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HAT DAS DEU TEJGHE zuGRUN IEGENDE TEN?

untersuchung, initiiert durch l¡v.u.wurzels "studien zur deutschen Laut-

struktur" in Studia Grammatiea VIÏI'

Hobert Bannert

CRÜNDE DEF FRAGESTELLUNG

Wurzels $tudien zur deutschen Lautstruktur sj-nd ein erster, begrüssenswer-

ter versuch, die phonologische und vor allem morphologische EieÍte des

Deutschen im Sinne der generativen Grammatik nach thomsky und Halle IrSoe)

zu beschreiben. Die vorliegende Diskussion ist das Ergebnis einer spontanen

Reaktion auf die Behandlung der stimmhaften Spiranten in Wurzels Liste des

Gystems der zugrundeliegenden Konsonanten im Deutschen (üJurzel, 248)' Oes-

halb íst sie nicht als Gesamtkritik vcn wurzels Studien zu betrachten' sie

beschäftigt sich nur mit den vcn ihm aufgestel-l-ten stimmhaften spiranten

/z/ und (/{/). Alles andere der Studien b}eibt deshafb - wenigstens einst-

weilen noch und wenn ni-cht ausdrücklich anders erwähnt - stehen'

Im folgenden versuche ich, eine andere und viell-eicht plausiblere [Jar-

ste]-Iung der Spiranten im System der zugrundeliegenden Konsonanten des

Deutschen zu geben als WurzeJ. lVenn man die Aufstellung des Ksnsonanten-

systems auf s.248 betrachtet, fallen einem unwillkürlich zu¡ei Dinge auf:

zum ersten fehtt die stimmhafte labiale s¡pirans fvf, während fzf einen

platz einnlmmt unci zum zweiten .steht /"il i" Klammern. Vüarum diese Asymmetrie

bei den stimmhaften SPiranten?

ptk
bds
fsx

' tl)
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An verschiedenen stellen im Text finden sich Hinweise auf diese Tat-

sachen:

L. "Das durÇh die Eliminierung eines zugrundeliegenden Iv] entstehende

',Loch', im Eiystem könnte zwar "unschön" erscheinen, belastet aber' ieden-

falls im konkreten Fall, in keiner Vueise die Ëeneralität der Ërammatik"

(s.zao).

Z. Bej- [z] sei keine "explizite Behandlung ihrer Problematik notwendig",

während die palatale und die labiale $pirans eine von den anderen spi--

ranten unterschiedliche Stellung irlnerhalb des Systems cier deutschen

Konsonanten einnehmen [â.244),

3. "Das zugrundeliegende gegment /T/ unterschnidet sich von allen anderen

bisher behandelten durch sein sehr g¡eringes Vorkommen' Es nímmt i-m

deutschen Konsonantensystem eine besondere Stellung auch deshal-b ein,

weil es nur. postvokal-isch, nicht aber prävokalisch, d.h. also im Anlaut

stehen kanrì" IS.Z+oJ.

Selbst wer kein Anheinger des Bymmetrieprinzips innerhalb der Phanologie

Íst, muss zumindest leise Zweifel an Wurzels Behandlung der Spiranten hegen;

denn di-e Argumente für dÍe gelieferte Darstellung sind keineswegs einleuch-

tend. Eine eingehende Überprüfung der Darstell-ung sollte Antwort geben auf

folgende Fragen:

i, Vt/arum fehlt die labiale Spirans /v/, wÈihrend f zf seinen Platz behauptet?

2, Warum steht /li/ i" Klammern?

g. lVarum können nicht al-le stimmhaften Spiranten als zugrundeliegende Seg-

mente fehlen, fvenn /v/ es kann?

Bereits Foss (S.51) vermutet, dass zugrundeliegendes /z/ Unerflüssig sei.

Er schlägt /l/ nur als Versuch vor und äussert gleíchzeitig starke Zweifel

an der ñichtigkeit dieser Entscheidun3 '
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DIE LABIALE $PIRANS [v]

Die Eehandlung und Herleitung von [v] aus fwf {VUurzel, 244f) ist einl-euch-

tend, wenn auch z.T. die historischen Gesichtspunkte und der vergleich

mit anderen germanischen oderincloeuropäischen Sprachen zur Illustration

und Argumentation gute Dienste hätten leisten können ' Somit i-st ein "Loch"

im System gerechtfertigt, näm1ích das fehlende /v/. 0b dieses "Loch" nun

,,unschön,,ist oder nicht, d.h. ob die Heihe der stimmhaften spiranten nur

ein "LoCh" aufweist oder vielleicht nur aus "Löchern" h:esteht, wird irn

folggnden untersucht.

DIE DENTALE sPInANs [z]

Wie verhäft es sich mit Aen /z/? Vüarum findet Wurzel es nicht einmal der

Mühe wert, dieses ProbLem zur Diskussion aufzunehmen? Als einzige Tatsache

wird die "Auslautverhärtung'r des /z/ an verschiedenen Stelten (z'B' S'245'

25gf) angeführt. Ist diese Behandlung des fzf, parallel zur Neutra¡-sation

von fb,drg/ am lVortende, richtig?

