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$UMMARY

West Greenfandic Eskimo vowel speetra have been investigated in carefully

pronounced words and in continuous speech, and spectral differences ob-

served between the two situations. spectra have been compared in two

consonan'bal environments - pharyngeal (uvular) and non-pharyngeal' In

order to reconstruct vowel articulatlons, reference has been made to the

three-parameter modef of vowel productlon. It is inferred from thís that

stressed vowels in non-pharyngeal environments would require pharyngeal to

vs[ar.-Donstrictions for f af , vefar for /u/ and palatal for /i/ , Fat the

allophones in pharyngeal environments, the necessary oonstrictions would

be low-pharyngeal for /a/ and uvular far /L/ and /u/. Fully reduced vowels

in non-pharyngeal envlronments would have uvular" to velar articulations

with fairly narrow degrees of constriction, and in pharyngeal environments

low-pharyngeal to uvular articulations with a narrower degree of constric-

tion. In both cases, the mouth-opening would have been less than moderate.

The regressiorr of vowel spectra from target to reduced is apparently mainly

associated with a narrowing of the range of mouth-openings, while there can

be some centralization of constriction locations to',vards the velar region

provided the degree of constriction remains smalf. An approximation to the

uniform tube does not seem to have been a likely configuration for this

informant's weak vowels.

I am indebted to Jörgen Fischel and Carl--Christian Olsen of topenhagen
University for practical assistance and for valuable discussions about
WG phonology.
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1. TNTRODUCTION

L.1 l/üe st Greenlandic Eskimo

1.1.1 W.G. Eskimo has three vowef phonemes, /u, j-, u/, but a fourth ab-

stract morpho-phclneme f¿/ "an 
be posited to expiain certain morphological

al-ternations. This abstract unit is expressed either as [i] c,r [a], merging

with the refLexes af /t/ and /a/. This investigatisn is based on the three-

phoneme solution, but it will not have biasecl the results to ignore fef

sÍnce its reftexes have no separate identity in speech. n/.G. has four con-

trasting articul-ations for stops, frsm front to back /p, t' k, q/' There

has been some dispute about the contrasting articul-ations of the back pair

- velar/uvular or palatal/velar. There is a back fricative fu f eorrespsn-

ding ta /q/. The informant's pronunciation of /q,u /sounded very retraeted,

probably below the velum, and will be referred to as "pharyngeal" ' The

question of whether it was at or below the uvula wilf be left open' A short

description af Eski-mo is given by HilI (fSSe: Appendix A).

1.I.2 When vowels precede [q] or [u], the body of the tongue is re'bracted

in anticipation of the consûnant artículation' Far la/ and fu/, this re-

sufts in cardína1 5 [a] and cardina] 6 or f [c] - [t] respecl-ively, while

palatal /i/ is said to be uvularized and sounds like a retracted cardinaf

3, I g] , or the plain back cardirra] 14 or 15, [^] - [T]. The exact descrip-

tion of this allophone has been a matter of controversy. It has been

transcribecl by Thalbitzer as [S] anci by Uldalt and Lawrenson as [O]

flawrenson f934)'

1.1.3 Investigation of the spectra of these vowefs may to some extent

clarify the problem of the nature of the vowel- allophones before [q] anU

[ul .
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1.2 ïranscription

The vowel allophones wil-l be denoted as follows:

position /"/ /i/ /"/

In pharyngeal environments
(nefore-[q] o" [o] )

In non-pharynageal environments
Ibefore consonants with anY
other place of articul-ation
than [q] or [u] )

u

a

;t O

L u

T. 3 The Investiqation

The investigatlon ie devoted to the following topics:

(") '5 4.L deals with al-Lophonic variatlon. The spectral and inferred

articulatory differences between vowefs in the pharyngeal and non-

pharyngeal- environments are considered separateJ-y far three different

situations: (i) stressed vowefs in carefulty pronounced words at $ 4'f'1,

(ii) stressed vowels in contiuous speech at $ 4.1.2, [iiiJ weak vewe]s in

continuous speech at $ 4.1.3. Articulations are inferred from the three-

parameter model of vowel production Icf, $ Z.SJ'

tU) S 4.2 deals with vowel- reduction. The progressive centrallzation of

spectra from stressed to weak vowels is considered separately for the two

major sets of allophones. Inferred articulations for the spectra of fully

reduced vowels are given in $ 4,2.2. The degree of correlation between the

first two formants of different renderÍngs of a phoneme is examined in

$ 4.2.3. In particular, the articulatory centralization associated with

the spectral centralization along the regression of the formant frequencies

for each phoneme is discussed in $ 4.2.3 [., d).
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(") $ 4.3 brings together the inferred articulations, and a rule is pro-

posed to generate [o], [+] and [o] from faf, /i/ and /u/ respectivelv in

pharyngea] environments. The place of articulation of the pharyngeal con-

sonants,hithÜrtoLnOpenquustloninthispapEriEalsodiscussed.

2. PROCEDURE

2.1 Informan t and Recordinûs

The informant is an adult maLe native speaker of the Holsteinsborg dialect.

He has recorded a set c¡f carefully pronounced isoLated words with stressed

vowels in pharyngeal and non-pharyngeal environments, and a passage of

continuous speech [a few pages from the novel "singnagtugaq" by Mathias

Storch). ffte recordings were made in the phonetics laboratory of Copenhagen

University. The analysis was carried out at Lund with a Voiceprint spectrum

analyser.

