to remain away from the ep1glott1s (Figure 17c) It appears that the 

entlfe larynx tube is elevated m the case of a fucauve compared with the tilting action for a 

plosive or tnll 

The Pharyngeal Approximant. The approx1mant 1s the Arabic 'am', which 1s classed 

as a fncative but argued to be an approXImant by Laufer (1996) The most constncted 

pomt of an approx1mant looks similar to the plosive and tnll except that the epiglottls and 

pharyngeal wall form a less rounded view of the arytenoid cartilages and aryep1glott1c folds 

(Figure 17d) 
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3.3 Measurements and D1scuss1on 

The landmark structures m the larynx that are of mterest and used as anchors for the 

measurements taken are shown m Figure 16 Pamter uses 15 measurements that are visible 

m the data he exammed, m this study, there are only four of these measurements that are 

v1s1ble m the cardmal pharyngeal still picture Of the four measurements, only two are 

v1S1ble m all of the pharyngeal data The other two measurements are only v1S1ble m the 

pharyngeal fncat1ve and, consequently, serve to d1stmgmsh thls consonant A verbal 

descnption of each measurement along with the acronym used throughout the chapter are as 

follows 

l Glottal Length (GL) Thls 1s the measurement of the openmg between the vocal folds 

along the antero-postenor d1mens1on, from the antenor corrurussure of the vocal folds at the 

ep1glottal tubercle to the vocal processes of the aryteno1d cartilages In the case of the 

fncat1ve, the glottis 1s obscured somewhat by the aryteno1d cartilages, the aryep1glott1c 

folds and the ep1glott1s Smee the fncative 1s the only posture examined here that has a 

v1s1ble glottis, the measurement for thls and GW are recorded as one (1) 

2 Glottal Width (GW) The glottal width 1s the widest part of the openmg between the 

vocal folds, whlch 1s between the vocal processes The fricative 1s the only example that 

has a v1S1ble glottal openmg, m the fncative, the vocal processes are obscured so, as with 

GL, 1t 1s given a value of one (1) 

} Ep1glott1c Blade Pos1t1on CEBP) The ep1glottal blade position 1s measured from the 

postenor wall of the pharynx and runs between the aryteno1d cartilages, which form a small 

tnangle agamst the ep1glott1s m the analyzed pictures, to the blade of the ep1glott1s The 

blade measurement 1s taken where the tubercle mtersects with the blade itself 

1 Pynform Smus Width {PSW) Thls measurement 1s the maximum distance from the 

aryep1glott1c fold to the pharyngeal wall, perpendicular to the aryep1glott1c fold Thls 

measurement 1s taken from the pharyngeal wall to where the aryteno1d cartilage JOms the 



aryep1glott1c fold smce, m the pharyngeal articulations, 1t consistently shows up as a 

relatively clear nght angle 
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Method A fibreopt1c nasendoscope was mserted to show a smtable view of the larynx and 

pharynx as descnbed with respect to Figures 1 and 2 It was possible to mamtam a stable 

camera position while recordmg by morutonng mark.mgs on the nasendoscope that lme up 

with the outside edge of the nose ( external nares) V ariabihty m camera pos1t1on 1s also 

accounted for by normalization of values as descnbed above The video data are obtamed 

from the vowel-consonant-vowel, sequence [1_1] The vowel [1], as m 'beet', 1s used 

smce the tongue 1s high m the oral cavity leavmg the pharynx wide open and offenng the 

greatest contrast with pharyngeal behaviour Sequences are spoken m isolation or taken 

from the earner phrase "he hit VCV quickly" The data are taken from two different 

recordmg sessions usmg one subJect, who is a tramed phonetician 

The pomt of maximum constnct1on dunng the consonant production 1s considered 

to be the 'pharyngeal articulation' The images are obtamed usmg an Olympus ENF-P3 

flexible fibreoptic laryngoscope attached to the Kay Elemetr1cs Rhino-Laryngeal 

Stroboscope 9100, a Panasoruc KS152, camera and a M1tsub1shi S-VHS video cassette 

recorder BV-2000 (runnmg at 30 frames/sec) The images are saved as a Targa file and 

exported to a PC computer for processmg m CorelDraw 

Data captured for this study consist of at least eight examples of each pharyngeal 

consonant art1culat1on (stop, tnll, fncatlve and approx1mant) and, at least two mhalat1on 

samples for each set of four or five consonant examples Some pictures were discarded, m 

one case the picture transferred from the Targa file was unreadable and m a second case, 

the mhalation picture to be used for normalization was too dark to be measured and was 

discarded along with the aruculation picture that followed 

In all cases except for pictures 'stp2t7-stp7t7', the mhalauon picture used for 

normahzatlon was taken before the articulations were uttered Pictures 'stp2t7-stp7t7', 
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were noticeably closer to the camera than the picture precedmg them However, there was 

no mhalatton pnor to these frames Consequently, the mhalat1on 1mmed1ately followmg 

these pictures was used for normal1zat10n 

The raw data measurements taken from the mhalation pictures, along with the 

art1culat10n pictures that follow are shown m Table 2 Smee the mhalation pictures are only 

used for normal1zmg to the glottal length, only the glottal length value 1s recorded In the 

cases where no measurement was possible, the value was recorded as zero 

Table 2 Raw measurement values from video pictures The parameters are on the honzontal axis photo 
1dent1 fica11on 1s on the vertical axis Zero indicates measurement was not possible One (I) indicates the glottis 
1s v1s1ble but an accurate numencal measurement 1s not possible 

GL cm EBP PSW GL cm EBP PSW 
tnh I 27 deep? 30 
Sip I 0 0 22 I I fnc l t7 I 38 13 
stp2 0 0 20 8 deep8 26 
tnh2 25 fnc2t7 I 37 15 
stp3 0 0 19 IO deep9 29 
stp4 0 0 19 9 fnc3t7 42 15 
deep] 26 fnc4t7 45 15 
Sip I 17 0 0 32 14 fnc5t7 47 25 
stp2t7 0 0 29 I I fnc6t7 I 41 20 
stp3t7 0 0 34 11 mh3 22 
deep2 29 fnc l I 16 12 
stp4t7 0 0 36 14 tnh4 16 
deepa 27 fnc2 10 0 
stp5t7 0 0 4 3 13 fnc3 I 10 0 
stp6t7 0 0 52 12 tnh6 21 
stp7t7 0 0 50 15 aprx I 0 0 2 1 12 
tnh8 20 aprx2 0 0 23 13 
tnll 0 0 25 16 aprx3 0 0 22 14 
tnl2 0 0 22 13 aprx4 0 0 22 12 
tnh9 22 tnh7 29 
tn13 0 0 25 15 aprx5 0 0 27 14 
tnl4 0 0 25 14 deep3 28 
tnl5 0 0 29 15 apx I t7 0 0 41 17 
deeps 34 apx2t7 0 0 43 20 
tnl I 17 0 0 40 17 apx3t7 0 0 4 4 22 
tnl2t7 0 0 39 19 deep4 31 
deep6 32 apx4t7 0 0 41 21 
tnl3t7 0 0 42 20 apx5t7 0 0 41 20 
tnl4t7 0 0 42 20 apx6t7 0 0 43 22 
tnl5t7 0 0 42 12 apx7t7 0 0 40 18 
tn16t7 0 0 39 9 

The values m Table 2 are then normalized to the mhalat1on pictures and shown m 

Table 3 The rnhalat10n tokens have been removed from the table 
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Table 3 Normalized values from video pictures The parameters are on the honzontal axis, photo 
1dent1ficat1on 1s on the verucal axis and normaltzed values take from measurements are m the cells 

CL GW EBP PSW CL GW EBP PSW 
sip I 0 0 82 41 fnc I t7 I 27 43 
stp2 0 0 74 30 fnc2t7 I 42 58 
stp3 0 0 76 4 fnc3t7 l 45 52 
stp4 0 0 76 36 fnc4t7 1 55 52 
stp lt7 0 0 1 23 54 fnc5t7 I 62 86 
stp2t7 0 0 1 I I 42 fnc6t7 I 41 69 
stp3t7 0 0 I 31 42 fncl 73 55 
stp4t7 0 0 1 24 48 fnc2 63 0 
stp5t7 0 0 I 59 48 fnc3 I I 63 0 
stp6t7 0 0 I 93 44 aprx I 0 0 I 57 
stp7t7 0 0 I 85 56 aprx2 0 0 I 09 62 
tnl I 0 0 I 25 8 aprx3 0 0 1 05 67 
tnl2 0 0 I 1 65 aprx4 0 0 I 05 57 
tnl3 0 0 I 14 68 aprx5 0 0 93 48 
tnl4 0 0 I 14 64 aprx It 0 0 I 46 61 
tn15 0 0 1 32 68 aprx2t 0 0 I 54 71 
tnl It? 0 0 I I 8 5 aprx3t 0 0 I 57 79 
tnl2t7 0 0 I 15 56 aprx4t 0 0 1 32 68 
tn13t7 0 0 I 3 I 63 aprx5t 0 0 I 32 65 
tn14t7 0 0 I 31 63 aprx6t 0 0 I 39 71 
tri15t7 0 0 I 3 I 38 aprx7t 0 0 I 29 58 
tn16t7 0 0 I 22 28 

The means, standard deviations and percent variation for each of the pharyngeal 

art1culat1ons are calculated and shown m Table 4 The GL and GW measurements are 

bmary, that 1s, for all pictures except the fncat1ves there 1s no measurement possible 

Consequently, these measurements distmgmsh the fncauve and are not shown rn Table 4 

Table 4 Statistics from normahzed values 

stats EBP PSW 
stop mean I 2 1 44 

SD 43 08 
vanauon 36% 18% 

aprx mean I 25 64 
SD 22 08 
vanauon 18% 13% 

tnll mean 1 22 59 
SD 08 15 
vanat1on 7% 25% 

fnc mean 1 19 59 
SD 41 14 
vanauon 35% 24% 
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The mean values for both EBP and PSW measurements, between consonants, are 

smular, suggestmg that these measurements alone do not d1stmgmsh the four manner-of­

art1culat1on consonants The only marked values appear to be the percent of variation For 

the epiglottal blade position (EBP), the stop and fncative articulations vary considerably 

more than the approx1mant or trill This 1s reasonable smce the required posture to mamtam 

trillmg, and avoid fnct10n (m the approximant articulation), would have to remam stable 

The pyriform smus width (PSW) should be more vanable for tnllmg smce the aryep1glott1c 

folds tnll mto the pynform smus space and m fact the values for the tnll vary more than for 

the stop and approx1mant 

D1scuss1on These video measurements are consistent and suggest that normalizmg of all 

measurements to the glottal measurement seen m one of the depths is appropriate The 

measurement used to normalize test data m Pamter ( 1986, 1991 ), Pamter et al ( 1991 ), and 

m this chapter is the glottal length Although the glottis is not seen m any of the test data 

for this experiment, the glottal length is used from mhalations because 1t is the most 

consistent and accurate measurement The first part of this chapter tests the validity of 

normahzmg a test photo, to a glottal length This 1s a valid method which allows for 

comparison between different photos, sessions and even speakers Measurements that are 

used to test normal1zat1on are taken from pomts which appear at two different depths m the 

pharynx 

The normal breath a subJect takes durmg speech 1s used for the normalization photo 

m this thesis because this act occurs often durmg speech and shows a maximally open 

glottis Takmg glottal length measurements from many mhalat10n photos during a session, 

and momtonng the camera depth externally, converts each test picture's measurements mto 

the same virtual depth 
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Smee the pharyngeal sounds m tlus expenment are proposed to be, according to the 