Auf den ersten Btick sieht es so au6, als ob uas [z] tatsächlich "aus-

Lautverheirtet" auftritt :

ilt z ls

Häuser Haus

Nase I'jagr

lesen rieg

Genau so wÍe z.B. b - P: Leiber - Lei!
d - t: Bäder - 8"9

g - k: Tage - Ttg

Dieser Auffassung aber widerspricht die Beobachtung, dass das s der schrift

am Wortanfang vor Vokal aller lVörter aushahmslos als Iz-] at'sgesprochen

wird:z.B.sagen,seil,Sehn;sucht.fndieserHinsichtverhä].tsichdas
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Iz] nicht wie die stimmhaften Verschlusslaute, da die Opposition stlmm-

hafter-sti-mmloser Verschlusslaut am Wortanfang häufig auftritt:

backen - Packen

Diele - Thiele

Gunst - Kunst

Das stimmhafte s tritt immer am Wortanfang vor Vokal auf, gerade dort, wo

eben kein stimmloses s möglich ist. It] ist also in dieser Stellung stets

vorauszusagen, Deshalb dürfte der Ëegriff "Auslautverhärtung" nicht für

das [z] gelten.

Ein kurzer Seitenbtick auf die historieche Entwicklung ($ctrirmunski-,

35?f) zeigt unmittelbar, dass dieses germanische stimmlose s in der neu-

hochdeutschen Literatursprache am Vúortanfang vor Vokal stimmhaft wurde,

während es im ijüortausLaut seine Êìtimmlosigkeit bewahrte. Die Entwicklung

sieht aLso so aus:

( I ) s wird z im Anl-aut vor Vokal 
'

(Z) s bleii:t s im WortausLaut.

Im Neuhochdeutschen wurde das germanische ! gleichzeitig noch von einer

weiteren Änderung betroffen. Es wírd auch im Inlaut vor Vokal- stimmhaft

realisiert, wobei der vorhergehende Laut ebenfaLl-s stimmhaft sein muss:

z.B. lesen, Wiese, Hirse, Bremse, Sense. Ist der vorhergehende Laut dem-

gegenüber stimmlos, bleibt s auch stj,mmLos: z.B. knipsen, S"hnäpuu, Achse,

Hexe. In den Verbindungen -sp- und -st- bleibt s erhalten: z,B. Vüespe'

Kasten, Fenster, Elster. uami-t sind [1) und (Z) zu ergänzen:

[¡) s wird . [") im An]aut vor Vokal,

(U) im Inlaut vor Vokal' wenn der vorhergehende

Laut stimmhaft ist.

(+) s bleibt " 
(aJ im Wortauslaut,

(O) vor oder nach stimmlosem Laut.

Sehr aufschfussreich in dj-esem Zusammenhang ist die Tatsache, dass diese



Entwicklung g -+ z in bestimmten Umgebungen (3) nicht für alle deutschen

Díalekte gilt. Während z.B. im Niederländischen diese Lautliche Ëntwick-

lung ihren Niederschlag sogar in der Schreibweise gefunden hat Istimmhaftes

s wird durch das Graphem z wiedergegebenJ, kennen die meisten oberdeutschen

Dialekte ebensowenig stimmhaFtes s wie stimmhafte Verschlusslaute ISctlir-

munski, 35Bf).

Es ist leicht zu sehen, dass das s überall da, wo es zwischen zwei

stimmhaften Lauten zu stehen kommt, ebenfalls stimmhaft wird. Offenbar

handelt es sich um eine gleichzeitig regressive und progressive Assimila-

tion, wobei der vorhergehende stimmhafte Laut Vqraussetzung für das Ein-

treffen der Anpassung des Merkmals "stimmhaftfi des folgenden Lautes ist.

Bevor nun diese Erschej-nung zu formuli-eren istr muss geprüft werden, ob

sie eine Morphemstrukturbedingung des Deutschen darsteltt (tSI. Stanley,

196?), also ins Lexikon gehört, oder als phonologische, wahrscheÍnlich

späte Regel zu bestimmen ist.

Es folgt dazu eine Zusammenstellung von Wörtern, die das zur Diskussion

stehende s enthalten. Gegebenenfalls sind diese \ÀJörter in Morpheme analy-

siert: Morphemgrenze +, einfache wortgrenz"* (wurzel , 24g)z

(s) l/-sand tre*fl: S=u*na

Jþ s:ns slttll= Jl==a*

[o) [u) lEs + (e)n ]äus + e

(¡) nã={f= weislþ

(t) õsl amsl Pinsf

rn [s) wird s ""rnft'vor Vokal als [z]

gilt ausnahmslos für all-e als deutsch, d"h. nicht eíner bestimmten Fremd-

sprache angehörend, empfundenen lÀ/örter, also auch Lehn- und Fremdwörter wie

sozial-, Sofa, Samt usw. ïm Wortauslaut, also """1f, steht [s] (O¡J. fn

diesen Fälten wird [s] ," lz), sobald ein Derivativ folgt: z.B. nãs + e,

reafisiert. Diese Feststellung
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weis+e. fn [Oa) wird s als [z] realisie¡t, also vor + mit folgendem stimm-

haften Laut. Die Beispiele unter (?) zeígen das als [z] realisierte s

zwischen stimmhaften $egmenten innerhalb des Morphems'

Bis hierher sind die Zusammenhänge teicht zu überbLicken. Eine Komplika-

tion stell-en die Suffixe -sal/-sel dar. Beide haben den"jelben Ursprung'

Während -sal immer als Izãf] mit Nebenakzenb erscheint, wird -sel entweder

-f ^E.J- ð

te) [zar] ozw. Iz]J: Fül1-sel, Streu-sel oder a]s

tg)[ssr]uzw.Is]J:Êät-sel,Kap-se]'Ûberbleib-sel

stets unbetont realisiert. Das s in -se] erscheint demnach stets al-s Iz],

wenn das vorhergehende Morphem auf einen stimmhaften Laut enclet [B), sonst

als [s] (s).