2.2 Speech meterial

2,2.L Single- word utterances

The carefully pronounced wards contained 30 stressed vowefs, as follows:

/a/ li/ /"/

non-pharyngeal environments

pharyngeal environments

5

"l

6

4

?

4
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2.2.2 Continuous spee.ch

(a) Analysis of the continuous speech was broken off after 262 phonetic

syllables. This gave 250 syllabJ-es containing vowel spectra, while the

remaj-ning f2 were rejected because their nucleí were carried by consonants,

for examplel

...pisinialeramik.. '

I n"r-+-tje* r 1cu-om-âic ]

"as they wanted themselves to do businesst'

cf, spectrogram at Fig¡. I a'

The informant's reaiiing was very informal and the speaking rate rather

fast - an average of 3?5 syllables per minute. The passage of continuous

speech is consequently characterized by consd.derabfe contraction of

syllables. For examPle:

(i) ...kÎnáinitdlp nai-unángileq .insmingnut' ' '

I tn--r nai*ne]-1o-"-,laq-e-rf ¡m-mln-êt ]

"and from their faces/was obvious/to themselves"

[U) .. 'qimáinardlusit uYaqut insmíkut" '

I q"- r'ma in*n0-1- , l ju-wrm-mekt ]

"simply leaving thenfwef ourselves"

cf. spectrogrameatFig 1 (br c)
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(¡) the 250 syllables contained the following vowels:

/"/ /i/ /"/

Strong, non-PharYngeal

Weak, non-PherYngeal

Ëtrong, PharYngeal

Weak, pharyngeal

Strong non-PharYngea1

Weak non-PharYngeal

Strong pharYngeal

Weak pharyngeal

a

52

25

48

15

10

B

f1fJ

18

38

2

14

(c) nlany of these vowels were severely distorted by the corrtraction of

syllables. The following smaller set of vowels is taken from syllables

that were without any doubt undistorted:

/,/ /i/ /"/

22

T4

15

?

7

T7

B

II

16

T2

2

I

These are the vowels used for Figs. Z [¡,c,e,f)'

2.3 Formant S

The spectra of all vowels were sampJ-ed once only at a point in time where

theywerepresumedmostclose}ytoapproachasupposedtargetspectrum

(denoted Fro, Fzo .,. tno), cf. Fíg 2,

2.4 Stress .'iudgemen ts

Levels of phonetic stress have been judE¡ed subjectiveì-y agaj-nst a three-

grade scale. The strong and medium greides a::e pooled in the results' The

numbers of stressed ancl lveak vowels have already been given abovet $ 2'Z'
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The stress ]evels "rf"t to sentence stress in the lnformantrs speech,

and not to any abstract underlying lexical stress categories.

2.5 Inferred articulatia¡e_

In an attempt to reconstruct articulatians for the observed spectrat re-

Dourse is made to the three-parameter model of vowel production [China anO

Kajiyama 1941, Fant 1960 and t968, Stevens and House 1955 and 1961)'

Aecording to this model, the resonator configuratj-cn can be specified by

(i) ttre cross-section area at the narrowest constricticin' Ao "*2, [iiJ tfre

distance of that poj-nt from the source, do cms, and (iii) the opening

area/length ratio , A/L cms, Particular reference is made to the data given

by Stevens and House (fSSS: Fig. 5) for contours of constant formant

frequency for different magnitudes of the parameters in an acoustic tube

simulation of the typical adult male vocal tract. Thi-s version of the

model has the tube radius at the constriction' rD cm., rather than the

cross-s€ction area î "o . Vocal tract cross-section areas eorrespondj-ng

to tube constriction radli are:

Constriction radius
in the tube

Corresponding cross-
section area in the
vocal tract

r 0.3 cm 0.6 cm 0.8 cm l.CI cm
o

2 2 2
O.3 cm 1.1 cm 2.0 cm a-l 2

CMA
o

The following points must be borne ln mj-nd when inferences are made from

this model":

[a) fne model assumes a constant tube iength. In human speech, a pa]ata1

gesture of the tongue l-ifts the larynx via the hyoid bone. consequently,

the vocaf tract is shorter fr:r palatal vowels, especially for [i-]. This

might influence the articufations j-nferred for palatal vowefs.
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IU) nn unknown quantity in this type of reconstructíon is the magnitude

of the cross-secti-on area Ao. Several alternative solutions must there-

fore be compared, for selected values of this parameter. It is often

possible to set a maxímunì permissible limit beyond which it is impossible

to generate given spectra. The effect of j-ncreasing Ao is gradually to

neutralize the parameter do and to reduce the total possible spectral

variatj-on. Fant f96O (Table 2.æ-f J gives the following constriction

cross-section areas for a set of Fìussian vowels:

o.as cm2 [o, i] t.o cm2 [o, u, å] . z.o cmZ [e]

This same range of cross-section areas will be used in the discussion,

except that the }ower timit will be set at Steven and House's smallest

deqree r = 0.3 cm [R = 0.3 ""2)'"o'o
For palatal constrictions, and to some extent velar constrictions, we

can expect the degree af constriction to be a func'Lion of jaw-opening

["f. the data quoted above for the Russian vowels where Ao was 0.65 cm2

for lil and 2.0 .*2 for /el), but For pharyngeal constrictions, the degree

of constriction can be small even with a large jaw-openins [Ao for the

Russian /o / was o . os cmz ) .