IPA taxonomy, varymg degrees of constnction, one nught expect this to be visible m the 

pictures Glancing at the photos m Figure 17, the stop, tnll and approxunant ' look' very 

sinular Differences that are v1S1ble between these still photos include The stop appears to 

have a more rounded closure between the epiglottis and pharyngeal wall compared with the 

tnll and approximant Also, the tnll has a 'blurred' aryepiglotuc fold that is caused by its 

vibration The fncat1ve is the most markedly different smce the glottis is VISlble through an 

mteraryteno1dal gap at the aryepiglottal level Statistical testmg of distances m the antero­

postenor plane (from the pharyngeal wall to the epiglottis), do not suggest that the stop, 

tnll and approximant pharyngeal postures, are d1ff erent 

Instead of varymg degrees of constnctlon m the antero-postenor d1mens1on, the 

pharyngeal stop, tnll, fncatlve and approx1mant appear to make use of the larynx pos1t1on 

below the aryepiglottal constnct10n because m the case of the approximant the view of the 

glottis is obscured, yet qmte normal voicmg is heard In the case of the pharyngeal stop, 

there may be complete closure between the larynx and the epiglottis along with full glottal 

closure For the tnll and approximant, the percent of vanauon m the EBP suggests that 

these art1culat10ns rely on precise pos1t1onmg of structures m the pharynx In order to 

mamtam tnllmg, the aryepiglottlc folds must be slack enough to vibrate and there must be 

adequate pressure from the lungs to set these folds v1bratmg The approximant, reqmres a 

posture that allows arr to pass through the narrow pharyngeal constnctlon and avoid 

causmg fnction 

A task for future research 1s to observe the larynx below the pharyngeal constncuon 

descnbed m this thesis With the tools available to the author, 1t 1s 1mposs1ble to see what 

the larynx 1s physically domg below the pharyngeal constnctlon X-ray, MRI or perhaps 

ultra-sound measurements along with video and acoustic measurements are necessary m 

order to observe behaviour below the pharyngeal sphmcter 
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Figure 3a. Stop b Tnll 

c Fricative d Approx.lillant 

Figure 17 Sample picture of each pharyngeal articulation 
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The phonetic segments exammed here are better defined by movement m the time 

d1mens1on and by pos1t1onmg of structures that are out of view Measurement of one still 

photo 1s more valuable for descnbmg general, pharyngeal and laryngeal postures that 

contnbute to v01ce quality settings, rather than phonetic segments The use of tlus video 

measurement m descnbmg v01ce quality settmgs 1s the focus of Pamter' s papers 

The investigation of pharyngeal constnction m this thesis also provides support for 

the pharyngealized voice quality setting That 1s, a long term vocal tract posture that 

mamtams constnction m the pharynx 1s possible smce, as we have seen with the 

pharyngeal approxnnant and tnll, the ep1glott1s and aryteno1d cartilages can be 

approximated while the vocal folds below vibrate Also, we will see evidence that the 

Hebrew speaker 1s section 3 4 possesses tlus voice quality settmg and consequently, his 

video pictures are difficult to analyze 

Smee speech varies over trme, one still photo does not descnbe how long 1t takes to 

produce a phonetic segment, nor does 1t descnbe the way structures move to get to the most 

constncted pomt A bnef exammat1on of duration, based on video frames showed that on 

average, the stop takes the longest to produce, bemg anywhere from 9-19 frames from the 

vowel through to the followmg vowel The approx1mant and trill, averaged about 6 frames 

and the fncat1ve 4 frames However, all of these consonants save the pharyngeal plosive 

can be sustamed, therefore, the number of frames 1s not very useful More mformatlon 

about the production of phonetic segments may be gamed from exammmg measurements 

from a sequence of frames rather than a picture of the most constncted pomt (see section 

3 4) However, observmg activity below the constnction 1s really necessary to complete 

the theory 

The parameter that 1s rrnssmg from the test pictures exammed here 1s depth of the 

larynx before, dunng and after the pharyngeal constnction Tlus mformat1on would 

provide evidence for raised and lowered larynx positions that are presumed to occur 

beneath the pharyngeal spluncter Larynx height 1s valuable for the mvestigation of voice 
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quahty smce Laver's v01ce quahty taxonomy has terms for raised and lowered larynx 

settings Also, there is a correlation between raised larynx and constnction m the pharynx 

as discussed earlier with respect to Eslmg et al (1994) Namely, Laver's raised larynx 

voice quahty setting involves the same posture as a pharyngeal1zed settmg, and the 

difference between the two settings 1s pitch related That 1s, a raised larynx setting would 

look surular to the pharyngeal postures exarruned here, except perceived pitch would be 

relatively high Pharyngeal constnctlon with lower pitch 1s perceived as pharyngeal1zed 

v01ce qualtty 

Titze and Story (1996) suggest that the space created between the larynx and 

pharyngeal constnctlon matches impedance between the glottis and vocal tract, thus causmg 

a drop in fundamental frequency of the vocal folds This 1s discussed in chapter 4 and trus 

effect would also contnbute, along with resonant frequency of the vocal tract, to the pitch 

relationsrup between raised larynx and pharyngeal1zed voice quality settings Of relevance 

to the phonetic sounds that have been the focus of trus thesis, we see in chapter 5 that the 

terms raised and lowered larynx, that can be long-term voice quahty postures, may function 

as d1stingmshmg segmental features in languages such as Bruu and Mpi and even Native 

North Arnencan languages 

The results of measurmg still photos imply that an analysis of a sequence of video 

pictures 1s necessary m order to descnbe the way the pharyngeal consonants are produced 

A sequence of video pictures for one utterance are exarruned m the following secuon 

3.4 Measurement and Movement 

The purpose of trus section is to map a sequence of video pictures with acoustic 

data in order to give more ms1ght as to the acoustlc effect of pharyngeal movement Trus is 

accomplished by captunng a senes of video pictures and the corresponding acoustic output 

The video captures movement at 30 frames per second With trus fact the researcher can 

gain a better estimate of where the video picture corresponds with the acoustic data The 
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data used here are the sequence [111] The sequence of pictures was captured usmg the Kay 

Elemetncs Rhmo-Laryngeal Stroboscope 9100 descnbed earlier, and the acoustic output 

correspondmg to the video sequence was captured direct from the video recorder mto a 

Sony model DTC-750 DAT recorder The video pictures were then transferred to 

CorelDraw and the audio was captured mto the Mult1Speech 3700 software package 

Along with the sequence of video pictures an mhalation picture was taken before and after 

the sequence Just to ensure that the scope has not moved markedly 

Analysis of the video pictures was designed to determme 1f the laryngeal openmg 

was less than(<), equal to(=), or greater than(>) 1/6 the openmg of the pharynx This 

value of 1/6 has been descnbed m Sundberg ( 1987) and Titze ( 1993), but m general, when 

the laryngeal operung 1s less than one sixth the openmg of the pharynx openmg the result 1s 

a tube that possesses its own resonant frequency as explamed m section 2 5 This ratio 1s 

easily measurable from the video pictures and thus, should correlate with changes m high 

frequency energy 

In order to detemune the ratio of laryngeal openmg to pharyngeal openmg, a clear 

plastic gnd was placed over the picture The laryngeal openmg was measured along the 

ms1de edge of the ep1glott1s, aryep1glott1c folds and aryteno1d cartilages The pharyngeal 

measurement mcluded the ms1de edge of the ep1glott1s and coursed out to the pynform 

smus, crossmg the attachment of the aryep1glott1c fold to the ep1glott1s Figure 17 shows 

the first four pictures that were measured 

There were 19 frames captured that correlated with the second example m a senes 

of productions of [111] spoken m the sentence "he rut [111] qmckly" The [fa] sequence was 

isolated from the captured aud10 data and measured to be about 1 second The 19 video 

frames captured correspond to O 63 seconds of time smce only a few frames of the vowel 

surroundmg the consonant were mcluded and not the entire [111] sequence In the sequence 

of pictures, there 1s a marked change m posture from frames 3 to 4 where the rat10 becomes 
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< 1/6 This change is sustamed for about 9 frames, or O 3 sec which corresponds with the 

marked change in formant structure in the spectrogram of the audio signal in Figure 20 

It is possible then, to correlate the formant behaviour with the video pictures withm 

a few rrulhseconds This is because the sounds m the sequence are extremes and, 

consequently, the formant behaviour can cue the researcher as to where the frame correlate 

m the waveform Specifically, the energy from 0-700Hz 1s expected to be low for the 

vowel [1] and energy between 1500 and 3000Hz is expected to be high This energy, 

which is composed of the first three formants, merges together as the sound goes to an [a] 

hke aruculat1on Thus, the changes m oral behaviour are accounted for by the first three 

formants leavmg the upper formants to correlate with the pharyngeal and laryngeal ratio, 

JUSt as Fant (1960) and Sundberg (1987) suggest 

Comparing Figure 17 with the spectrogram in Figure 19, the first 3 videos correlate 

with the begmrung of the marked portion Frame 4 has a ratio of < 1/6 and correlates with a 

marked drop m energy starting at about 2500Hz compared with the preceding frames All 

the frames that follow frame 4 have a ratio of< 1/6 and their behaviour 1s the same 

Unfortunately, the audio data from the laryngoscope only captures at lOkHz, consequently 

only formant mformat1on up to 5kHz is available From discussions m sect10n 2 5, It is 

necessary to have a good view of the data above 4000Hz m order to try and descnbe 

formant behaviour for pharyngeal articulations This closer exalIDilation of the video and 

acoustic data further suggests that the laryngeal/pharyngeal ratio has a marked effect on the 

upper formants 

Interestingly, data from a native Hebrew speaker was matched to the acoustic 

output m the same way as for the phonetician However, this speaker's ratio of <1/6 

occurred for far more frames than the entire acoustic sequence Two different video and 

audio sequences were captured for this speaker and both did not have a direct correlat10n 

between laryngeal/pharyngeal operung and acoustic output Exammmg the video of the 

Hebrew speaker, It appears that his voice quality 1s ma pharyngeally constncted pos1t1on 



Figure 18 The first four frames m the video sequence contammg [1] (the first 3 frames 
and the pharyngeal approx1mant (last frame) 
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Figure 19 Formant behaviour from the utterance that corresponds with the video pictures 
m Figure 18 The sharp change m formant structure 1s about O 3sec 
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Figure 20 This Hebrew speaker's larynx 1s lower as the epiglorus moves back compared with Figure 18 
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long before and after the utterance Therefore, the 1/6 ratio can be explained as the product 

of a long-term settlng rather than a bnef segmental art1culat1on 

Figure 20 shows the first four frames of the Hebrew speaker's data These frames 

have the least amount of constnctlon and appear to have occurred before the utterance was 

spoken The pictures show th.ts speaker's larynx is low as the epiglottis moves back 

toward the pharyngeal wall Smee the pictures had less than 1/6 as a ratio, and Hebrew has 

a natural class of post-velar sounds, it is assumed from the video and acoustical data, that 

th.ts speaker has a 'pharyngeal' voice quahty setting that is present more or less all the time 

In order to produce the pharyngeal consonant, th.ts speaker must raise his larynx up to the 

already backed epiglottis The phonetician, on the other hand, has his larynx and ep1glott1s 

meet m the middle 

Using the 1/6 ratio as a measurement does not necessanly mean that there will be a 

strong peak in the upper frequencies as Sundberg suggests, the posture that creates th.ts 

peak 1s likely more complex As we have seen, 1t 1s possible to raise and lower the larynx 

below the pharyngeal sphincter and 1t 1s hypothesized that a smger' s formant reqmres a 

balance between the laryngeal to pharyngeal opening and larynx height below 

3.5 Conclusion 

This chapter shows that it 1s possible to normalize measurements taken from video 

pictures to the glottal length of an inhalation picture taken dunng the recording sess10n 

Th.ts procedure converts all measurements so that all the test data pictures come from the 

same virtual camera depth, and thus, the pictures can be compared A further exarnmatton 

of the normal1zat1on techruque could test to see ,fa requested deep inhalation, hke the one 