Da -sel immer [-Oetont], kann nach dem Operieren der Akzentregeln [Wur-

ze!, Z?2) keLn" # davor stehen. Und da -sal heute kein selbständiges

wort ist, sondern nur in zweigli-edrigen Zusammensetzungen vom Typ Schick-

sal vorkommt, trägt es nie den Hauptakzent. Ës ist nach Kiparsky IL966, ?2f)

ein betonbares suffix. Demgemäss erhält es z.B. in der Ableituncj schick-sa]

Nebenakzent, und clie Abreitung das Akzentmuster scnlct-sãr' Das Ejuffix -seL

aber tritt in Abl-eitungen ausschliesslich tonlos auf , z'8' r-lå"t-=Ér' Forg-

lich muss -sel im heutigen Deutsch ein einfaches wortbildungssuffix wie

z.B. -ig oder -er darstellen. Es ist ej-n unbetonbares Suffix, clbwohl -seI

und -sal historisch gesehen identisch sind. lìier dürfte ein FaIl von Um-

strukturierung vorliegen (uSI. welter unten S. 16). Die heutige, normale

RealÍsierung des -sel ohne Vokaf al-s Is]J Uzw. It]] bekräftigt cliese Annahme'

Die parallele zu Formen wie Beutel, 0nke1, Rasen, Wagen, die normalerweise

mit silbischem [1] Ur*. [l] real-isiert werden, ist offenbar' Elomit gelten

für -sel die Regeln wie fÜr z.B. wins+eIn, Pinsel (vg]' Gerinn+se1) bzw'

knipsen['g1.6töp+sel).Vrlur'zefsAna1yseVon@I und fjberbleibsel



(Vrturze1 , 21öB) mit der einfachen ülortgrenze vor -sel scheint deshalb nic¡t

den Tatsachen zu entsprechen. Dies wiederum führt zu einer Vereinfachung

seiner Regel der "Auslau'Everhärtung" IEi.ZOOJ. Die $timm]osigkeit trifft

nur stimmhafte Eìegmente ft êgg!gg!, gilt aber nicht für das morpheminitiale

s in -sel [feif d der Fìegel K 13).

Ä¡nlictr liegen auch die VerhäItnisse bei dem Pronomen sie {wurzel, 265)'

Solange es betont ist, steht die lrVortgrenze vor !r das als Iz] realisiert

wird. Vor dem unbetonten enklitischen Pronomen ist diese Grenze weggefa}Ien

IBierwisch, ]966), das s wird nach einem stimmlosen Segment a]s [s] reali-

siert. In diesem FalI liegen also dieselben Bedingungen vor, wie innerhafb

des Morphems oder über die Morphemgrenze hinweg. Deshalb scheint llvurzel

auch hier zu !rcen (S'ZO6, Z.Absatz).

Diese rhythmische Ve¡scl-rmelzung in der Bede - in den Aussprachewörter-

büchern unter dem Begriff"l:mgangssprache" zu finden - trifft aber bei wei-

tem nj-cht nur die Pronomen. Ir,nmer wenn die sprache wirklich gesprochen wírd

- im Gegensatz zut reLnen (genormten) Hochlautung - werden Grenzen in ver-

schiedenem lJlasse gelöscht. vi/as das s betrifft, gerät es dann inlmer in die-

selbe Position wÍe oben innerhalb des Morphems, da di-e wortgrenze entfällt:

(fAJ :.n zusammengesetzten V/örtern'

Gras-samein Gesichts-seife Trüb-sal

Kreis-säge Salz-säure ab-sehen

Irr) in Phrasen.

Jedem das 6eine Er hat sagen wollen

Gottes Segen l/üer mag solches

Was sehen sie

Nach stimmlosem Segment operiert die Flegel Stimmhaftigkeit des s nicht

(siehe S.12). Die Regel Geminatenvereinfachung (sj-ehe S.llJ eliminiert das

zweite /s/ aes Doppelsegmentes /ss/ in den entsprechenden Beispielen'
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Es erhebt sich nun die Frage der zugrundeliegenden Repräsentation der

Morpheme mit s im Lexikon. tiind z'B'

Sand al-s /zand/ oder f sandf ,

-sal " fzaL/ " /1at¡,
Maus " fmau3/ " fnaug/,

Esel"/ãZL/ "/ãet/

anzuseteen?

Zur Beantwortung dieser Frage ist eine Zusammenstellung von Beobachtungen

notwendig:

s wird immer [z]:
tt

1, nach der einfachen Wortgrenzr- # vor betontem Vokal sowie zwischen

stimmhaften Segmenten innerhalb des ltlorphems'

2. nach stimml-raftem $egment vor lt4orphemgrenze mj-t anschliessendem stimm-

haften Segment.

In allen anderen Fällen bleibt Is].