(cJ ffre model does not concern itself with the articulatory degrees of

freedom of the human vocal tract, ancl it is therefore capable crf making

combinations of parameter values that would hardly Úccur in natural speech.

The articulatory degrees of freedom are discussed by Lindblom and sundberg

IfSOS: |i ZJ. The same autho::s have also investiga'Led the acoustic consa-

quences of movements of the 1ip, tongue, javl and larynx [fSZf)" In the pre-

sent investigatinn, Iu] spectra are found which could be generated with a

constriction low in the pharynx, or Ii] spectra with an extremely large

mouth-opening. [ur knowledge of general phonetics would say that such arti-

culations are very unlikely for these vowels and would timit the choice of

acceptable inferences.
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[U) fne data given by Stevens a.d House is for a resonator with typical

adult male dimensions. But it is not certain that the informant is rep-

r.esentative of the typical- case. The pitches nf his second formant were

almost normally distributed about a mean of 1200 mels [1S25 HzJ when

sampledato.02Ssecondintervalsthroughthecontinuousspeech.Themean

of this clistrj-bution differs indivÍdually between speakers and is possibly

related to vocal tract dimensj-ons, If so, this informant's mean F2 pitch

(which is on the low si,de) might indicate that he has a larger-than-

averagevoca}tract.ThereisthenariskthatthemodelwÍlfunderestimate

thedistancefromsourcetocontrictionforthisinfarmant'especially

when this distance is targe - i'e' for palatal constrictions'

3. RESULTEi

3.1Fig.2|er.f)showstheFlo/Fz,areasofstr.essedvg]welsinthesingÌe

worciutterances,andstresserjandweakvoweisincontinucusspeech,for

pcst.vocalì-cnon-pharyngealandpharyngea}envíronments.Theareasrepresent

the full variation observerl for each pl-roneme - the only factors taken into

accounthavebeenspeakingsituation,stre$sandthepharyngea]"environ-

ment, for which spectra have been ptotted separately'

3.2 Fig. 3 shows the frequencies Fro' Fro and F3o of the stressed vowels

insinglewordutterances'rankedbyascendingFlo,forthenon-pharyngeal

andpharyngealenvironments.Therearethesame3ÛvowelsasfarFig2

(., u). rig.4 shows the frequencies Fror 
'?o 

and Foo of stressed vowels

in continuous speech, fanked bv ascenciinU Fro' for ncn-pharyngeal and

pharyngealenvironments.Fewervowe}swereavailableherethanforFig.

z tn, e) because F3 was scrmetimes weak ancl did nct always register on

spectrograms.
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4, DTSCUSSION AND I]ONCLU$ÏONS

4.r onic variation

4.I.1 Sinsle word utterances

(a),Fig,2 (a,d) shows that the three phonemes were spectrally wæll sepa-

rated in both environments. In non-pharyngeal environments, these spectra

were peripheral ta the total area used. In pharyngeal environments Fro was

l-ower for all- phonemes' and Fto higher for /i/ ana /u/ '

(O) fig. 3 shows the frequencies of the first three formants of the dis-

tinctive spectra of s'bressed vowels j-n the single word utteranEes, ranked

by ascending Fro. For allophones of /t/ and /u/, there was a clear drop of

Fro and FUo between the non-pharyngeal and pharyngeal allcphones. For faf,

however, there appears to be a continuum with t'io abrupt spectral gap

between the al-lophones. It is interesting to note thert Vt/G orthoqraphy

distinguishes between the allophones af /i/ and fuf, but not between those

afla/(i-*,u-0,aJ.

(c) Wtrat are the articulations that can be inferred for these peripheral

spectra? Fig. 5 a gives the piace of canstrictj-on and relative mouth-

opening for the non-pharyngeal enviranments, far three degrees af constric-
D.

tion. A smalf constriction (Ao = o'3 cm') would generate a]l the spectra'

l{ith wider constrictJ-orrs, some uf the spectra are cut off. For the inter-

nediate case, Ao = 1.1 crz, many of the passibile /u/ spectra wc¡uld require

constrictions low in the pharynx (a<,rio<" ? cms. ) whi,ch v,re might i.rrtuitively

feel to be unli-kely. Similarly, some of the fif spectra would require ex-

ceptionally J-arge compensatory mouth-openinge' In the largest uase quoted,

Ao= 2.0 crz, none of the /L/ spectra wculd be possibfe and much of /u/ ts

stift improbabiy low in the pharynx. It seems al-most certain that these twu
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phonemtss required small cûnstrictions, /u/ possibly more so than /Í/'

For /a/, however, while the smali constriction is essential fsr some

spectra, the effect of witjer constrictions is to extend the range of

constriction ]ocations up to the velum (+ < Oo{ 10 cms. ) and to increase

mouth-openings to the maximum. These are quite conceivabfe articuiations for

for the vowel qualities [a] anU [ee] (.f. Fi"g. 3J. The place of artieu-

Iation and mot¡¡th-opening can be summarj-zed as fol-lows:

/"/ /"/ /i/

distanee abcve
the glottis

region

5-8' cms.

pharyngeal
uvular

moderate
very }arge

7-iO cms.

uvufar
velar

srnall

8-11 cms.