Painter used, 1s s1gmficantly different from the normal breaths used here 

Measurement of a picture that represents the most constricted portlon of a 

pharyngeal consonant only shows d1stmgwshmg features m the fncative manner of 



articulation Consequently, 1t is necessary to consider other tlungs, such as what 1s 

happerung at the larynx while the pharyngeal sphincter engages 
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It appears that the manner of articulation for the tnll, approximant and stop may be 

created below the pharyngeal constnction as 1s evidenced by the view of the glottis dunng 

the fncat1ve and the approximant which has audible vo1cillg with no vlSlble glottis m the 

video data Also, the Hebrew speaker has a backed epiglottis most of the time durmg his 

speech and must use the structures below It is hypothesized and suggested by this data 

that the larynx can nse and lower while there 1s pharyngeal constnct10n, and it 1s this ab1hty 

that 1dent1fies the varymg manners of pharyngeal articulation produced here The only way 

to test this hypothesis 1s to observe the larynx with some other tool along with 

nasendoscop1c video and acoustic output 

The attempt to correlate the video data with acoustic output appears to be possible 

with the phonetician's data, particularly because the sequence that is exarnmed illcludes two 

extreme postures This allows the number of video frames to be mapped with the formant 

behaviour The mapping showed that the first three formants account for the change m oral 

cavity size Unfortunately, the mappmg made m this expenment does not help with 

descnbmg the effect of pharyngeal sphillctenng on upper formant behaviour because the 

audio that 1s taken from the video tape is captured at 10 kHz This samplmg rate only 

allows energy up to 5000Hz to be VlSlble It would be necessary m a future exarrunat1on of 

this nature to capture the audio data that corresponds to the video onto DAT for later 

analysis 
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Chapter 4 - Effects of Aryepiglottic Sphinctering on Vocal Fold 

Vibration 

4.0 Introduction 

The purpose of ttus chapter 1s to determme the effect that constnctmg the 

aryepiglott1c sphincter has on vocal fold vibration Motivation for this examination comes 

from Titze and Story ( 1996) who suggest that pharyngeal constnction, produced by 

constnct1on of the aryep1glott1c folds, alters vocal fold behaviour That 1s, narrowmg m the 

pharynx provides an area that matches the high impedance of the vocal folds with the low 

impedance of the vocal tract Matching IIllpedance should allow the vocal folds to vibrate 

more slowly by reducmg the oscillation pressure threshold, and this will be apparent m 

measurements of vocal fold behaviour 

The most direct vocal fold measurement techruque 1s via the electroglottograph 

(EGG) Var10us measurements can be denved from the EGG signal The most common 

measurements are quotients of openness and closedness These quotients measure the 

relative amout of ume the vocal folds are open or closed The quotient measurements were 

examined prelurunanly on the pharyngeal sounds used m this thesis and did not show 
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sigmficant differences between the pharyngeal sounds The voiced pharyngeal consonant 

values for open and closed quouents remamed stable and from thts, 1t wasn't expected that 

other permutat10ns of quotients would be valuable However, pitch, Jitter (pitch 

fluctuation), shimmer (amplitude fluctuation), and signal harmornc-to-no1se ratio (HNR) 

showed promise for descnbmg vocal fold behaviour It so happens that these 

measurements can also be denved from the acoustic waveform, makmg these 

measurements more appealmg to examme than quotients 

Jitter and shmuner are mterpenodic vanations m pitch and amplltude respectively 

and harmoruc-s1gnal-to-no1se (HNR) rauo reports additive noise that 1s m the acoustic 

signal (Bough, Heuer, Sataloff, Hills and Carter, 1996) Consequently, these 

measurements are generally used m 1denttfymg breathy or harsh voice qualities, however, 

the use of Jitter, shtmmer and HNR measurements with respect to cardmal consonant 

sounds are able to descnbe fncat1ve-hke behaviour with respect to a segmental distmct1on 

rather than a long-term voice quality effect 

As mentioned earller, aspects of pharyngeal constnctton have been observed m the 

hterature with respect to smgmg qualitles Titze and Story ( 1996), and Y anag1sawa, Estill, 

Kmucha and Leder ( 1989) have observed constnctlon m the reg10n of the pharynx that they 

believe 1s a desrrable posture for good smgmg quality Titze and Story ( 1996) m particular 

believe aryep1glottlc constnct1on, as descnbed m Y anag1sawa et al ( 1989), enhances vocal 

fold osc1llat1on by reducmg the amount of air reqmred from the lungs Less air from the 

lungs for dnvmg the vocal folds unplles a more efficient system 

Usmg mathematical modelling to predict the effect of constnction m the pharynx on 

the vocal folds, Titze and Story ( 1996) concluded that "a narrow ep1larynx acts a bit hke the 

mouthpiece of a brass mstrument, matchmg the high mtemal unpedance of the glottis to the 

lower impedance of the vocal tract and free space" (p 33) The observations of pitch 

changes between the pharyngeal approXlffia.Ilt and [a] vowel that are made m chapter two 

motivate exanunmg vocal fold vibration more closely Recent findmgs from other 
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researchers also suggest that changes m the vocal tract area function m the pharynx will 

have an effect on vocal fold vibration The measurements used for tlus part of the study are 

chosen because they can be applied to the greatest amount of data and show the most 

potential for accurately descnbmg the effect of constriction of vocal fold vibration 

4.1 Method and Measurement 

The data for trus chapter are examples the author collected on DAT of Eslmg' s 

cardinal pharyngeal consonants and mcluded examples of the pharyngeal sounds where 

raised and lowered \.01ce quality settmgs were supenmposed onto them The consonants 

were produced in either an [a] or [1] environment Some examples were also produced 

with a target pitch that was played before the speaker produced the sound sequences 

The language samples used were obtained from two databases, the University of 

V1ctona Phonetic Database (PDB) and the UCLA Sounds of the World's Languages 

(SOWL) The language data mclude speech segments from Ahousaht, Arabic, Agul and 

Hebrew and involves a comparison of voiced pharyngeal sounds and precedmg or 

following vowels All examples are voiced, smce the algorithms used to measure the 

electroglottographic and acoustic signals depend on vo1cmg There are statistical measures 

that may be useful in examinmg voiceless consonants m particular, called Spectral 

Moments (Forrest et al, 1988), however, this will be left for another mvest1gat1on 

The audio and electroglottographic (EGG) data were recorded onto a DAT usmg a 

Sony model DTC-750 DAT recorder All of the data were captured at 20 KHz and saved 

usmg the Computerized Speech Lab (CSL) The EGG data were initially processed usmg a 

laryngograpluc signal analysis program (EGG) from Kay Elemetrics Corp, however, the 

results are the same as the voicmg analysis routme m CSL, consequently, the vo1cmg 

analysis was used for these data 

CSL' s v01cmg analysis routme measures Jitter, slummer, average fundamental 

frequency and HNR Jitter 1s the term used for frequency perturbation and "1s the rat10 of 
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the short-term average pitch penod durations to the momentary pitch penod duration" 

(V1s1-P1tchII Instruction Manual p 50) Jitter 1s measured m % and 1s the average penod 

difference between consecutive cycles d1v1ded by the average penod, times 100 (Hom, 

1982) The normal range for Jitter 1s considered to be around O l-0 5% accordmg to Horn 

( 1982) Shimmer 1s the average decibel difference between peak amplitudes of consecutive 

cycles, and the normal range 1s considered to be from O 17 dB to O 39 dB (Horn, 1982) 

Harmomcs-to-no1se rat10 1s also a decibel measure that "1s the rauo of harmomcally related 

energy to noise m the speech signal" (V1s1-P1tchII Instruction Manual p 50) An ideal 

HNR should have high acoustic energy m the harmomc components and low m noise m 

between, the average 1s 11 5 dB to 15 12 dB (Hom, 1982) 

The settings for the v01cmg analysis were adjusted to account for a large vanation m 

fundamental frequency that 1s seen w1thm the data, and reqmred the tolerance parameter 

threshold m the v01cmg analysis to be set to 20 msec The offset parameter was adJusted to 

the 20K samplmg rate and was set to the lowest default value of 2 (CSL Instruction 

Manual) 

The v01cmg analysis results were analyzed statistically usmg NPSTAT, a software 

package d1stnbuted at the Umvers1ty of V1ctona Smee the collecuon of language data 1s 

relauvely small, and almost half of the examples are from one subJect, the non-parametnc 

Wilcoxon signed-rank test 1s used This test does not assume that the data are from a 

normal d1stnbution Also, the numbers are ranked and then compared rather than usmg the 

absolute value of the measurement The statisucal analysis compares audio and 

laryngographic data on various vowels with the ne1ghbourmg pharyngeal consonant 

Included m this companson are isolated examples of vowels and pharyngeal 

consonants provided by the phonetician The vowels [1] and [a], produced by the 

phonet1c1an are compared and analyzed usmg the same procedures as with the pharyngeal 

sounds and their ne1ghbourmg vowels This 1s done smce the vowel [a] 1s considered 

pharyngeal Petersen and Barney (1952) observe that for rugh vowels such as [1] the pitch 



1s generally higher compared with low vowels such as [a] Consequently, 1t can be 

expected based on past research on vowels that there would be vanat1on m pitch and, 

because [a] 1s considered a pharyngeally articulated vowel, the pharyngeal consonant 1s 

likely to show s1milar charactenstics to [a] Th.ts analysis of vowels gives a baselme of 

what to expect when comparmg vowels and neigbourmg consonants for cardmal 

pharyngeal sounds and natural language data 

4 2 Results 

Although the EGG software was not used for statistical analysis, 1t did provide a 

useful visual companson of the vowel and consonant waveforms The 

Electroglottograph.tc waveform for both the phonetician's pharyngeal tnll and the 

approx1mant are somewhat disturbed compared with the vowel example, Figure 21 

illustrates the waveform differences between the vowel (top waveform) and the 

approx1mant consonant (bottom waveform) 

1 78 sac 44 62>- 165 29 Hz > . " .. ., 

" . .. .. 
I I 0,...,,,~---.1,~~,._~,.....,,,, 

1 91 sec 55 ?SJ< 121 2 1 Hz > . " " ., 

i 
S C 

Figure 21 laryngograph1c 1llustratwn of a pharyngeal approx1mant The top waveform shows vowel 
production {a]and the bottom wavefom1 shows approx1mant consonant production {r] 
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The waveform m the bottom of the figure 1s more 'disturbed' than the smooth 

look.mg vowel waveform at the top This less than smooth nature of the waveform will be 

descnbed by the CSL v01cmg analysis performed on the data m this chapter The lowered 

amplitude could be from the narrow-walled pharyngeal constnction that 1s descnbed m the 

previous chapters, however, 1t could also be caused by the nsmg larynx which would 

move the EGG up consequently, losmg the signal 

In order to establish a baseline of what to expect with the pharyngeal sounds, the 

vowels [1] and [a] are compared Table 5 presents an analysis summary of the 

phonet1c1an's production of [1] and [a] The target pitch for the isolated vowels 1s 1 lOHz, 

trus target pitch was reached by playing a reference tone for the speaker The values 

obtained for the vowels are as follows 

Table 5 Values for pttch, Jilter, shimmer and harmonic s1gnal-to-no1se ratio for [1] and [o] 

mean eJtch Jitter shimmer HNR 
[1)-112 (frames) 112 193 0 692 0 378 11 455 
[a] 92 109 943 0 98 1 0 561 5 926 
[1)-110 112 068 0 747 0 272 10 340 
[a]-80 I JO 793 0 907 0 515 3 251 
[1]-Lx,113 112 187 0 707 0 083 6 334 
[a]-Lx, 106 110 044 0 721 0 120 5 693 
[1)-Lx, 113 111 931 0 731 0 086 8 337 
[a]-Lx, 79 110 397 0 674 0 111 5 519 
[1)-Rlx, 160 113 151 0 781 0 392 9 536 
[a]Rlx, 112 112 793 6 920 0 686 0 388 
[1)-Rlx, Lx, 160 113 107 0 281 0 134 6 263 
[a]-Rlx Lx, 111 111 815 0 307 0 I 33 8 512 

Note Normal range for Jitter 1s 5- I%, shimmer 17- 39 dB, s1gnal-to-no1se 11 5 dB to 15 l 2dB Rix refers 
to raised larynx settmg, Lx refers to the EGG signal Jtself 1s used for analysis 

The reason that values for the vowel data m Table 5 vary outside the normal range 

for Jitter 1s unknown The author was careful to make sure the impulse marks on the 

waveform were accurately placed, therefore, the results should be reliable Only the raised 

larynx examples fall w1thm the normal range suggested by Horn (1982) The values for 

HNR are qmte low also Only three examples fall outside the norm for srummer, all are the 

low vowel examples The numbers for Jitter and HNR 1mply that there was poor recordmg 

quality, however, the srummer and pitch values appear normal, particularly the pitch values 

smce a reference tone was played for the speaker The variation m pitch for the vowels 1s 

rrummal and can be accounted for by Titze and Story's (1996) discussion 

Stat1st1cal analysis to compare pitch between the two vowels reveals that, for trus 

sample, the probab1hty that 1t 1s by chance that pitch 1s rugher for the vowel [1] 1s O 00098 