Al1ein auf grund dieser Regelmässigkeit scheint alles für' die Repräsentation

des reafisierten [s] unO [z] afs /s/ zu sprechen, da die richtigen phone-

tischen Formen, also die Ausgabe der phonologíschBn Komponente der Gramma-

tik, einfach mit Hil-fe phonologischer Fìegeln erzeugt werden können' Eine

besondere Morphemstrukturbediengung (tt¡Sg) würde cien einheitlichen Prozess

cler StimmhaftÍgkeit des s aufsplittern. Das entscheÍdende Argument gegen

eine solche MSB ist die Tatsache, dass clas stimmhafte s nur in einigen Dia-

Lekten und über cliese auch i.n der hochdeutschen Schriftsprache realisiert

wi-rd, während andere Dialekte und ältere $prachsLufen kein stimmhaftes s

kennen.

Bevor die Frage der Lexikoneintragung des s endgültig beantwortet werden

kann, müssen die Fälle mit ß [scharfes sJ und ss der Schrift, die immer

stimmfos realisiert werden, untersucht und mit dem einfachen s koordiniert

werden. Die folgende Tabelle enthätt ìirlörter mit Is] und zum Vergleich



langer Vokal

solche mit [z]:

kurz.Vok . /oipntfr.

hasse

reißen
Bisse, risslg
Masse

muß

fasse

wissen

weißen
FusseI

Wasser

€ssen

hassen

Fuß

Füße

["]
lang . VCIk . /Dirrhth .

Z

Hase

reisen
Riese, riesict
Masern

lúuse

Phase

liüiesen

weisen

Fusel-

Buserr

vatten
äta
irata

fot
fötter

t l

1\{aße

iVIuße

fußeln
Bußen

Wenn dieses stimmlose s ebenfal-ì-s durch ein einziges s-segment im Lexikon

repräsentie¡t würde, erscheinen als Ausgabe der phonologischen l(omponente

nicht richtige Formen *íu t*[éttã¿t], '*[rtta] '"*'
Die Annahme eines einfachen s-Segmentes Ín dlesen Fällen liefert fal-sche

Ergebnisse. Dieses s bleibt stimmlos zwischen stimmhaften Segmenten' warum

tut es das? Im tlnterschied zu ciem !r das stimmhaft wlrci, erscheint das stets

stimml-ose s als 55 oder fJ in cler Schrift. Das ß ist nur eine orthogra-

phische Variante cles $r um in erster Linie bei intervokal-ischem stimmlosen

s die Länge des vorhergehenden Vokals anzuzeiqen, s.B. $trãß e - Gasse'

In fast al-Len Fäl-]en hanrielt es sich um $r das aus sermanisch t nach

Vokal- entstand: Es ist ein TeilergeLjnis der zvreiten hochdeutschen Lautver-

schiebung Ischirmunski, Z?Z). VgL. dazu fr:lgende Zusamme.nsteliung:

wa ter'

eat

hate

foot
feet

fot

watar

etarr

I alt Jndd . eng. schwedlschnhd
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Nun hat es natür11ch l<einen $inn, ein ;:weites, vom erhaltengebli-ebenen

germanischen s unterschiedfiches s anzusetzen. Für den sprecher des heutj--

gen Deutsch ist das s in z.B. Haus und Hass ein und dersefbe Laut (tS}'

dazu weiter unten S.14 unci Wurzel-, 2D?)'

Beim Betrachten der Liste auf t.9feilltauf, dass das stimmlose g (sg

oder ß der SchriftJ nach kurzem oder langem Vokal steht oder nach Diph-

thong. Das einfache s steht nach langem Vokal nder Di-phi,hang. Gibt der Vo-

ka1, gespannt oder ungespannt, Aufschl-üsse über die Behandlung des s ?

¡der- umgekehr.t, hängt das Merkmal [jgespannt] mit clem Merkmal [lstimmhaft]

des s zusammen? Folgende Tatsachen lassen sich feststellen:

1. Nach Diphthong und langem VokaL erscheinen [t] und [s]'

2. Stimmlosæs bleibt erhalten in den verschiedenen Formen cjer (zumeist)

starken Verben sowie deren Nominafisierungen, während gespannter und

ungespannter Vokal- wechseln. Dieser Wechsef unterliegt einer phonolo-

gischen Regel (t + nei ü/urzel, ?5), 2..8. fllssen-floss-geflossen,

Fluss-Flüsse, messen-mãss-gemessen, Mãss-Mãsse'

3. Dieses stimmlose s tritt nie wortinitial vor Vokal auf Ibedingt durch

seine Entstehung).

Daraus wird deutlich, dass dic Behandlung des s in Abhängigkeit des vor-

hergehenden gespannten oder ungespannten Vokals im Deutschen nicht möglich

ist. Dies offensichtl-ich im Gegensatz zum Englischen IChomsky und Halle

196g, 46,L4g), wo rlas stimmhaftc s am Wortanfang vor Vokal in einheimischen

Wörtern nicht auftritt.