( velar J

palatal

moderate
Iarge

t

mouth-opening

The constrictions for /i/ may seem unusuallyfarback' Passible explana-

ti-ons for this are [i) ttrat the pc-rint of reference, the glottis, 1s

raised for [i] ["f. $ 2.5 [")], [iiJ tfre informant mav have a l-onger-than-

average vocat tract [cf. $ 2.5 (U)], and (iii) a slightlv wider degree of

constrj-ction for f i/ tftan the minimum, intermedíate between 0'3 cmz and

l.] cmz, would cJive a location higher up the palerte [fig.5a shows that

increasing Ao has the effect of shifting the [i] constrj-ction nearer the

opening J .

(UJ fig. 5 b shows the corresponrling articulations for the pharyngeal

environments. The degree of constriction woulcl appear to be even more

critical here. Urlhen A^,> 0.3 cmZ, the fuf specbra become impossible, and
o

ô

the /a/ spectra cannç¡t be generated when AoÞ ].1 crn-'. The ftf spectra

have very simj.]ar articulations for Ao = 0.3 "t2 anrJ Ao = l.I cm2, but at

A = 2.A m2 ah* constrictiun woulcl ûo deep into the pharynx' Otherwise,
o

generally small-er ciegrees uf constrictj-on seem tc be necessary in this
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environment than in the non-pharyngeal environment. The place of arti-

culation and mouth-opening can be summerized as follows:

/"/ /"/ /il
distance above
the glottis

4.1.2 $tre

4-5 cms

low-
pþaryngeal

moderate
large

ssed vowefs in contin

5-8 cms.

pharyngeal
uvular

6-8 cms.

uvularregion

mouth-opening small moderate

Thís means that the place of constriction has been displaced 2 - 3 cms'

towarcls the glottis, in the pharyngeal- environments, relative to the non-

pharyngeal envir"onments. The displacement along the vocai tract is pro-

bably a little greater since the larynx is itself falling back.

h

[a) fi-g. 2b shows that the spectra used in stresseu non-pharyngeal en-

vironments were nearer the centre of the spectral space than those in the

single word utterances. The spectra fili out the whole centraf area, but

there is only insignificant overlapping. In the pharyngeal errvironments

(fi'. 2a) there is considerable overlapping of phonemes. The broken lines

on Fig. le enclose one isolated rerrderlng of /a/ - the remainder wËre con-

centrated to the area within the unbroken line'

iU) Fig. 4 qives the frequenci-es Fto, Fro and F3o of stres'sed vowels in

contínuous speech, ranked by ascending Fto' As in Fig' 3, Flo is higher'

in the pharyngeal environmBnts than in the non-pharyngeal environments, for

any one phoneme. ,Zo was still -lower for [*] than for [i], but Fao was not
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consistently Ìower [as it was in Fig.3). there was only a slight difference

between the allophones of /u/. But the [o] allophone of /u/ was hardly

spectrally distinct from ttre [*] aliophone of /t/ - in the cases where

overlapping of Fro ernd Fro has been observed, there was hardly any con-

trastive power in Fao.

Ic) fig. 6 a gives the articulatury contours far the stressed vowels .in

non-pharyngeal environments, for the same three degrees of constriction as

in Fig. 5. These spectra can all- be generated with constrictions up to
I

Ao = f.l cm-, which is a more generous limit than was the case for the

single.word utterances, $ 4.1.1 (r). trluch of the spectral area of /i/ is

cut off at A = 2.O "*2. Au was the case in the single-word utterances,
o

the /u/ spectra woul-d seem to require improbably low pharyngeaL constric-

tions when Ao> 0.3 c*2.0n the other hand, the gestures for /L/ and /a/

spectra at wider constrictir:ns are plausible - higher up the palate for

/L/ ana towards the velum and back of the palerte for /a/. The mouth-

openings are mueh the same at each degree of constrictiun. For two degrees

of constricbion, the articulati-ons can be summarized as foll-ows:

(i) ao = 0.3 cm2 /"/ /"/

distance above
the glottis 5-8 cms. 7-10 cms.

region pharyngeal
uvul-ar

moderate
large

pharyngeal
velar

uvular
vel-ar

smafl

/"1

/i/

8-11 cms.

I velar )
palatal
moderate

/t/

lO-13 cms.

mouth-opening

(t:-) no = l.t cm2 /"/

distance above
the gloi;tis 5-l-0 cms.

reg]-on palatal
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These are much the same articulations es were found above for the single

word utterances. The main differences are that mouth-openin gs were more

moderate in the continuous speech fsmal]er for /i/ and faf, often ]arger

for /u/), and that slightly larger degrees of constriction can apparently

be tolerated for the continuous speech spectra'

(O) f:-g. 6b shows the corresponding articulations for the pharyngeal en-

vironments. The overJapping of phoneme areas 1s equally evídent

here. The spectra that do not overlap, and which consequently still con-

trast require the smal]est degree of constrÍction. At larger degrees of

constrietion, vlrtually r-rnly the overiapping spectra can be generated'

For contrasting spectra, the place of ¿rticul-ation and mouth-opening can

be summarized as follows:

/"/ /"/

7-B cms.

uvufar

small

/t/

6-8 cmc.

uvular

moderately
smal1

distance above
the glottis

reglon

mouth-opening

4.1.3 ll'leak voweL

4-6 cms.