This means, for these isolated vowels, that pitch for [1] 1s consistently and s1gruficantly 



higher than [a] The same test for Jitter and shnnmer values suggests that [a] has a 

consistently higher value than [1] And, for the HNR, [1] has a consistently higher value 

The vowel analysis 1s consistent with the literature with respect to the pitch bemg 

higher m high vowels (Petersen and Barney 1952), and suggests that findmgs should be 

the same m the companson between a vowel and its ne1ghbourmg pharyngeal consonant 

Values for pitch, Jitter, shimmer and HNR obtamed from the vowel versus pharyngeal 

consonant companson are sumrnanzed m Table 6 

Table 6 Values for pitch Jitter, shimmer and ham zomc signal-to-noise ratio for vowel/consonant 
com an son 
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N=29 Mean Fo Jilter c Sig/noise dB N=29 Mean Fo Jilter c S mer B Sig/noise dB 

ahol CCCI 15784 571 

ahol23VV17 235 131 

ahol 23C 177 966 

ahol23V 

are023V 

are023C 

are024V 

are024C 

are029C 

are029V 

are030C 

are030V 

are033V 

are033C 

are062V 

are062C 

mufagulV31 

mu\'aguJC3S 

mu\'arV 

mu\'arC 

mu\'arV 

for C 

for V 

nafar V 

nafar C 

nafar V 

Ja\'1mV 

Ja\:1mC 

Ja\'1mV 

217 722 

159 635 

104 428 

151 829 

136 876 

126404 

152 284 

131 944 

202 109 

189 394 

142 315 

195 865 

108 696 

269 33 1 

153 106 

206 022 

130 344 

195 369 

95 256 

102 214 

83 128 

79 424 

104 05 

107 116 

75 758 

21 8 216 

6427 

1 592 

I 823 

I 33 

7 28 

9666 

9277 

1 527 

I 65 

7 787 

I 508 

0728 

7919 

2 367 

5 707 

I 95 

3433 

0 63 

6404 

4 246 

3 591 

I 59 

3128 

5 938 

0 576 

3 749 

12463 

2 944 

1 523 

0462 

0 297 

0691 

I 781 

0 743 

2 572 

0 657 

0604 

I 347 

I 047 

0717 

1 962 

0741 

3 249 

0173 

I 112 

0401 

1 655 

0624 

1 795 

0432 

0793 

I 028 

0 86 

I 209 

3 073 

I 148 

4212 JheV 

4 155 JheC 

I 348 JheV 

11 13 JheC 

I 386 JheV 

6247 

3 316 

5 884 

4 73 1 

-0 127 

2 773 

7 427 

2 812 

-5 034 

4 26 1 

-2 682 

032 

3 588 

5 317 

0765 

0 38 

1 139 

2 658 

0 952 

I 701 

3 934 

3 689 

4409 

7 982 

JheC 

JheV 

JbeC 

JheTRILL 

JheV Lx 

Jhe CLx 

Jhe VLx 

Jhe CLx 

JheTRILL 

Jhe V 

Jbe C 

Jhe V 

Jhe C 

Jhe V 

Jbe C 

Lx/1/ 

Lx aprx 

Lx/1/ 

Lx trill 

Audio/I/ 

Aud1oaprx 

Audio/I/ 

Audio tnll 

7 I I 8 0 241 8 827 

147 007 

155 096 

140 888 

169 73 1 

141 176 

155 642 

132 653 

169 247 

123 85 1 

184 12 

111 554 

165 041 

105 152 

169 95 

120 267 

163 569 

117 904 

168 7 

137 104 

167 2 14 

121 112 

165 505 

152 8 15 

162 602 

126 08 

I 883 

1 986 

2 438 

09 

0674 

0666 

1 114 

4 123 

11 832 

0078 

5 575 

055 

20442 

1 048 

11 538 

1 227 

25 059 

1 37 

3 853 

3 966 

16 683 

I 152 

1 731 

I 174 

18 301 

I 305 

0324 

0835 

0255 

0 403 

0291 

0475 

0379 

I 68 1 

0 395 

I 565 

0 318 

2 948 

0235 

2 966 

0242 

4 512 

0 182 

0487 

0316 

2 394 

0242 

I 128 

0245 

4 842 

5 487 

7 133 

-4 97 

5 33 

-6 301 

3 505 

7 341 

5 594 

4676 

3 39 1 

5 551 

7 858 

5 843 

6 II I 

5 321 

7 978 

5 303 

5 526 

8 753 

9411 

4 99 

8 6 10 

5 223 

7 868 

4949 

Table Legend Jhe=phone11c1an, Lx refers to the EGG waveform, Rlx=ra1sed larynx se111ng, aho=Ahousaht 
language, are=Arab1c language the remammg are words from Agul (Caucasian) 

The language data vo1cmg analysis values that occur outside the established norms 

outlmed by Hom ( 1982) can be accounted for because the measurements are performed on 

less than ideal recordmgs, particularly with the SOWL data which will be discussed later 
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However, the vowel analysis above shows a vaned d1stnbut1on, and the data came from an 

excellent recordmg As suggested by Gelfer and Fendel (1995), the measurement of Jitter, 

shimmer and HNR are unstable and reqmre direct mput mto the analysis software for the 

most accurate analysis Also, Karnell et al (1995) show that there 1s var1at1on among 

vo1cmg analysis between different electroglottographic analysis systems However, m 

most of the data m this chapter the measurements are compared with a ne1ghbounng 

segment, and consequently the measurements are relative and do not depend on the 

absolute value Nor does the statistical analysis depend on the absolute value of the 

measurements 

An 1mt1al analysis shows that for all 29 examples pitch 1s lower for the pharyngeal 

consonant compared with the vowel precedmg or followmg For Jitter, 24 out of 29 

pharyngeal consonants have a higher value than for vowels Shimmer shows 28 out of 29 

consonant examples havmg a higher value, and for the harmomc s1gnal-to-n01se ratio 27 

out of 29 vowel examples had a higher value In order to mvestlgate the statistical 

sigmficance of these values, the W 1lcoxon signed-rank test was applied and confirmed the 

results are statistically s1gmficant Sumlar to the results for the analysis of [1] and [o],the 

pitch of vowels compared with pharyngeal consonants 1s consistently higher Jitter and 

shimmer have consistently higher values for the consonants And vowels have a higher 

value for harmomc s1gnal-to-n01se ratio than ne1ghbounng pharyngeal consonants 

4.3 Discussion 

A prehmmary exammatlon of the EGG waveform data, m order to determme 

pertment measures to be exarnmed on a larger corpus of data revealed that the EGG 

waveform values for quotients were not s1gmficant Smee the quotient values are not 

s1gruficant m the EGG signal and, 1t 1s possible to acqmre pitch and Jitter from CSL, both 

the EGG signal and the aud10 signal are analyzed m CSL This allows the mclus10n of 

shimmer and HNR measures Smee only a IJ.rruted amount of electroglottographic data 1s 
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available, 1t 1s valuable to have the capability of relymg mainly on acoustic data from the 

vanous languages m the analysis, thus prov1dmg more speakers and examples for analysis 

and companson 

One v1S1ble quality of the EGG exammation seen m Figure 21 1s that the waveform 

for the pharyngeal consonant is less smooth and lower m amphtude This 1mphes 

traditionally that harshness would be a perceived quality, however, based on Omon, 

KoJ1ma, Kakani, Slav1t and Blaugrund (1997), this may not be the case Their study 

shows how these two parameters can be ehrrunated, yet roughness 1s perceived based on 

sub-harmonic frequency These results are prorrusmg If aryep1glott1c constnct1on 1s 

considered desirable for good smgmg, smce the mcrease m Jitter and shimmer observed 

here would not necessanly imply a harsh or undesirable quality It 1s possible that the 

extreme pharyngeal aruculations exarnmed here mtroduce more d1srupt1on to vocal fold 

vibration than good smgmg and, thus causmg more extreme Jitter and shimmer values, 

however, this does not necessarily mean that these articulations mvolve harshness based on 

Omon et al Also, the great excursion seen from the normal Jitter and HNR values 

estabhshed by Hom make the use of these measurements questionable as descnptors of 

salient features 

The most consistent result from the analysis presented here is that pitch decreases 

dunng the production of postures that mvolve constnct10n m the pharynx The values for 

pitch, with respect to vowels, 1s predicted and supports the findings of Peterson and 

Barney (1952) whose work suggests that high vowels are generally higher m pitch 

Cons1denng Titze and Story's (1996) exarnmatlon and other s1mulattons run by Story 

(personal commurucatton), mtroducmg constnction m the pharynx lowers the fundamental 

frequency Story has also observed a small decrease m fundamental frequency for the [a] 

vowel compared with [1] , sirrular to the observations m this study The observations here 

fit well with Titze and Story's (1996) observations That 1s, more extreme constnctlon m 



the pharynx would impose a greater impedance load on the vocal folds (as descnbed m 

Titze, 1988), thus lowenng the fundamental frequency 
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This thesis also exammes some of the vowels produced m the Eslmg et al (1994) 

study, and found a shght vanation m fundamental frequency between the [1] and [a], 

similar to Story's observations Interestmgly, and consistent with Eshng et al (1994), are 

the readmgs for the vowels that have a supenmposed raised larynx voice quality, and that 

are produced with a target pitch of 1 l0Hz In these vowels, pitch 1s higher than the modal­

[1] vowel with a target of l l0Hz (Table 5) Consequently, this supports Eshng et al 's 

findmg that raised larynx settmg 1s associated with a n se m pitch 

Of s1gruficance to this study 1s that the comparison between the [1] and [a] vowels 

for raised larynx voice are consistent with 'modal' vowels and the vowel/consonant 

comparison That is, [1] has higher pitch relative to [a] no matter what the v01ce quality 

settmg Of mterest for further study, 1s the reason for pitch to mcrease for raised larynx 

voice The auditory quality of raised larynx voice reqmres higher pitch m order to be 

perceived as raised larynx (Eslmg et al, 1994) For a pharyngeabzed settmg, the 

impedance load effects should lower fundamental frequency Raised larynx voice then 

likely mcreases pitch by pushmg the larynx up to the level of the pharyngeal sphincter and 

ellminatmg the lillpedence matching space 

Shimmer and Jitter measurements for aruculat1ons that mvolve aryep1glott1c 

constnction show results that are consistently and s1gruficantly higher This 1mphes that 

when constnctlon 1s mtroduced mto the pharynx for the vowel [a] compared to [1], and for 

pharyngeal consonants compared to vowels, there 1s more pitch vanatlon and more 

amplitude variation 

Harmorucs s1gnal-to-no1se ratio is higher for non-pharyngeal constncted 

articulations This 1mpbes that articulations that mvolve aryep1glott1c constnction have less 

harmorucally related energy than non-constncted art1culat1ons Combmmg all the v01cmg 

analysis results shows that aryep1glottlc constnct1on lowers pitch but raises the modulation 
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of both pitch and amplitude, and mcreases the amount of non-harmorucally related noise m 

the acoustic and EGG signals 

These results can be generalized to a larger population because the language data 

includes male and female speakers, and each language example 1s spoken by a native 

speaker of the language It seems that the values for pitch, Jitter, shlmmer and HNR are 

useful in determlillng 1f one voiced speech articulation contams more aryepiglottic 

constnct1on than another It seems also that these measurements can be used either w1thln a 

certain speaker's production of vowels or consonants, or between different speakers with 

respect to consonant-vowel combinations since the measures depend on relative values 

Also, even with a larynx height voice quality setting supenmposed on vowels, an 

mcrease in aryep1glott1c constnction would be detectable based on these measurements 