Zur Beantwortung der Frage cler Lexikonrepräsentation des s ntuss noch elne

(eigeneJ Beobachtung herangezogen werden. l/üenn Deutsche eine Fremdsprache

lernen, in der es nur die stimmfose dentale Spirans /s/ gibt, z.B' schwe-

disch, lässt sich normalerweise feststellen, dass - zumindest am Anfang -

das einfache s der Schrift (a) am Wortanfang vor Vokal (gof) unU (U)

1
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zwischen stimmhaften Lauten (viga, hals+en) als Iz] realisiert wird,

wêihrend alle ss richtig als [s] ausgesprochen werden (tcasse), was auch für

alle einfachen s am Wortende gîlt [tågJ'

Das bedeutet, dass cler Anfänger in der fremden sprache die Regeln des

Deutschen für die Behandlung des s konsequent auf die Fremclspraehe anwen-

det. Da der Deutsche anfangs auch die Regeln der $timmlosigkeit bei !'9'9

auf die fremcle Sprache anwendet, müssen die Êegetn für die Ejtimmhaftigkeit

des s ebenfalls akti-ver Bestanclteil der Grammatík des Deutschen sein'

umgekehrt ist es z.B. für Eichweden oft zumindest am Anfang schwierig'

das einfache s im Deutschen korrekt zu realisleren. Nach Kitzings unter-

suchung der Aussprache einiger schwedischer SchÜler ItSeZ) weist Oas Iz]

die bei weitem geringste Lösungsfrequenz unter den spiranten und Affrika-

ten auf (fO./. initial in sonntags, 19uy' meclial in Rose). Daç¡egen wird das

[s] in Messer bzw. weiss zu 99 bzw. 100'/o richtig ausgesprochen.

wenn das schriftbifd zusammen mit einer einfachen llegel dj-e richtige

Beafisierung d,es g gewährleistet, scheint der Versuch gerechtfertigt zu

sein, Uas [s] lmmer dann, wenn es zwischen stimmhaften Lauten zu stehen

kommt (es kann ja nicht nacn 4 vor Vokal auftreten! J' a],s fss/ zu reprä-

sentieren (rgl.Hoss, 51). Das Doppelsegment wi-rd später durch eine Elimi-

nierungsregel vereinfacht, die bereits für zwei iclentische Segmente über

vúort- und Morphemgrenze hinvueg ihren Platz in der phonologischen Komponen-

te hat [Wurzel,22I ff). EUenso wie verdoppelte Segmente über diese Gren-

zen hinweg vereinfacht werden, z.B. 1n Formen wie 99!-B@ føltn+n+nf ,

er rÈit lrát+t/, die durch Flexions- und Derivatlonsregeln auf bestimmten

Fitufen der Ableitung entstehen, werden im Fall des /ss/ auch zweifach re-

präsentÍerte Segmente zvuischen Morphemgrenzen nur als eines realisiert'

Damit ergibt sich ein weiterer empj-rischer Beweis für die Regel der Gemi-

natenvereinfachung (ltUurzet, 2?3). Indem sie auch innerhalb des Morphems
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operiert, gewinnt sie an Generalität'

Diese Lösung, die keine extra Merkmale kostet, fiefert alle richtigen

Formen. Gleichzeitig wird das s, das einfach repräsentiert wird, stets

richtig auf grund phonologischer Regeln entsprechend eeiner Umgebungen ent-

weder als [s] oder [z] generiert.

Die stimmhaftigkeit des einfachen s ist damit eine generell-e Erscheinung'

wonach es ig stimmhaft zwischen einfacher wortgrenze bzw. stimmhaftem

segment und stimmhaftem sjegment auftritt, ganz gleich, ob vor- oder nachher

eineMorphemgrenzesteht.DieRege1;@1ässtsÍchzu-

sammengefasst so formulieren:

[*.0'.1
| +crnu l-+
[*r.o" -l

&.
[+sth][+sth]

[+sth]

An welcher Stelle in der phcrnologischen Komponente operieren di-e Regeln

für s ? Die Lexikoneintragungen (nach Wurzel, ausser der Behandlung Ues g)

sind z.B.

/fets+nf ll:ør + blejb+sl/

/nôss/ /xats/ f mowsf

Die Beispiele zei-gen, dass sich die Stimmhaftigkeit des s nur in den volL-

ständigen Formen auswirkt. Durctr clie e-Epenthese-FìeSel IWurze], 1?]J ent-

stehen die vollen Fr:rmen der Substantive (Gent's, Kasus, Plural), uiie auch

die der Adjektive und Verben. Aber erst wenn auch die "$timmlosigkeit"

(Auslautverhärtung bei b,g!,g) gewirkt hat, so dass z.B. Ûberbleip+sel vor-

liegt, kann die Regel "Stimmhaftigkeit des s" arbeiten. Sie lj"efert dann

alie korrekten Formen. Díe Einordnunq díeser Regel zeigt, dass sie eine

späte phonologische Fegel ist. Die Regelfolge IVVurze], 288J Ui;rfte sich wie

folgt ändern:
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(n t)

(sz)

Isv t)

(sv s)

[r re)

(< toJ

Ablaut bei starken Verben

Analyse j-n Phonologische Wörter

e-Epenthese

I e-Eliminierungen )

Stimmlosj-gkeit b,d,9 (AuslautverhärtungJ, ohne Teil Id)

wechsef vor t [wenn überhaupt in cier Grammatik vorhanden)

Stimmhaftkeit des s

It< S) Geminatenvereinfachung

DrE VELARE 5PTHANS [',tr].