low-
pharyngeal

moderately
smafl

moderately
large

in continuous sPeechc

Figs. lc and lf show that there was considerable overlapping of the three

phonemes in weak syllables in both environments. comparlson of the two

charts shows that the spectra of weak vowels in pharyngeal environments

are still displaced to a separate area, with generally higher Flo tnd

Iower Fro than those in non-pharyngeal envirclnments. Ëpectral contrasts

are largely neutralized, but it wouLd be an over-simpl-ification to say that
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each phoneme he6 one weak allophone I e] in non-pharyngeal environments

and Bnother [c] in pharyngea] environments' Fig ' 2 (e'f) reveals some

semblance of a system, even 'bhough it 1s largely confused by overlapping'

4.2 Vowel reduction

4..2. I Sipec tral contrasts

The Flo/Fzo u""*u sf the stressed and weak vowels in continuous speËch have

already been seen at Fig'2 [¡, c' e' f)' fne focal point for vowel reduc-

tion in non-pharyngeal environments was not in the centre (towards say a

neutral spectrum of 50CI, 1500, 25OO etc. uz) trut higher up towards a

spectrum of 350, 1250 Hz. Many of the weak vowels, whabever the underlying

phoneme, did in fact sound like [u] ar [o]. fne areas for weak /i/ and la/

extend from this focus of vowel reduction towards the respective stressed

areas. The weak pharyngeal a}lophones had }awer F,o than the corresponding

strong renderings.

4.2.2 l.nferrad errtículations

(a) rig 7a gives the contours of articulation for the area of complete

overlapping of the weak vowels in non-pharyngeal environments (rig' 2")'

This is the area where vüwels are completely reduced and dístinctians

abandoned. constrictions wauld be lc¡cated 7-1tl cms' above the glottis' or

roughly from the uvula to the velum with the smal]est degree of constric-

tion; Ao = 0.3 c*2. W.ith wider degrees of constriction, a rarger range of

eonstriction locations becomes necassary to generate all the spectra in

the defined area. When Ao = 2'0 c*2 these spectra are theoretically just

possible if constrictions are located frsm 5 to 12 cms' above the glottis

-i.e.utilizingvirtuallythewholevocaltract.Ifccnstrictionsare
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even wider, sc¡me of the spectra are impassible ta generate. There are thus

two limiting situations - either (iJ ccnstrictions located in all parts of

the tract but with cross-sectipn areas up tc 1.5 - z.Ct cmz, or (ii)

centrafized constrictions located in the velar regian with smal-I cross-

sectic¡n areas.

The necessary mouth-openings vary l-ittle between the rJegrees of constric-

tion quoteU [0.1<A/l{,t.S cm), but the upper limit is lcwer than for

stressed vuwels. The mouth-opening tended to be smaller for weak vowels

than for stressed vowels.

In) for pharyngeal environments, Fig. 7b shows that the constriction, when

very small, is located about 6 - E cms' abcve the gl-ottis, or near the

uvula (somewhat lgwer than for the non.-pharyngeal environments). For wider

constrictions, the extra range of r1o i-s r:nly rlownwards into the pharynx

- there 1s no extension upwards into the palate. Further, stme of the

spectra are cut off when Ao> 1.0 t*2

[cJ fnis comparison not onJ-y indicates that the tcnguer constrictions ,:f

fully reduced voweLs wère deeper irr the pharynx before the pharyngeal

consonants, but al-so that there was less freedom for constriction size *

in pharyngeal envircnments Ao must be sma]Ler than in non-pharyngeal en-

vironments. It is also clear that many of the fully reduced weak vowel

spectra could not be generated j-n. a resonator apprcrximating the unifarm

tube [in Stevens and House's version ¡f the mode]-, the uniform tube has

¿
r = L.2 cm.. correspunding to A = 4.5 cm-O " O

4.2, 3 Correl-atÍqn bqtuleell_f1o_4d F2,.

Ia) fn a sample of Englísh continuous speech Idescription forthcoming) j-t

was found that there was a fairly good correlation between Flo tnd FZo

)
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for different r.enderingso.f a phoneme in a homogeneous environment. The

regressionsfordiffererrt phanemes were focutssed on the speaker's schwa

spectra and appeared to indicate the paths of reduction for phonemes in

a given environment. It is unfortunately difficult to find a suff icient

number of rendering4s in a :urely hnmageneous environment in the present WB

Eskimo sample of continucus speech, with only 25O syllables to choose from.

However it did prove possible to ex'bract a small set of syllables - weak

and strong - that excluded labial, palatal-, pharyngeal and lateral envi-

ronments - i.e, a míxture of dental and velar environments remained. A

further condition imposed on thr¿ selectj-cn was that these syllables shcufd

faithfully reproduce the underlyi.ng fr:rms Iphonetic sy]Iables such as those

given as examples of syllabrle contraction in $ 2.2 [and Fig. 1J can contain

features from a number of uriderlying syltables and are therefore open to

several sources of contamination).