That 1s, 1f raised larynx voice is supenmposed onto an utterance, the results should still 

show a decrease in pitch and HNR, and an mcrease m Jitter and shlmmer for articulations 

with increased pharyngeal constnct10n 

4.4 Conclus1on 

First of all, 1t should be noted that the voicing analysis measurements, with the 

exception of pitch, are somewhat inaccurate measurements, not only by the observations 

noted here but by the results of the Kamell et al (1995) and Gelfer ad Fendel (1995) 

studies, whlch illustrate the vanab1hty of these measurements between analysis systems 

and mediums However, in this thesis, voicing analysis measurements are compared 

between a vowel and a neighbouring consonant, therefore, the measurements are relative 

and even if the absolute measurement 1s mdetermmate, the relative measurements are 

consistent, and thus somewhat useful The statistical analysis method used to compare the 

sound segments also rrururruzes the inaccurate absolute measurements 

The voicing analysis measurements of pitch, Jitter, shlmmer and HNR used m the 

CSL package are valuable smce they can be used on either an aud10 signal or an EGG 



71 

signal and produce consistent results Also, these measurements from sounds that mvolve 

aryep1glott1c constriction compared with other types of articulations are consistent and 

statlstlcally significant That 1s, pitch, Jitter, shimmer and harmonic s1gnal-to-no1se ratio 

are measurements that can be used pred1ct1vely to determine 1f one sound contams more 

aryep1glott1c constnct1on than another These measurements, based on the1r statistical 

assessment, can be used on a smgle speaker, between different speakers, and on voices 

that have a quasi-permanent v01ce quality, such as raised larynx, smce the measurements 

are relative Also, the assumption that mcreased values for Jitter and shimmer imply 

harshness 1s not supported smce Jitter and shimmer values mcrease for the vowel [a] 

compared with [1], and 1t 1s not common that [a] 1s perceived as more harsh than [1] 

It appears then, that a shift downward m pitch 1s the most salient feature that 

identifies changes m pharyngeal posture The other vo1cmg measurements are consistent 

with respect to each other and with what 1s predicted, but the absolute values are unreliable 

This results study, similar to Karnell et al ( 1995) and Gel fer and Fendel ( 1995), question 

the use of Jitter, shimmer and HNR as measurements that descnbe speech features 
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Chapter 5 - Acoustic Language Data 

5 0 Introduction 

This chapter exammes real language data from an acoustic phonetic perspective 111 

order to determine to what extent natural languages use the different manners of pharyn­

geal art1culatton that are mvest1gated throughout this thesis In order to do this, languages 

that contam post-velar segments were isolated from two databases, the University of 

V1ctona Phonetic Database (PDB) and UCLA's Sounds of the World's Languages 

(SOWL) 

The theory of four manners of art1culat1on presented 111 this thesis will be tested 

acoustically usmg natural language data to offer the phonologist some fac ts to consider 

when assessmg how a language uses these sounds It 1s important to consider how a 

language uses the segment 111 the phonology 111 order to determme the status of manner of 

articulation Al-Am (1970), Catford (1983), Traill ( 1986), Jacobsen (1969), Bessell 

( 1992, 1993) and Krauss ( 1979) all discuss phonolog1cal evidence that motivates the 

111vest1gat1on of varymg manners of pharyngeal art1culat1on m Arabic, Caucasian, Afncan 

and North Amencan languages Consequently, there 1s evidence 111 the literature to sup­

port this acoustic phonetic exam111at1on 
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Both databases that were used to obtam language data are excellent resources for 

language data, the PDB 1s geared toward more expenenced lmgu1sts smce complete word 

lists, sentences, ston es and m some cases, songs are stored The PDB data 1s captured at 

either IO or 20 kHz and l 6-b1t quant1zat1on, thus the quality of d1g1t1zat1on 1s considered 

excellent even If the ongmal data were recorded m a n01sy environment The SOWL 

database consists of small amounts of data presented to illustrate mterestmg aspects of 

languages The data m this database are captured at 8kHz samplmg rate and 8-blt quanti­

zation, consequently there 1s noise associated with the quant1zat1on rate that contammates 

the data, makmg 1t difficult to analyse m some cases 

Not all pharyngeal segments m the databases were analyzed acoustically smce some 

pharyngeal segments were identifiable not by their acoustic quality but by their effect on 

ne1ghbourmg vowels This phonological quality of pharyngeal segments 1s one of the 

features that motivates the pharyngeals to be m a natural class along with uvular and 

laryngeal sounds 

In section 5 1, vanous acoustic and auditory descnpt10ns produced by other re­

searchers will be discussed, and 1t will be shown that their descnpt10ns comply with what 

1s observed m the cardmal consonant productions covered throughout this thesis For 

example, Bessell ( 1993, p 45) associates pharyngeals with creak, which 1s a very slow 

v1brat1on of the vocal folds The lowered pitch that 1s associated with pharyngeal 

sphmctenng (see chapter 4) accounts for this auditory assessment 

As we have seen throughout this thesis, the pharyngeal sphmctenng mechamsm 

may or may not mvolve the larynx nsmg up toward the ep1glott1s Bessel I ( 1993, p 46) 

shows a table that has an articulatory descnpt1on of/<,_/ and /h/ mvolvmg larynx height, or 

at least a laryngeal component This ability to move the larynx wlthm the space of the 

pharynx provides another potential d1stmct1ve feature, namely raised or lowered larynx 

A phonolog1cal discussion of larynx height as a d1stmct1ve feature can be found m Tngo 

(1991) Phonetic evidence of this 1s seen m the Mp1 and Bruu language data discussed 111 
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section 5 2 

Also m section 5 2 1s a descnpt10n of Agul, a language m the SOWL database that 

provides a good 1llustrat1on of post-velar sounds These sounds are used to test the fea­

tures observed m the previous chapters for the card ma! examples of pharyngeal manners 

of art1culat10n The Agul data could alternatively be mterpreted with larynx he ight as the 

d1stmgu1shing feature rather than a change m manner of art1culat1on 

The acoustical analysis of language data shown m this chapter provides phonetic 

evidence to support the hypothesis that there can be four manners of art1culat10n m the 

pharynx Acoustic evidence of larynx height adJustments suggests this may also be a 

d1stmct1ve feature available for phonologists to consider m the assessment of a language's 

use of pharyngeal sounds 

5 1 Acoustic Phonetic Support for Four Manners of Art1culat10n 

The Pharyneeal Stop 

Pharyngeal plosive-type behaviour 1s descnbed by Al-Ant (1970) as the more 

common a llophone of the voiced pharyngeal fncat1ve m Arabic Butcher and Ahmad 

(1987) m Iraqi Arabic identify alternatives to the pharyngeal fncat1ve as bemg either a 

pharyngeal approx1mant or stop art1culat10n These observations il lustrate not only pho­

netic evidence of the existence of a pharyngeal stop, but also the great vanat1on m pro­

duct10n of pharyngeal speech segments m general (Thelwall 1990) 

In the SOWL database, there 1s Egyptian Arabic data that shows the emphatic 

alveolar plosive and its contrastmg non-emphatic version The emphatic sen es 1s said to 

have a pharyngeal component to ,ts art1culat1on (McCarthy 1994), and consequently 1s 

exammed m Figure 22 for pharyngeal effects The first utterance m the spectrogram m 

Figure 22 1s the non-emphatic [t] m the word [ti n] meanmg 'mud' , the second utterance 

1s the emphatic [fl m the word [f1 n] rneanmg 'figs' Note that the formants m the em­

phatic version appear to be commg from an [o]-hke vowel (raised first fonnant (Fl) and 

lowered F2) This fonnant trans1t1on 1s much less marked than 111 the non-emphatic 
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[ti n] This spectrograph1c comparison provides evidence that the emphatic 1s produced 

further back m the vocal tract, however, 1t does not necessarily show 1f the production 1s 

uvular or pharyngeal This question of whether the emphatic senes 1s uvular or pharyn­

geal in place of art1culat1on arises from the hterature (McCarthy 1994) and from the 

d1scuss1on of the Hebrew post-velar sen es m Figure 28 

[t1 n] 

-~INJIHH►O . 

Figure 22 Arabic (Synan dialect) [lt n] compared with the emphatic [t1 n] The formant structure m the 
emphatic suggests the release mvolves post-velar constnct,on 

Figure 22 shows how pharyngeahzatJon can be app!ted to another consonant and 

the acoustic effect of such behaviour Figure 23 1s a Hebrew example from the SOWL 

database that shows s11mlar formant effects in the contrast between a glottal stop and its 

pharyngeal correlate In chapter two, the glottal stop was compared w ith the pharyngeal 

stop in order to illustrate the difference between these two similar sounding segments In 

this case the two are compared because McCarthy (1994) suggests that the glottal stop 1s 

in the same natural class as other post-velar segments 

The Hebrew data m Figure 23 show acoustic effects similar to Figure 22 In the first 

utterance of the word /for/ meaning 'skm', the fonnants m the pharyngeal sequence 

suggest the vocal tract was man [a]-hke posture, whereas the glottal consonant m the 

word /7or/meanmg 'hght', shows no formant trans1t10ns This acoustic comparison 

1dent1fies the differences between these two segments but does not help the phonologist 

with acoustic features that would suggest the glottal stop 1s in the post-velar natural class 
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Also in Figure 23, note the amplitude burst of the two Hebrew sounds compared 

with the card111al examples 111 Figure 3 In Figure 3, the s lope ampli tude m the cardmal 

pharyngeal stop 1s steeper than the glottal In Figure 23, the slope amplitude of the word­

m1t1al pharyngeal 1s less compared with the g lottal This suggests that burst amplitude 

does not define the pharyngeal from the glottal, for Hebrew speakers at least, and 1t 

questions whether this acoustic feature 1s salient 

Figure 23 A comparison of the Hebrew (Onental dialect) pharyngeal stop with the glottal stop The words 

mean 'skin' and ' light' respectively 

Rose ( 1976) descnbes a plosive 111 the Ahousaht dialect of Nuuchahnulth (Nootka), 

a Nati ve North Arnen can language Rose illustrates phonolog1cally that the/'./ alternates 

with /q/, the uvular stop, prov1d111g evidence for /'i./ as a plosive Also, Jacobsen ( 1969) 

argues that proto-Nootkan uvular stops merged to /'./ Massett Ha1da also conta111s a 

pharyngeal that apparently patterns similarly to Ahousaht and exh1b1ts, a stop-like art1cu­

lat1on acoustically (Bessell , 1993) 

Figure 24 shows formant trans1t1on evidence from Ahousaht (PDB) that supports a 

phatyngeal plosive interpretation for [n The formant trans1t1on at the begmnmg of the 

utterance shows FI and F2 d1vergmg from about I 000Hz, similar to the cardmal example 

There 1s evidence of pharyngeal art1culat1on m the middle of the utterance also The 
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fncat1ve portion has pharyngeal formant charactenst1cs The segment then changes to a 

region of less fnct1on so that there 1s almost no amplttude m the wavefonn but there 1s a 

hmt of energy in the spectrogram Aud1tonly, this sequence sounds like the speaker 

almost comes to a stop Acoustically, this sequence appears to be two segments because 

of the sharp change m acoustic behaviour and the region of acoustic stability of about 

l Oms following the [h] These two sounds must differ m manner of art1culat1on since 

evidence seen m the stable fonnants m the frequency domain shows that place of art1cula­

t1on remams the same This observation of acoustic stability along with the consistent 

formant behaviour through both regions of acoustic stab1ltty, lends support to Steven's 

(1972) Quanta( Theory Acoustically, the lowest amplttude portion must be a stop smce 

there 1s no perceptual category for a 'really weak' fncat1ve 

Figure 24 Evidence from Ahousaht of a pharyngeal fncat1ve and plosive The utterance 1s an 
onomatopoetic expression describing the sound ofweepmg 

The literature provides auditory reports of languages using pharyngeal stops and the 

languages analyzed in this section show acoustic evidence to support these observations 

The formant evidence suIToundmg the stop portion m the utterance suggests the vocal 

tract 1s constncted m the pharynx 
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The Pharyngeal Tnll 

Tnllmg-like qualities 111 the pharynx have been described aud1ton ly, 111 Hydaburg 

Ha1da (Krauss, 1979, m Bessell l 992), m 1Xoo (Trail l, l 986) and 111 this 111vest1gat1on 

with respect to Agul 1 (see section 5 2 for the Agul d1scuss1on) The Hydaburg Ha1da 

descnpt1on 1s an auditory description and not supported by an acoustic description to date 