Auf grund der Ergebnisse der vorherguhenden Diskussion bleik¡en folgende

zugruncleliegende Spiranten übrig:

fsx
(Ð

aas I/T/J steht al-Iein j-n der stimmhaften Reihe. M/urzel braucht es einzig

und a1lein, um 5 Wortpaare unter eine Regel [K ]0) zwingen zu könnenr wo-

bei er einfach den Vorschlag von Hoss Ig.51J, gegen den dieser se]-bst Ej-n-

wände erhebt, übernimmt:

[+sJ fliehen - Flucht, flüchten

geschehen - Geschichte

sehen - Íiícht, Gesicht

Iverizeihen - Verzicht

ziehen - Zucht

Für die Behanciluns iJcr GruPPen

Iso) hohe, höher, Höhe

nahe, näher, Nähe

- hoch, höchst

- nach, nächst
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IHier ist das Paar: (ver)schmähen - Schmach, (Ross, 5fJ, hinzuzufügen)'

und (sfJ bringen, brachte, gebracht

denken, dachte, gedacht

mögen,'mochte, gemcrcht

diskutiert wurzel zwei Möglichkeiten, wobei für clie zweite ebenfalls

/T/ g*øraucht wird, ohne class er aber eine endgültige Entscheidung trifft

(t//urzel , 24tf ).

Im folgenden versuche ich zu zeigen, daes das Deutsche kein zugrunde-

Iiegendes /5/ nraucht. Aus der Diskussion dürfte hervorgehen, dass das

postulieren des /[/ n", ein technischer Trick ist, einige, scheinbar ähn-

Iiche Zusammenhänge in ein Begelschema zu pressen'

Zuallererst können einige von Wurzels Behauptungen und Annahmen nicht

unwidersprochen bl-eiben. Erstens sind die Prozesse

(eS) gelen -) CiIt usw' und

(+g) fliehen { Flucht usw. nicht einmal- "zumindest sehr

ähnlich" (Wurzet, 239). Während nåmlich bei den Verben unter [:S) Uas

stammauelautende konsonantische segment andere distinktive Eigenschaften

annimmt, also als Segment erhalten bleibt, verlieren die verben unter

(+S) ifrr stammausl"autendes konsonantisches Sìegment, welches z'B' im Al-t-

hochdeutschen sowohl j-m Verb (ahd. ffiohan) afs auch im Substantiv 'qleich-

zeì-tig vorzufinden war. Zweitens ist wurzel zu vorschnel-l in der Annahme,

dassbei.Ifi*!,"*.einstammauslautenderKonsonantinderBasisform

vorhanden ist. Ganz richtis gg er vorhanclen, z-.8. noch im tt/ittelhochdeut-

schen; im Neuhochdeutschen ist Br es aber nicht mehr [Schj-rmunski-, 364)'

Arr dieser StelLe ist der wichtige Hinweis zu machen, dass das Kind, das

seine ftluttersprache durch Aufbau einer Grammatik (= Nooel} der Kompetenz)

erlernt, nichts von Etymologie und Lautveränderung wissen kann (King, t02;

Wurzel , 2O?; Ladefoged, 48). ì¡r/er phonologische Regeln schreibt, sol-lte
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beim Abfassen dieser Fiegeln nicht nur daran interessiert sein, verschie-

dene, auf irgencleine Weise scheinbar zusammengehörende Formen durch tech-

nische und formale Finessen verrneintfich kostensparend zu vereinen¡ solî-

dern auch daran denken, dass diese Regeln u.a. psychologisches Geschehen

unrl das wissen cJes sprechers wiederspiegeln sollten. Leider ist diese For-

derurrg viei Leichter aufgestellt als erfüllt fvgt. Ladefoged, 4? ff)' Des-

halb sind meine GesÍchtspunkte und Lösungsvorschläge ebenfalls nur (aber

hoffentLich mehr der tivirklichkeit entsprechende) Annahmen, die noch der

Bestätigung durch Cas Experiment harren'

Das substantivbÍldende t-Suffix der Gruppen (:S) unU [+S) ist heute ein

unproduktives Suffix (fleischer, L?2 f), d.h. das Gegenwartsdeutsch ent-

hält keine Substantivbildungsregel der Form

tl) Verb + t-suffix I Nomen

mehr. uberhaupi ist ja das gesamte Ablautsystem heute nicht nur erstarrt,

d.h. unproduktiv, sonclern schon im schwinden begriffen. verschiedene'

früher starke Verben, werclen heute regelmässig flektiert, z'B' melken,

hauen,schnauben.NachF1eischer[s'rzzr)sindPaare*iu@!,

nähen - aht ohne weiterss semantisch und morphologisch verbunden. Der

Zusammenhang in Paaren *i" 3!ggg@!!' ziehen - Zucht . fl-iehen -

Flucht usw. ist "etwas weniger cleutlich, aber doch noch erkennbar"' Ich

möchte einschränkend hinzufügen: wohl vom sprachforscher, aber keinesfalls

von0ttoNorma1verbrauchererkennbar.''Inf]aaren*i"@'

bieqen - Bucht drehen - Draht ist der semantische Zusammenhang verdunkelt,

sodassmansubstantivundVerb-,feg@Ebenenichtmehrin

einem Stammorphem vereinigen kann" [meine Unterstrej-chuing)' Auf die Situa-

tíon des spracherlernens durch das Kind bezogen, besagt dies, dass es z'B'

verzeihen, Verzicht, uncl bezichtiqen a1s drei unabhängige, ohne Beziehung

zueinander stehende Wörter lernen muss. Das gleiche gilt entsprechend für
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z.B. gggg,, gæ, lvacht; ÞliÆ,g¡,, bracfte; !9g!' nahe' Auch wenn sie zu

einem früheren Zeitpunkt der sprachgeschichte eindeutig semantisch und

phonologisch verbunden waren'