(O) fig. Ba shows the number cf renderings, the product-moment correl'ation

coefficient between Ffo and Fro, and the regression of F'. on irro for

each of the phonemeslt Thes,- ,'oor,r*uions can be cclmpared with the areas of

ful-l variation in al-l envirîonments at Fíg. 2 (a-cJ'

* 
Th* cc¡rrelatj-ons and regressions given ert Fì-g. 8a must be accepted with
some caut1on becar-rse they a.re based cln such smail- samples of vawels.
A t-test gives the fr¡llowirrg slgnificance'levels {p) for these cLrrre-
lation coefficients Ir) and sample sizes:

/i/ /"/

vowels lO 7

T -A.4 +O '6

p 15 /o B'/

lr,ievertheless, they clo folfuw the tendency revealed in
sample of English continuüus speech referrerl to abcve '

6

+0.3

30%

the much larger
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(e) fig. 8b shows the artj-culatory contours for spectra along the regres-

sion línes, for three degrees of eonstriction' Considering each parameter

independently, we cen investigate articulatory centralizatíon correspon-

ding to the spectral centralization along the regression fines'

(iJ ffre main modificatÍon ttr the ressnator configuratiuns concerns the

mouth-openi.ng parameter Af:-. For all three phonemes, at any degree of

constrj_cticn quotecl, the centralizabion of spectra alrrng¡ the regression

l-ines was associated with clear eentral-ization of the mouth-opening to

Iess extreme positic.:ns, falling tc smaller than usual- far /r/ and /a/

[to about Aft = 1.0 cm., possibly relatecl to fai]ure to open the man-

clible) and ri-sing to wider than usual for /"/ (tc abuut aft = o,7 cm,,

possibly related to failure to ruund the fips)'

(iiJ f-ittle variation of the place of constriction would be necessary

ateachdegreeofconstricbj'on.exceptthatthereappearstobea

slight centralizing mavement of the place at the largest degree ot' con-

striction quated (most pronounced for /"/)'

Iii-i) A]] the spectra under consideration can be generated with Ao (

l_.1 cm2, and the main effect crf varyinq the degree up to this size is

to shift the constrictions of all phonemes higher up the vocal tract.

In additÍon, as alreacly observeci, there is the appearance cf some slight

centralization of the place of constrictii:n at larger degrees of con-

striction. But this apparent centralization is false since the range of

ccrnstriction l-ocatisns is larger when Ao is large [6( do( 11 cm' for

2A- = 1.1 cm*) tnan u¡hen it is smafi (z<oo( 9 cm' for Ao = o'3 t*2)'
o

The regression lines mark only the beginning of vewel reduction - they

caver the stressed vc¡wel areas ancl the distinctive parts of the weak vowel

areas [fiS. Z (ø, c). If the /i/ and faf regression fines a.e produced

towards a spectrum of 3so, lZ50 uz [ttre centre of the overrapping area on
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Fig. 2c, discussed at ç 4.2.2[")], the three-parameter model indieates even

further centralization of the mouth-opening around A/I = A,? cm' and now

also a defj-nite centralizing shift af constriction locations towards the

velum.

IO) fne following reconstruction r¡f the articu]-atory correlates of spec-

tral reduction is tentatively proposed:

(i) for the beginning of the spectral centralization, from the periph-

ery and half-way in to the centre, the movement of the lips and mandible

are gradually restrlcted to the middl-e range of mouth openings' Ao re-

mains smal1.

(ii) for the remainder c¡f the path to the centre with cr:mpl-ete loss of

spectral distinctions, there is continued narrowing of the range of

mouth-openings. In addition, there is either (i) some gradual centra-

lizatian of the ccnstriction l0cation towards the velum while the

cross-sectlon area remaíns smalfr orr Iii) tne cross-sectíon area in-

creases and the constrictions are scatterecl all along the vocal tract

as the cunfiguratian approerches the uniform tube. Intuitively, Ï pre-

fer the former alternative. This can only be speculation, but the

matter could be settled by cine-racliographic investigation of suc-

cessive vocal tract states during the vawels cf continuaus speech '

4.3 A pharynq eal vowel alloPhone rule

4.3.1 Articulations

(u) No nvironments

/"/ _ a pharyngeal constri-ction and large muuth-opening. Ïn some non-

pharyngeaì environments, faf spectra have been fc¡und requiring velar or
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slightly palatal constrictions. This [ æ] allophone rvill be disregarded now

since the inves'tigation has not almed a'b descrj-bing allophonic alternation

wlthin the non-pharyngeal environments. The basic constrictions uf /af are

below the velum, i.e. PharYngea}.

/i/ - a palatal constriction and moderate or larger mouth-opening.

/"/ - a velar constriction and a small mouth-apening'

(o) Pharyngeal- envircnments

/^/ - a pharyngeal (especially low pharyngeal) constrictian and large

mouth-opening.

1i/ - a pharyngeal (especially uvularJ constriction and moderate or larger

mouth-openi-ng.

/"/ - a pharyngeal (especialÌy uvular) constriction and smal-I mouth-open-

ing.

4.3,2 A feature framework based an the three-parame ter model

(a) TraUiti-onally, vowel .rticulaticrns are described according to the po-

sition of the dorsal hump in a quadrilateral relative to the roof of the

mouth, ignoring pharyngeal eonstrictions. This is only indirectly, and not

always predictably, related to the actual configuration of the vacal cavi-

ties (cf. Fant 1960: $ 2.æ). In particular, it is difficuLt to fit "uvula-

rization" inbo a framework that does not otherwise take intu account the

pharyngeal cavity. However, vowel articufations can be handl-ed in terms of

the three-parameter model, as has been done in preoeding sections of this

paper. Thís provides bette¡ Gorrespondence between the articulatory and

acoustic levels of description, and takes full account of the pharynx' An

added advantage of this approach is that the same place features are used
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for both vowels and consonants. Such a scheme w1ll be described in greater

detail in a forthcoming article, but its application to the Vt/.G. Eskimo

allophones will- be outlined here.