Besse II ( 1992) has suggested that the Ha1da segment behaves more 11ke an affncate 

phonolog1cally, as mentioned m section 2 1 the amplitude release m stop-like sequences 

has been suggested as an acoustic cue for 1dent1fymg affricates However, with respect to 

the d1scuss1on of Figure 23, this feature 1s not likely salient 

In I Xoo, Traill (I 986) provides a video and acoustic description s11rnlar to what 1s 

seen 111 this mvest1gat1on Traill measured tnllmg-hke qualities that occur about 50 times 

per second, which 1s consistent with the cardinal tnll m this study Tra1ll's account also 

describes the apenod1c, or irregular nature of tnllmg that 1s observed here In Figure 25, 

1t 1s possible to see tnllmg dunng the strident vowel portion particularly 111 the second 

speaker's example of the word The tnllmg behaviour 1s v1s1ble 111 the waveform by the 

more broadly spaced pulses and 111 the spectrogram by broadly spaced vertical striations 

Also noteworthy is the low amplttude of the waveform during the vowel 111 question, and 

the formant structure which 1s consistent with pharyngeal constnct10n 

Figure 25 Pharyngeal tnllmg m the 1Xoo The word 1s k1~o meaning 'base', and 1s spoken by two different 
speakers 
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The tnll produced by the phonet1c1an m Figure 9 does not show as much irregular­

ity or fncat10n as m Figure 25, likely because the tnll 1s produced ma controlled manner, 

and 1t 1s produced m 1solat1on A speaker of I Xoo may show more regular tnllmg 1f asked 

to produce the tnlled vowel m 1solat1on In add1t1on, there 1s the mherent problem of 

quant1zat1on noise m the SOWL database which produces noisy spectrograms 

The articulatory descnpt1on of this tnllmg behav10ur m 'Xoo 1s descnbed 111 the 

SOWL database 1s as fo llows 

" The whole body of the tongue 1s much lower for the strident vowels, the 
back wall of the pharynx 1s drawn forward, and the epiglottis vibrates 
rapidly There 1s also a constriction between the part of the ton~~S: below 
the ep1glott1s and the tips of the aryteno1d ca1i1lages" (SOWL, 'xoo card 
111 HyperCard stack) 

Evidence presented throughout this thesis suggests that 111 this type of sound, the 

pharyngeal wall does not draw forward but rather the aryteno1d cartilages and the larynx 

as a whole tilts anteriorly The ep1glott1s itself does not vibrate but the aryep1glott1c folds 

vibrate, wbICh may cause the ep1glott1s to vibrate 

The use of tnllmg m 1Xoo 1s not as a consonant segment but 1s said by Traill to be 

a phonat1on type superimposed onto a vowel Thus, a phonat1on type 1s used as a d1stmc­

t1ve feature m this language This poses a problem for phonological theory smce the 

feature [voice] 1s no longer adequate for such phenomena That 1s, there are voiced and 

voiceless segments m this language along with ' vo1cmg due to aryep1glott1c fold tnllrng' 

for which there 1s no d1stmct1ve feature that 1s used m phonological theory In this thesis, 

the evidence of tnllmg capab1ht1es m the pharynx 1s what 1s pertment, leavmg the phono­

logical problem open for d1scuss10n 

Evidence that Ahousaht uses this tnlhng act1v1ty ,s found m the PDB Figure 26 

shows the Ahousaht rend1t1on of the "sound of a barkmg dog" The dark stnat1ons m 

between the dark bars 111 the spectrogram are argued to be aryepiglott1c tnllmg because of 

the spacmg that occurs about 50 times per second and the formant structure which 1s 

consistent with constnct1on m the pharynx 



80 

Figure 26 Ahousaht data of the onomatopoetic use of pharyngeal tnllmg, the sound m11rncs a bark mg dog 

It appears that at least two languages make use of tnllmg behaviour m the phar­

ynx One language uses a trilled segment as a sound m onomatopoetic expressions and 

the other language uses the segment as a vowel that differs from other vowels by some 

type of vo1cmg feature The new vo1cmg feature 1s both mterestmg and problematic for 

theoretical lmgmst1cs, but phonetically, 1t provides evidence for the manner of art1culat1011 

of tnllmg m the pharynx 

The Pharyn2eal Fncat1ve 

The pharyngeal fncat1ve 1s common 111 Sem1t1c languages However, as men-

tioned earl 1er, Butcher and Ahmad (1987) and Laufer ( I 996) suggest that the voiced 

pha1yngeal segment can also be realized phonetically as an approx1mant or a stop This 

evidence illustrates the phonetic vanab1hty of these phonological urn ts This vanat1on 1s 

hypothesized to be a result of the sound bemg produced m a part of the vocal tract that 1s 

not v1s1ble, so that articulatory cues that 1dent1fy the segment are not available to the 

listener 

An Egyptian Arabic example from the PDB 1s il lustrated m Figure 27 Figure 27 

shows clearly the fncat1ve portion of the consonant The formant structure throughout the 

n01se portion shows enhanced energy at about I OOOHz where F 1 and F2 merge, and a 

strong F3 along with strong upper frequency energy m general 
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Figure 27 The pharyngeal fncat1ve m the Egyptian Arabic word meaning 'one' 

Figure 28 shows a senes of post-velar fncat1ves m Hebrew (SOWL) The center 

example 1s the pharyngeal fncat1ve that shows apenod1c 'noise' with a merged first and 

second formant along with a strong third formant, suggestmg pharyngeal constnctton 

The lower fonnants then spht mto the [o]-vowel following 

The first utterance m Figure 28 1s the word, 'x 1m10', mean mg 'chemistry', which 

contams the uvular fncat1ve m the word mt1al post1on This sound contams a second 

fom1ant trans1t1on that starts at about IOOOHz This [o]-hke trans1t1on seen m the uvular 

presents a bit of a problem when compared with Figure 27 s111ce 1t could be argued acous­

tically that the consonant 111 Figure 27 1s produced at the uvular place of art1culat1on 

The challenge that these two Hebrew words present 1s to 1dent1fy the acoustic 

difference between the uvular and pharyngeal consonants Ideally, the first and second 

formants should be essentially one fonnant for the pharyngeal, however, the cardmal 

example 111 Figure IO shows that the pharyngeal consonant 111 the environment of the [ 1] 

vowel does not reach its merged FI and F2 state, yet 1t 1s percel\,ed as maximally pharyn­

geal The most prom1s111g difference between the uvular and pharyngeal consonants 111 

Figure 28 1s rhe third and fourth formants, which are stronger 111 the pharyngeal This 

formant comparison po111ts toward the need for an upper frequency model of vocal tract 

behaviour A valuable task would mvolve a perceptual and acoustical study of the effects 

of chang111g from uvular to pharyngeal art1culat10n 
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Figure 28 The Hebrew uvular, pharyngeal and glottal fncat1ves respectively, in word 1111tial pos1t1on 

Cons1denng for a moment McCarthy's proposal that glottals are considered to be 

m the same natural class as the post-velars, the third utterance m Figure 28 contams a 

glottal fncat1ve which shows that the glottal fncat1ve tmrrors the formants m the follow­

ing vowel The lower frequency energy 1s quite weak and there 1s a formant trans1t1on in 

the glottal at the 4000Hz mark The upper formant movement suggests that the key 

acoustic feature for the post-velar class may well be formant information m the upper 

frequencies Another acoustic feature that may identify the post-velar class 1s the pres­

ence of energy across the frequency spectrum, although the formant information m the 

glottal [h] 1s quite weak 

Figure 29 shows data from Ahousaht (PDB) and fn catJve behaviour with clear 

formants that correlate with pharyngeal-like behaviour, that 1s, Fl and F2 have merged 

The most notable pharyngeal effect m Figure 29 1s the presence of energy at the low 

frequencies The previous language examples m Arabic and Hebrew also show energy 

across the frequency spectrum, consequently, these data suggest that the entire vocal tract 

1s resonating 
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Figure 29 Ahousaht data showmg energy across the entire frequency spectrum for the fncat1ve consonant 
FI and F2 are qmte close suggesting pharyngeal constnct1on 

Figure 30 shows Avar (SOWL) language data that compares the pharyngeal 

fncat1ve with the glottal fncat1ve This 1s an ideal acoustic companson because the words 

are 1dent1cal except for the final consonant The pharyngeal fncat,ve m the second ex­

ample of the word man meaning 'odour', has stronger energy across the frequency spec­

trum compared with the glottal word mah meanmg 'bundle' The formant 111format1on m 

the 2000-4000kHz range 1s stronger and more defined, showing an upward shift com­

pared with the glottal The one quality that 1s similar between these segments, aside from 

the manner of art1culat1on, 1s the fact that both sounds have energy across the frequency 

spectrum, thus 111 both cases the entire vocal tract resonates This s1milanty may be useful 

111 prov1dmg phonolog1ca\ evidence that would motivate mcludmg glottals such as [h] 111 

the post-velar class 

Figure 30 The Avar glottal fncat1ve m word-final posmon compared with the pharyngeal fncauve 
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There appears to be plenty of acoustic evidence of the pharyngeal fncat1ve m the 

language data, supporting its status as a symbol on the £PA chart The questions that anse 

are What d1stmgu1shes the pharyngeal from the uvular art1culat1on? And, 1f the glottal 1s 

considered to be m the same natural class as the pharyngeals, then what 1s the d1stmct1ve 

feature that they appeal to? Evidence presented here suggests the upper frequencies may 

d1stmguish between pharyngeal and uvular sounds, and that the acoustic feature that 

mcludes glottals m the class of post-velars may be formant changes m the upper fre­

quency range or, the presence of energy across the frequency spectrum 

The Pharyngeal Approx1mant 

The pharyngeal approx1mant appears phonetically m Arabic (along with its many 

other phonetic variants) Bessell (1992) provides both phonetic and phonolog1cal evi­

dence for the pharyngeal approx1mant as a segment m Interior Salish Laufer (l 996) 

suggests that m Arabic the common voiced pharyngeal 1s actually an approx1mant and not 

a fricative It appears that there 1s no controversy among researchers that a pharyngeal 

approx1mant 1s possible This section will illustrate the approx1mant and the pitch feature 

that 1s observed m chapter four m the cardmal pharyngeal approx1mant 

Hebrew (SOWL) and Arabic (PDB) have clear acoustic phonetic examples of a 

pha1yngeal approxunant mterpretat1on for the [\'] Figure 31 shows the Hebrew example 

where there are clear stnat10ns that correlate with vocal fold behaviour The stnat1ons are 

more broadly spaced than dunng the vowel portion suggestmg a lowered vocal fold 

v1brat1on rate and thus, lower pitch This lowenng of pitch 1s predicted by Titze and 

Story based on their model of pharyngeal constnctlon and the lowering of vocal fold 

v1brat1on rate observed throughout this thesis 
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Figure 31 The spectrogram of the Hebrew /)/ in the word nafar The clear stnat1ons during the consonant 
suggest 1t ,s an approx1mant Slower v1brat1on and merging first and second fonnants suggest the sound 1s 
pha,yngeal 

The formant behaviour md1cates change m vocal tract behaviour compared with 

the vowels, and corresponds with the descnpt1on in section 2 5, that 1s, merging of the 

first and second formants at about 1 000Hz, and changes in formant behaviour m the 

upper frequency region 

Figure 32 shows Egyptian Arabic (PDB) data with s1rntlar charactenst1cs to He­

brew, m that there 1s distinct v01cing throughout the consonant portion Jn Figure 32, the 

vocal fold behaviour 1s slower and more fncat1ve-ltke, however, the fncat1ve behaviour 1s 

not as extreme as the examples in the pharyngeal fncat1ves (Figs 27-30) since there are 

v1s1ble vo1cmg stnat10ns throughout the consonant portion Also noteworthy in both 

Figure 3 1 and 32 1s the marked lowenng in amplttude 10 the waveform of the 

approx1mant durmg the consonant portion 

There appears to be ltttle debate as to the existence of a pharyngeal approx1mant 

as suggested in the literature and shown in Figures 31 and 32 The evidence of vocal fold 

v1brat1on dunng the consonant offers support for the segment being classed as an 

approx1mant manner of art1culat1on rather than a fncat1ve The slowing of vocal fold 

v1brat1on 1s consistent with the evidence presented in chapter 4 
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Figure 32 The Arabic word ra ~, The formant behaviour and slow v1brat1on suggest 1t 1s an approx1mant 
ote too the lower amplitude lll the waveform dunng the consonant 