Die paare under [+S) unU (SO), clj-e auf einer älteren Entwicklungsstufe

ausglgzugrundeliegendenFormabge].eitetwurden,werdenafsoheutebeim

Aufbau der Grammatik durch das Kind afs separate Elemente ins Lexikon auf-

genommen. Durch die historische Lautveränderung bei clen Verben unter [4SJ

sowie den Paaren unter ISO), wobei Uas Ix] intervokalisch ausfiel, entstand

eine Umstrukturierung des Lexikons ["restructuring", King, ?9 ffJ; Di-e Ba-

sisformen [tnfinitivformen) Uieser Verben wurden verkürzt zu /ftî'/ usw' 
'

die dazugehörigen Substantlvformen, die das Ix] ""rfrt erhaLten hatten,

wurden neu aufgenommen, während sie auf cler vorhergehenden Sprachstufe mit

Hilfe der Substanbivbiltlungsreg¡el [1) abgeleitet wurden' Entsprechendes

gilt für clie Gruppu [SO). Dass die Stammformen der clrei Verben der Gruppe

(5f) eUenfalls al-s verschiedene Formative im Lexikon anzusetzen sind, dürf-

te sich nach dem bisher Gesagten von sefbst ergeben. Selbst V'üurzef [S.OS)

spricht von diesen verben als "vo}lständig unregelmässige verben" '

Auch aus eÍnem anderen Grund lehne ich die Existenz des (/6/) "ø, Das

zugrundeliegende Konsonantensystem, das /T/ o-nthäIt, ist asymmetrisch'

[.[J tauctrt nur in einigen deutschen Dialekten auf der phonetlschen Ebene

als Fealisation des zugruncleliegenden fgf auf , z.B. Tage Itã"¡a]. Ein phono-

Iogisches System mtt /X/ als einzigem stimmhaften spirantischen $egment

ist nach unseren gegenwärtígen Kenntni-ssen unnatürlicher und darüberhinaus

kostspieJ-iger als eines ohne. Noch dazu macht die Tatsache, dass dieses

Segment - vergJ-ichen mit dem gesamten Inhalt des Lexikones - nur trei einer

äusserst geringen Zahl von !',/örtern auftreten sollte, die Annahme dieses

/6/ unn*tbar'

Ganz besonders ist sie ciies angesichts der Forclerungr dass die Begeln



L7

der Grammatik das l¡Vissen des Eiprechers ausclrLlckerr müssen [Ladefoged,

4? ff). Unter der rein theoretischen Annahme, dass Uiurzels Fegel [f fO')

(S.Z+f) dieser Forderung entspräche, muss cler $precher des heutigen

Deutsch die Substantivbildungsregel [1) kennen, hat er im Lexikon die

Bepräsentationen /fLtT/ usw., bEnutzt dle Fegel [f fO') fUr die Prozesse

unter (SS) unU (+S) unU verwendet schlÍesslich eine Regel [f ffU), um dle

verbleibenden lf,/-Elemente in den Verbformen zu elíminíeren. Die Annahme,

dass die Substantivbildungsregel ( 1 ) aktiver Bestandtej.l der Grammatik des

Gegenwartsdeutsch sei, wurde schcn weiter oben zurückgeuriesen. Ebensowenig

haben für den Sprecher cles heutigen Deutsch die Prozesse unter (:SJ unU

[+SJ weuer Ähnlictrkeit miteinander noch sind sie in seiner Grammatik ent-

hal-ten. Dieser angenommene Vorgang, bedingt clurch die Annahme eines f(f ,

scheint peychologisch vöIlig unrealistisch zu sein. Durch die Wahl des

zugrundeliegenden fgf, die einfach das Ergebnis der Suche nach ej"nem Kon-

sonanten war, der "hier funktioniert" fWurzel-, 239), findet Wurzel

elnen Trick, mehrere Erscheinungen, nämlich [¡g), IaO) unO angedeuteter-

weise auch ISOJ und IS:.) zu genera]isieren, clie wirklich nichts miteinan-

der zu tun haben, wecJer geschích'blich, der Lautenwlcklung gemäss, noch

gegenwärtig, den Verhältnissen i-m Gegenwartsdæutsch entspreelrend' Und

diesen Kunstgriff nur, um si-ch keine scheinbar möglichen Generalisierungen

entgehen zu lassen, um zu vereinfachen, um Kosten 7-u sparen' Mit Ladefoged

und ¡hala (fS ffJ isb solch ein Verfahren zuminrJest abzuJ-ehnen, da es sich

gezeigt hat, dass die von Chomsky und Halle angenommere Bewertungsprozedur,

dle für Wurzel oberstes Gesetz zu sein scheint, rnangelhaft, wenn nicht

ganz falsch ist.

Um zu demonstrieren, dass mit formalistischen Kniffen alLes möglich ist,

setze ich bei den 5 Verben unter [aS) unU den 3 Paaren unter (SA) efn /x/

als stammau slautendes konsunantisches Eiegment an, z,B. /fLij./, /xa¿/'
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Diese Formen weisen, was clas unterstrichene f xf øe|';rirrt, die Verhäl.tnisse

älterer sprachstufen auf, z,B. cies Althochdeutschen' Durch substantivbil-

dungsregeln und Komparationsregeln werden die entsprechenden l'lominalisie-

rungen bzw. steigerungsformen abgeleitet. Jetzt braucht nur noch das /x/

bei allen Verbformen und bei den Adjektiven dann eliminiert zu werden' wenn

es in bestimmten Umgebungen auftritt. Bei den Verbformen fäl1t c)as /x/, mit

Ausnahme der Formen cles präteritum, wie bei den Adjektiven intervokalisch'

d.l'r. vor Morphemgrenze, aus' Es gilt alsa z'B'z

(negel B?) x -) lr
+

h"il

Ganz richtig liefert Regel 87 die erwarteten Formen, Z'B' [ft:-an] a's

/rnx+n/, InäðJ aus /nax+e/ usw'

Allerclingsstelltziehen-zog.-gæz-ogenaufjedenFafleineAusnahme

clar, weil das g des Prâteritum und des Partizip Perfekt nicht voraussagbar

íst.DieFormSggmussalso,wiemanÜgnundrehenundwendenwil},ins

Lexikon aufgenommen werden.