Io) place features. The vocal tract can h:e dividecl irrto three main re-

giclns with regard tc¡ the speech functions of its vowel uutput - the phar-

yngeal part, the velar part and the palatal part. These regions co¡re-

spund to the inferred places of articulation r:f the three vowel phonemes'

Radlographic evidence for the same tripartite division of the vocal tract

has been given by Lindbtom and Sundberg IfSOS, ]9?1J, who found three

basic families cf tongue articulations for Swedish vowels. Two featurest

palatal_ and E!rugl, can be combined in a binary system to denote the

three regions:

+palatal -pa1atal
-pharyngeal

+pharyngeal

For the allophones in the pharyngeal environments, it is necessary to

subdivide the pharyngeal cavity into an upper part (uvular, for /i/ anA

/u/) and a lower part [below the uvula, for /"/), according to $ 4.S.f[O)'

The feature !lY!@ makes this division '

["J [t4autl'r-openi features. A distinguishing feature of /u/ is the smafl-

mouth-opening ratin A/L associateci with lip-rounding, whil-e non-labial

/L/ and faf nave larger ratios, the dividing vaiue being approximately

Af:r = 0.7 cm. (rf . FiS. 5.l). This difference wiJ-l be denoted l-abial.

Further, the range .rf muuth-upeninr¡s was larger für f a/ tnan far f if ,

Cclfresponding to the traditiOnal features of "Open" etnd "cloge", Ür "fÛwtt

and "high". This difference wilt be dencted open. Combining the two fea-

tures labial and !@r three basic degrees of mouth-opening are obtained:

-labial
-ûpen

+labial- +olien
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tive features of W.

ynqeal environments. A minimum specification of distinctions is(") Non-phar

as follows: there are three vowel phonemes, one palatal (/i/) and two non-

paLatal (one labial, /u/, and one non-labial, /"/), This gives the follow-

ing scheme (/i/ being redundantly non-Iabial):

+Iab-

+ 1
Ir)

',4

Fig. 9a shows the spectra that can be generated within the l-imits of bhese

distinctlons. Line A-A' divides the spectral space into an area generated

with palatal constrictions and an area generated with non-palatal constric-

tions. Line B-B' divides the spectral space into an area generated with

lip-rounding and an area without lip-rounding. These lines have been plot-

ted as follows:

(i) ¡lne n-A'represents the spectra for do = 10 cms. Ittre palatat/velar

boundaryJ and the futl range of mouth-openings. The degree of constric-

tion is taken to t¡e a function of mr:uth-opening in so far as the latter

is produced by jaw movements. The cross-section area Ao has therefore

been increased in step with A/1, from Af- = 0,1 cm. and Ao = 0.3 cmz at

A to A/1 = 20 cms. and Ao = 3.L "*2 at Ar

(1t) tine e-e' represents the spectra for A/I = O'? cm' [the inferred

boundary between tabial- and non-labi-al mouth-openings, Figs. 5a and Bb)

and aLl places of constriction (+(Uo( 13 cms')' Degrees of constriction

have been chosen that are simifar to the Russian vowel data quoted in

$ z.s from Fant (rsoo) - 0.5 ct2 for a cfose palatal vowel and l'L cm2

for a cÌose non-palatal vowel (1.*. ro values 0.4 cm. and O.6 cm' res-

pectively on Stevens and Housets charts)'

pal
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Fig. 9 (0, c) shows the spectral areas of stressed vowefs from

Fig. 2 (., b) superimposed sn these'contrasting areas'

Ib) pharvngeal,eng.ironments. Jn the pharyngea] environments, distinctions

are maintained by conthasting a low-pharyngeal (non-uvularJ vowel [/a/) ana

two uvular vowets [one labial, /u/, and one non-Iabial, /¡/). Fig. 9d shows

the spectra that can be generated within the limits set by these distinc-

tions. The line t-C' marks the pharyngo/velar boundary' The line D-D'

dividesthepharyngealspectrairrtoanareageneratedwithuvularconstric-

tions and an area generated with constrictions below the uvula' The line

E-8, divides the spectral space into an area generated with lip-rounding

and an area generated without lip-rounding. These li-nes have been plotted

as follows:

[i) t-:-ne C-C' represents the spectra for do = I cms' and a small range

of mouth-openings [as inferred from the informant's spectraJ'Thedegree Of

constrj.ction has been set very small with small mouth-openings IAo =

0.3 cmZ and A/l = 0.1 cm. at C), and siightly larger with non-Labial

mouth-openings (Ao = 1.1 crn2 ror A/1)o'7 cm')'n/r = 10 cms' at cr'

(:.i) t-ine D-Dr represents the spectra for do = 6 cms' The other two pa-

rameters, A/I and Ao, have been set as for C-C"

[iii) Line E-E' represents the spectra for AfI = Ú.? cm' in the pharyng-

ea' area. Ao has been set at 0. b c*2 (it was inferred from the infor-

mant,s spectra that Ao vlas probably smaller in pharyngeal environments)'

Fig. 9 [",fJ shows the spectral areas of stressed vowels from

FiS. Z [4, e) superimposed on the contrasting areas'
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(c) Flll feature specifications. A complete redundant specification, ec-

cording to $ 4.3.1 [a) and using the features outlined in $ 4.3.2, is as

follows:

/^/ /t/ /"/

palatal

labial

pharyngeal

open

+

+

+

+

(rr )

and in pharyngeal environments according to $ 4':'f [n):

/"/ /i/ /"/

palatal

l-abial Irrr)
pharyngeal

open

uvular

¿l,3.4 The

This rule transforms the feature matrix (rrJ into Irrr) before pharyngeal

consonants.