This chapter has presented language evidence to suggest that languages use, at 

least phonetically, four manners of art1culat10n m the pharynx The following section 

discusses the use of four manners of art1culat1on with respect to one language that con­

tams pharyngeals as well as ep1glottals This language 1s also discussed with respect to 

the larynx height feature discussed throughout this thesis 

5 2 Agul and Raised Larynx as a D1stmctlve Feature 

This section presents the Agul language data which supports the use of four man­

ners of art1culat1on as well as larynx height as a d1stmct1ve feature The categorization of 

the Agul language data m the SOWL database offers a challenge to the pharyngeal 

behaviour theory proposed here, because the SOWL database makes a d1stmct1on between 

two places of art1culat1on m the pharynx, namely, pharyngeal and ep1glottal This 1mpl 1es 

that there are two regions m the pharynx that can act as places of art1culat1on The as­

sumption made m this thesis 1s that the pharynx acts as one place of art1culat1on with 

varymg manners 

In Agul, an 'ep1glottal plosive' 1s noted by Ladefoged and Madd1eson ( 1996) 

Figure 33 shows this sound with the first and second formant transitions going toward and 
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coming from about lO00Hz, and a strong thJrd formant The broadly spaced stnat1ons 111 

the spectrogram preceding the complete closure imply either a slowing of the vocal folds 

or 'flapping' of some other structures such as the ventncular or aryep1glott1c folds, de­

pending on the frequency 

Figure 33 The Agul plosive show mg the first and second formant merging at around I 000Hz 

Unfortunately, the g lottal stop 1s not represented in the Agul data to compare the 

vowel and stop lengths Attempts were made to synthesize the Agul pharyngeal stop 111to 

a more glottal sound mg stop m order to determme 1f the pitch, amplttude and vowel 

shortenmg effects are the salient features that d1stingu1sh glottal and pharyngeal stops 

However, 1t was not successful This failure to synthesize 1s due to the lower sampling 

and quant1zat1on rates of the SOWL data which are difficult for the synthesis algonthm to 

accommodate 

The Agul ep1glottal fncat1ve m Figure 34 and the phonet1c1an 's example of a 

voiceless pharyngeal tnll are similar aud1tonly The Agul example can be argued to have 

tnllmg-ltke qualtt1es in the spectrogram and waveform as seen rn Figure 34 The mea­

surements taken from this example reveal pulsmg at a rate of about 40Hz, which 1s con­

sistent with the cardinal pharyngeal tnll, and far too low to be due to glottal voicing 

produced by the vocal folds 

The tnlling mterpretat1on of this Figure could alternatively be argued that the 

larynx nses This would cause the formants to nse dunng the consonant. which could be 



argued to be the case 111 both Figure 33 and 34 r n fact, both tnll111g and raised larynx 

could be argued to be occurring 111 this example of Agul 

Figure 34 The Agul ep1glonal fricative with tnllmg-l1ke quaht1es The interval for the puls111g 1s about 
40l-lz 

88 

The Agul example of a pharyngeal fncat1ve 1s seen 111 Figure 35 In word-final 

pos1t1on the fricative shows energy across the frequency spectrum but no strong fonnant 

energy In the second word, the [h] 1s between the vowels /u_a/ and there 1s a formant 

trans1t1on that appears to be the second formant nstng toward about I 700Hz, this may be 

a trans1t1on from a more open vocal tract 111 /u/ to where the ep1glott1s cuts the cavity 111 

two for /a/ In Figure 34, there 1s a concentratton of energy at about I 700Hz which 1s 

associated with the thtrd formant and 1s somewhat lower than F3 This lowered concen­

tration of energy 111 the pharyngeal fncat1ve could be due to a lowered larynx setttng when 

compared with the ep1glottal tnll 111 Figure 34 

Figure 35 The v01celess fnca11ve m the Agul words muh and muhar 
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Figure 36 shows the pharyngeal approx1mant There ,s [o]-ltke formant behaviour 

but there are clear stnat,ons ind1cat111g the vocal folds are v1brat111g The spacing of 

stnat1ons 1s broader than dunng the vowel portion, suggesting the vocal folds are vibrat­

ing more slowly because of the 1mpedence matching quality of the aryep1glott1c sphincter 

BtM?MMMll■llll■fU'•Tlr 

mu \' or 

A &tW< I> 

Figure 36 The pharyngeal approx1man1 111 the Agul word mufor 

The preceding interpretation of the Agul language data suggests that four manner 

of art1culat1on m the pharynx can account for this range of post-velar sounds Language 

evidence from Mp1 and Bruu of larynx height adjustments also suggests that larynx 

raising may be a second d1st1ngmsh111g acoustic feature 

The theory of post-velar articulation presented in this thesis can also be considered 

with respect to the Daghestaman languages which have a full pharyngeal senes mcludmg 

uvulars which contrast 111 "vo,cmg, asp1rat1on, eJect1ve, strength. lab1altzat1on and palatal-

1zat1on" (Kodzasov, I 987) H1stoncally Kodzasov reports that, lh] goes to [h] and [?] 

goes to [\'] Along this continuum, laryngeals evolve to pharyngeals and pharyngeals 

evolve to ep1glottals Agam, this contmuum would be explamed, m the current theory, as 

a change m degree of constnct,on, or manner of art1culat1on or the 111clus1on of raised 

larynx along with all the other unusual contrasts mentioned m Daghestaman The phono­

logical use of post-velar segments m a language would likely reveal 1f the language 1s 

using a manner of art1culat1on contmuum or larynx height change 
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Other languages appear to use larynx height as a d1stmct1ve feature Mp1 and 

Bruu show acoustically that a raised larynx settmg d1stmgu1shes between sounds The 

term used to descnbe this effect m the SOWL database 1s 'laryngealtzed', but the acoustic 

effect of raised formants 1s clearly consistent with raised larynx as seen m Figure 37 

Ji} l : 
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Figure 37 Bruu and Mp, words that show the effects of larynx height adJustments, and the use ofth1s as a 

d1stmct1ve feature 

It appears from the acoustical evidence from Agul that the senes of post-velar 

segments may be a full set of manners of art1culat1on of pharyngeal consonants It 1s 

now the phonologist's challenge to test 1f the phonology corresponds to these mterpreta­

t1ons 

5 4 Conclusion 

The language evidence collected from the two databases (PDB and SOWL) sug-

gest that, phonetically, languages of the world use varymg manners of art1culat1on 111 the 

pharynx, and that larynx height could be argued to be a d1stmct1ve feature 

The Agul data m particular provide a descnpt1on of a language that uses a full 

range of post-velar consonants and can be interpreted as havmg varymg manners of 

pharyngeal art1culat10n Or, the ep1glottal consonants could be interpreted as pharyngeal 

with raised larynx as a d1stmct1ve feature The Mp1 and Bruu data provide evidence that 

larynx height 1s a plausible mterpretat1on, smce these languages use this feature 

Literature reports such as Laufer (1996) and acoustic evidence from Sem1t1c 

languages provide mot1vat10n for a pharyngeal fricative and approx1mant Evidence of a 
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stop 1s presented m Hebrew, Ahousaht and as a feature supenmposed onto a set of stops m 

Arabic The Arabic data Illustrates the pharyngeal feature of Fl nsmg and F2 lowermg 

and a strong F3 when 1t 1s combmed with another consonant The Hebrew data provide a 

comparison between the glottal which shows no formant changes on ne1ghbounng seg­

ments 

Smee the Ahousaht example 1s an onomatopoet1c expression, 1t cannot be said that 

the pharyngeal stop 1s used as a phoneme m the language, however, the noted features of 

the pharyngeal fncat1ve and its ne1ghbounng segment illustrate the acoustic stability of 

segments and the types of acoustic features that are considered when determmmg manner 

of art1culat1on 

The tnll 1s perhaps the most unusual segment auditonly and acoust1cally The use 

of 1t m I Xoo as a feature that 1s applied to vowels provides a umque vo1cmg feature This 

tnllmg quality 1s used paralmgu1st1cally m Ahousaht and thus provides weak evidence for 

Its use as a sound segment m the language, but more strongly suggests tnllmg as a voice 

quality feature Agul offers the best evidence to suggest this sound 1s a segment used m 

languages It 1s necessary to examme how all sounds m Agul pattern and then compare 

the post-velar sen es to determme 1f they pattern as four manner of art1culat1on Another 

confoundmg factor 1s larynx height which may act as a d1stmct1ve feature or as a quality 

that 1s mherently a part of tnllmg 

The change rn upper formant 111format10n appears to be the d1stmct1ve feature of 

post-velars The acoustic data for the uvular m Figure 28 shows that FI and F2 could be 

confused acoustically with the pharyngeal sound and poses a problem for d1stmgu1shmg 

between uvular and pharyngeal manners of art1culat1on It 1s hypothesized that the upper 

formant frequencies help to describe the difference between uvular and pharyngeal places 

of art1culat1on In the case of an approx1mant 1t could be argued that a drop m pitch 1s the 

salient d1stmct1ve feature 

What 1s left for further research, along with creatmg a model of upper formant 

behaviour, 1s how these different phonetic pharyngeal segments are used phonolog1cally 
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1n the languages that use these sounds Of specific interest 1s Are the different phonetic 

pharyngeal consonants separate phonemes, or alternates of one phoneme? The challenge 

will be to find a language that uses three or four manners of art1culat1on tn separate pha­

ryngeal phonemes The closest example of this 1s Agul, which uses multtple pharyngeal 

consonants The task for further research 1s to de term me how Agul makes phonological 

use of the set of pharyngeals as four manners of art1culat1on, or 1f the contrasts can be 

de cnbed more accurately with the feature raised larynx 

1 Hydaburg I la1da 1s a language isolate belongmg to the a-Dene phylum. 1 Xoo 1s a Khoisan language of 

the San subgroup, and Agul 1s a Nako-Dagcstaman language of the northeast Caucasus 
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Chapter 6 - Conclusions 

The five precedmg chapters have presented a theory that descnbes pharyngeal 

behaviour usmg IPA auditory classifications and Laver' s Voice Quality taxonorrues The 

tools that are used to provide evidence for this theory include a videonasendoscope, 

electroglottograph, and a collection of acoustical analysis algonthms such as Fast Founer 

Transform (FFT), Spectrograms, Vo1cmg analysis, Pitch extracuon, and Analysis-by­

Synthes1s These tools are used to exarrune one phonet1c1an's product10n of so-called 

cardmal pharyngeal sounds 

One may ask how reasonable 1t 1s to use one phonetician's product10ns of such 

sounds? The pnmary value of usmg a tramed phonetician to produce cardmal speech 

sound examples 1s that the subJect can actually produce the sounds This phonetician's 

examples of pharyngeal sounds provide a standard range of pharyngeal sounds that a 

human can produce It 1s expected that the language data will vary because of mherent 

speaker voice quality differences and difference that are a result of the speaker's native 

language or dialect, but the differences should occur m a predictable manner and vary 

around the parameters that descnbe the phonetician's cardmal pharyngeal sounds 

Chapter 2 provides acoustic analyses that support one place of art1culat10n for 

pharyngeal sounds and four manners of arttculauon Acoustic evidence suggests that there 

1s no need for an ep1glottal place of arttculat.lon and the '1Ideo data m chapter 3 illustrates 
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that only one physical area in the vocal tract that has speech articulation capabilities The 

cardinal pharyngeal manners of articulation show acoustic charactenstics that are consistent 

with manners of articulation in general The language data show that phonetically, 

languages use all four manners of articulation The question that remains for the 

phonologist is whether these manners of articulation are phonerruc uruts 

One problem that is solved by identifymg four manners of pharyngeal articulation 1s 

the recogrution of pharyngeal sounds in speech technology applications A speech 

recogmzer would have better success identifying the Arabic 'run', for example, if the 

recogmzer 1s aware that tlus phonerruc segment can be produced as either an approximant, 

stop or fncative 

Chapter 3 offers a normalization techmque that allows a quantltative video 

descnption of the pharyngeal consonants This techmque allows measurement m a two­

d1mens1onal image, however, the video data also show that larynx height is a charactenstlc 

of the production of cardinal pharyngeal consonants The acoustic evidence and 

unmeasurable visual observations, show that the larynx can move below the pharyngeal 

sphincter The range of laryngeal movement that IS possible could translate into a 

d1stinct1ve feature that can be applied to the cardinal pharyngeal segments and result m the 

perception of another place of articulation such as 'ep1glottal' It could be that the larynx 

height feature has confused lingmsts and resulted rn the mclusion of the epiglottal place of 

articulation on the IP A chart 

Having a sphrncter above the vocal folds 1s likely to affect vocal fold vibration, 

chapter 4 provides indirect evidence of the effect of pharyngeal sphmctenng by momtonng 

vocal fold vibratlon so that pharyngeal constnction can be identified on the bases of glottal 

source changes The effect of pharyngeal constnction on vocal fold vibration IS exarruned, 

using the voicing analysis measurements of pitch, Jitter, shimmer and harmomc-to-no1se 

ratio Although the absolute values of these measurements (with the exception of pitch) 

appear to be variable, the results of the analysis are predictable These measurements 
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represent pharyngeal constnctJon consistently m that pitch and HNR lower and Jitter, and 

shnnmer increase The pitch measurements m particular are consistently lowered when 

pharyngeal constnction 1s present, as predicted by Titze and Story ( 1996) Also, the 

laryngographic waveform of the pharyngeal consonant m Figure 21 shows more varialion 

that 1s represented by higher Jltler and shimmer values and lower HNR 

The language data m chapter 5 are exammed wtth the mvestigative tools from 

chapters 2 through 4 to show acoustic qual1t1es of pharyngeal segments that are consistent 

with the charactenzation of manner of art1culat10n The specific features mclude for the 

stops, a break m the waveform along with the first and second formants m the burst 

divergmg from around lOO0Hz, for tnlls, pulsmg that 1s around 50Hz For the fncattve, 

noise 1s v1s1ble m the spectrogram across the frequency spectrum and, consequently, there 

1s formant behaviour that shows Fl and F2 mergmg at about 1 OOOHz For the 

approx1mant, formant charactenst1cs are consistent with those seen m the fncattve, along 

with a lowered vocal fold vibration rate In the case of the fncatlve, tnll and approximant, 

there 1s marked amplitude lowenng m the waveform 

This thesis has covered a new area of research usmg a broad range of analysis 

techmques and there are questions that remam and issues that are vague One signal 

analysis that was not explored 1s the amplitude and pitch var1at1on over llme The Jitter and 

shimmer measurements exarnmed here are cycle-to-cycle vanations and smce they do not 

appear to be salient acoustic features, 1t is hypothesized that some other type of pitch and 

amplitude variatton may be more valuable That 1s, perhaps pitch and amplitude var1at1ons 

are more sahent when they create an amplitude cycle that repeats 10 or 20 times per second, 

rather than occurnng between vocal fold pulses This type of measurement 1s motivated by 

the observations made with respect to the uvular tnll m section 2 2 which shows the 

waveform amplitude repeatmg a pattern at 25Hz 

The cycle-to-cycle v01cmg measurements, m spite of therr unreliable absolute 

values, descnbe the effects of pharyngeal constnctlon on the vocal folds consistently That 
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is, pitch, Jitter, shimmer and HNR are consistent when used to measure sounds that are m 

the same utterance Also, these measurements are denvable from the acoustic waveform 

and provide consistent results with the EGG waveform The value of bemg able to 

examme the acoustic waveform 1s that a vanety of language examples can be exammed m 

order to determme if pharyngeal constnctlon is present 

Analysis-by-synthesis was used mm1mally here but could easily constitute a new 

study of pharyngeal place and manner of articulation It was difficult to determme how the 

pharyngeal stop differed acoustically from a neigbounng [o]-vowel thus, it was necessary 

to use the synthesis techmque to test what acoustic features are sahent to listeners Each of 

the cardmal pharyngeal segments could be tested by synthesis m order to confirm that the 

acoustic features that were measured correspond to meanmgful changes auditonly The 

results of thls thesis provides a systematic descnptlon of source and filter parameters that 

would help synthes1zmg pharyngeal sounds as well as pharyngeal voice quality settings 

The observauon of changes m the glottal source and formant charactenstlcs with 

pharyngeal sounds has shown that the present source-filter model of speech product10n is 

madequate The present source-filter model has the source as the sound whlch is produced 

at the glottis by the vocal folds, thls source is then filtered by the rest of the vocal tract 

The evidence presented here forces a modification to thls theory smce it shows that 

constnctlon m the vocal tract can affect vocal fold vibration Also, the acoustic and visual 

observation of tnllmg aryepiglottic folds shows that there can be another source of sound 

above the glottis The followmg block diagram illustrates how the pharyngeal component 

can be mcluded mto the source-filter model 

I Glottal Source I (Rest of Vocal Tract! 

This diagram shows that the glottal source sound passes through the pharyngeal component 

which may or may not affect the glottal source, and may act as a source itself, before bemg 

filtered by the rest of the vocal tract 
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The observed changes m upper formant frequencies for all of the post-velar sounds 

exammed here suggest that changes m the back part of the vocal tract are acoustically 

realized above the thrrd formant Current models of speech product10n have focused on the 

oral and nasal cavities and their affect on the resonance charactenst1cs of the vocal tract, 

even Fant's (1960) model that mcludes up to 5 formants does not charactenze the upper 

formant changes observed m the data m thts thesis Sundberg' s ( 1987) descnptton of the 

one-sixth larynx to pharynx ratio that contnbutes to the smger' s formant does not irnply 

that there will be a formant around 3000Hz Titze (1993) develops Sundberg's ratio 

measurement further to mclude that the length of the larynx tube must also be one-sixth the 

length of the vocal tract m order to create the smger' s formant Based on the observations 

m thts thesis T1tze's modification of Sundberg's ratio measurement 1s hkely to be a more 

precise descnpt1on of the posture necessary for good srngmg 

Also, the language data presented m chapter 5 reveal that changes m larynx height 

can be a d1stmct1ve acoustic feature It 1s shown from past research on voice quality 

settmgs that a raised larynx settmg 1s on a contmuum with pharyngeal constriction This 

correlation between v01ce quality settings 1mphes that there 1s an auditory and acoustic 

connection between larynx height and constr1ct1on m the pharynx that 1s likely to manifest 

itself m speech segments It 1s not clear from thts research how larynx height 1s used 

phonologically, however, 1t 1s plausible that all four manners of articulation can be 

produced with a raised or lowered larynx If raised larynx has been associated with the 

term laryngeahzed, as m the Mp1 and Bruu language data, then 1t may be the case that the 

glottahzed pharyngeal sounds m the Native North Amencan Intenor Salish languages are 

raised larynx pharyngeal manners of articulatton Smee no Intenor Salish data 1s exarruned 

m thts thesis thts quest10n remams open for future mvest1gat1on 

Investigating pharyngeal sounds with the video nasendoscope shows the larynx 

n smg and lowenng, however, the 1s a need for a quantifiable depth measurement m order 

to confirm thts sc1enufically The most practical method would be to mclude MRI, x-ray or 
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ultrasound along with the acoustic and video analysis used in this thesis Other methods 

for depth measurement were considered for this thesis but would have involved adding 

extra fibers or lasers to the fibrescope and then testmg and developing a measurement 

techruque The value of the measurement techruque that 1s developed and apphed m tlus 

thesis provides 1s that a quanutat1ve two-d1mens1onal analysis that can be used to compare 

movements m the pharynx between subjects and recording sessions 

The normal1zauon of video pictures that was apphed to video frames that 

represented the most constncted portion of a sound did not show s1gmficant differences 

between specific measurements for different sounds, however, the vanat1on m 

measurements proved to be sigmficant The vanauon m particular measurements showed 

that the pharyngeal tnll and approximant requue a much more stable vocal tract pos1t1on 

than a fncauve or stop These results are predictable smce 1t 1s hkely that the pharyngeal 

structures would have to remain stable for the tnll to mamtain tnllmg and for the 

approximant to avoid fnct10n The video measurements in general show that a one-frame 

analysis is more useful for determining vmce quality settings, as Painter has done, 

however, the depth measurement along with a video frame may provide enough evidence to 

descnbe vocal tract configurat10n for a speech sound segment 

It is necessary to observe a sequence of video frames in order to gain information 

about changes m vocal tract shape An attempt to analyze a sequence of video data was 

made in tlus thesis, and it was found that the picture sequence could be matched-up with 

the aid of the acousucal measurements relatively accurately Formant transitions between 

the vowel [1] and the pharyngeal approXImant helped to correlate the video picture sequence 

with the corresponding audio output It was shown that the v1S1ble formant mformat10n is 

accounted for by the oral movements and that the pharyngeal changes are likely represented 

by the upper formants A detailed analysis of upper formant behaviour was not possible on 

the sequence exammed here since the audio signal from the video tape had no acoustic 
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durmg the video recordmg rather than takmg lt from the video 
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The same correlation of a sequence of video frames with audio output was applied 

to data of a Hebrew speaker Smee Hebrew has pharyngeal sounds 1t was expected that the 

video data would show clearly the changes m the vocal tract for pharyngeal sounds 

Interestmg mformatton is obtamed from this analysis The video data of the Hebrew 

speaker did not correlate with audio output smce there were far more frames of video 

pictures than audio data for tlus speaker The results of this attempt to correlate a video 

sequence \'iith audio data provides evidence that pharyngeal constnction is associated with 

a v01ce quahty settmg, smce the Hebrew speaker had a relatively constricted pharynx most 

of the trme 

This observation of pharyngeal voice quality m a native speaker of a language that 

uses post-velar sounds implies that 1f a Hebrew phonet1c1an were used to produced the 

'cardmal' examples there would be a pharyngeal quality on all of the other speech segments 

uttered The phonet1c1an used for the data m t1us study 1s not a native speaker of a language 

that uses post-velar sounds, however, he 1s tramed with the IPA and Voice Quality 

taxonorrnes and provides a vahd standard for developmg a theory of pharyngeal behaviour 

The phonetician also produced the segments with the mtent of v1ewmg behmd the epiglottis 

to see what 1s happenmg at the larynx, w1uch 1s not always practical with the average 

speaker 

The discussions thus far and the results of this thesis, characterize the acoustic 

distmct1ve features of cardmal pharyngeal sounds This combmed with the articulatory and 

perceptual distmcuve features can be summarized as follows Art1culatonly, pharyngeal 

sounds are close to the glottis which suggests that there will be some affect on the vocal 

folds This 1s shown by the change m pitch and other features observed m chapter 4 

Also, the pharyngeal sounds are a combmauon of sphmctenng m the honzontal plane and 

vertical displacement of the larynx The larynx height feature was not specifically 
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exammed m trus thesis with respect to the cardinal sounds, however, the language data 

evidence and the relauonsrup of pharyngeal and raised larynx vmce quality settmgs suggest 

that examrnmg larynx height adJustments on cardinal pharyngeal sounds would be a 

worthwhile pursmt 

The perception of v01cing in relation to pharyngeal constncuon is hkely to be 

confused because of the interacuon of pharyngeal constnct1on and vocal fold vibration 

Trus 1mphes that there could be more distinctions among v01celess pharyngeal pairs m 

languages since the voicing d1stmct1on would be difficult to hear in pharyngeal sounds 

The glottal stop IS suggested to be a partner for the pharyngeal stop If a v01cing contrast 1s 

used phonologically in a language that has both of these sounds It IS necessary to further 

mvestigate how v01cing distmct1ons are determmed m the phonologies of languages that 

use post-velar sounds in order to clarify the role of v01cing in pharyngeal consonants 

Ult1matel y, classifying and understanding the acoustic results of pharyngeal 

behaviour and how humans perceive sounds made in this region of the vocal tract 1s useful 

to researchers who study languages that use these sounds and 1t can help in identifying 

vmce quality Trus combmed with the proposed changes to the source-ftlter model can be 

applied to such products as speech-to-text processors, speaker identification and 

venficat1on applications, and voice alteration applications 
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