Ia) Vowels assume the same place of constriction as the following consonant:

+

+

+

+

+

+

+

eal a1l-op!glg--{u}e.

+sy1
-cn5 ------+i

I
!.," l ¡*D

I.a ! i +cnslheJ i 
*---i+pr'a*l

t'

(rv )

[n) ffre place of arti-culation:-n [fV) must be adjusted to gi"ve the exact

location of the constriction - at the uvul-a for /íl artd fuf, below the uvula

far la/. A suitabl-e sofution would be an alpha-rule, where the sign of the

feature [uvular] is determined by some characteristic distinguishing fa/

fran ftruf, There are several possibilities:
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(i) /"/ iu gi@ palarar nor labial, whil-e /Ll and f uf ate gæ pa-

latal or labiaì. A rule based on this differenee is tricky to formulate'

bu.t one possibility is the following unorthodox adaptation of the

alpha-environment conventian IHarms 196d:?1):

\
i'-pdl \i-labi/L )/

(1;t) /a/ is redundantly [+pharyngeat] prior to the transfo.mation, cf'

(tïJ auove, while /i/ ana fuf are f-pharvngeal]' This gives

[:xpha] ----) [-'.uvu] [vr)

[:-ii) /a/ ts redundantty [+open], cf . [rr) anu (rrr) above, whll.e fí/

and /u/ are [-open]. This gives:

[+opn] *-----ì [-ouvur] (vrr J

SolutÍons (Vf) anU [Vff) are much simp]er than [V), nar do they require any

new convention far expanslon. Whi-ch of [Vf) and [Vff) is to be preferred?

It is possible that ther.e is a universal relai-ionship between the openness

of a back vowel and the lowness of its constriction in the pharynx. If sct

a rule based on [Vtl ) would not only generate the desired output but wou]-d

also express a general phonetic fact. For a complete rule, (fV) anO [VffJ

have been combined:

+syl
i- +cns-l
l_+nhaJo(opn

4.3.5 Consonant adju$ tment

It has previously been inferred tirat the pharyngeal vowel allaphones pro-

bably had fairly small degrees of constriction. This means that the tongue

bulge would be very close to the posterior pharyngeaf wa1l. The constrj-ction

iX -'--') [-tr uv'] [v)

-CflS -----s [ +ntra-l
/ | -¿tuvu I

(vrrr )
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for /a/ is lower than that for /i/ or /u/. It is a reasonable question to

wonder whether Ii) tfre consonant eonstriction fo]-lowing /a/ wi]l also occur

Iow in the pharynx opposite the bulge (a tongue movement of a few milli-

metres, possibly a continuation of the same musGular effort that is depres-

sing and retracting the tongue for the vowel), or [ii) whether the conso-

nant constriction following faf wouLd be higher up, 1n the uvular region'

according to the standarri description of these c¡:nsonants as uvulars' (mea-

ningmorecomp}icatedmuscularactivityinvolvingrelaxationofthe}ow

vowel constriction ancicreation of a new bulge a few centimetres higher up)'

AssimiLation of the consonarit to the plaee of articulation of the vowel,

aecording to the fÍrst alternative, ís not improbable' The very grave qual-

íty of the informarrt's pharyngeaf consonants has already been remarked on

inthispaper.Somefurtherindicationisgivenbytheinferredconstrj.c-

tíon locations for formant transltion terminal spectra in the following

words:

word svllabLeæ

aqigsseq

cF' 1t' '2t

800, rãoa Hz

625, rooo Hz

f\o, 1l-50 Hz

750, 1125 Hz

b?3, 1075 Hz

500, l0to l.lz

500, IOOO Hz

45O, 1050 Hz

inferrecl d

cms

cms

cms

7 cms

o

5 cms

aqo

arqa

qajaq

ikeq

eqeq

aq-

aq-

arq-

-jaq

-kecl

eq-

-qÊq

neq-

6

A

5

6.5 cms

7 cms

7.5 cms.
neqe

A very smafl degree cf constriction has been assumed, the ccnstríction being

minimal the moment before ful] consonantal obstructicn' The inferred con-
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sonant locations are lower after /"/ (do 5-6 cms. ) than after /i/ (Oo O-Z

cms. ). n consonant u tment rule assimilating the consonant

constriction to the vowel- constrictiorr.,might be as follows-:

l"-+cn6'l

[+or''rJ
f"+ntral
i c(uvuj

(rx)-----+ f,xuvu]

giving lower consonant constrictíons after /a/. This is the extreme oppo-

site of the rival view, that the /X-q/ opposition is a palatal vs' velar

contrast rather than velar vs. uvular, The above interpretatíon of the

acoustic data not only suggests Lhat' /q/ and þ f are sub-vefar, but also

that the place of articulation may occur anywhere in the pharyngeal cavj-ty

- at or below the uvufa - depending on the preceding vowel. The evidence

for this may segm slender, Lreing based on a small sample of speech from one

informant, but the point could be settfed by referenoe to radiographs'
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