$/enrr Formative *ie I]@, seichen (Wurzel, 239) oder Buch, bei denen

das /x/ in allen Formen erhalten bleibt, ebenfafls m¡.t /x/ repräsentiert

werden, müssen die Paare unter (AS) unct ISO) Uurchgehend mit dem ¡4erkmal

f+Hegel 87] versehen werden. Demjenigen aber, der diese Massnahme unschön

findet oder cjem sie zu viele [4erkma]e kostet, bietet sich sofort ein Ausweg

an: Entsprechencl der lautgeschichtl-ichen Entwicklung (teit der hochdeut-

schen Lautverschiebung) t<önnen die gegenwärtigen It]-S*gm"nte auf der pho-

netischen Ebene der vúörter þ!gg, .9!9i9!il, E-9.9.! usr'v' als zugrundeliegende

ft./-segmente repräsentiert werden, die danrr mit Hil-fe einer einfachen Regel
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in Íhre entsprechenden dauernden Segmente in der genau definierten Umgebung

verwandelt werden:

k-J X
JI
7T

Diese Darstel]ung bietet einen einzigen Vorteil: sie benötigt kein zu-

grundeliegendes /6/ . en"s anclere aber sind Finten, die sich angesichts

der Forderungen nach Erklärungsrelevanz und Realität cler Grammatik selbst

unmöglich machen. Dazu kommt noch di-e Feststellung, dass das Kind und der

nicht vorbefastete sprachteilnehmer keine lautgeschichtliche Kenntnisse

besitzen. Regeln, die Lautveränderungen in der sprachentwicklung, und nur

diese, wiederspiegeln, haben wohl ihre Daseinsberechtigung in einer laut-

geschichtl-ichen Beschreibung, keineswegs aber in der' Grammatik einer $prache'

fnteressanterweise argumentiert Wurzel auf 6'2A7 ganz im oben dargelegLerr

sinne und damit gegen geine eigene Behandlung der aktuellen wortgruppen'

SomitsprechenverschiedeneArgumentegegendieAnnahme,dassdas

Deutsche einen stimmhaften velaren spiranten im zugrundeliegenden Konso-

nantensystem hat. Diese neue Erkenntnis erfordert einige Berichtigungen in

Wurzels Studien zur deutschen Lautstruktur Inttes andere sof] als richtig

stehen bleiben):

Die Regel [r fO) vereinfacht sích um das Merkmaf [-stn] [S'Zgg)'

[r roJ Weehsel vor t

[+oostr] -+ [+clnu]
+kor

Teil IOJ der Regel (f< f t) Ve]-are SpiJ'anten, wonach verbleibende /6/-SerS-

mente getilgt werden, z.B. j-n /ffi¡+n/ , entfällt'

Die Feiherrfolge der Anwendung der Regeln änclert sich IWurze]', 288 und

Argument s.23g, 2.Absatz). Die Ableitung für die Êubstantive der Gruppe

/JL/ 

-¡t-

+obs

I
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[39J geht so vor sich:

1. Ablaut des Verbes, z,B. grab

2. Nominalisierung durch t-Ëuffix: gtuAþt

3. Auslautverhärtung ISt:-mm.J'osigkeit K 13) ' n'u'fi'

4., Wechsel vor t (f< fO): s"uf St
Dle Regel [P ¿) Gespann thei t dev" Abl"autvokale IWurzei, ?5) kann bestehen

bl-eiben. Die Stammformen von sehen uncl ggÊ@ werden durch Teilregel (a)

richtig abgeleitet; dle von ziehen müssen wegen des nicht voraussagbaren g

im Lexiksn aufgenommen sein; die von IIE@ 'nO 
(g)=g$ ebenfalls' da

für diese beiden +pp=pràt, sie aber kein stammausfautendes segment enthal-

ten.

Damit ånclert sich die Regelfolge insgesamt, verursacht ciurclr das Streichen

von zugrundeliegendem /z/ und /6/, wie bereits auf S. 13 dargestellt.

Schliesslich ist noch zur Behandlung des Wortes Häher StelÌung zu nehmen

IWurzel, 244). Ebenso wie Wurzel das Einschieben einer Morphemgrenze a]s

technischen Trick ablehnt, also /xã+r/, muss seine Lösung, die "plausible

Basisform,, mit morpheminlautenden f'[f, a]'sa /xã6r/, das dann später wieder

eliminiert wird, als eumindest ebenso übter technischer Trick verworfen

werden, Allein schon die Tatsache, oass uerltae#SVogofu lautnachmenden Ur-

sprungs ist, macht deutlich, dass dieses Vüort, wie al'l-e onomatopoetischen

Bildungen, eine Sonderstellung irn Wortschatz einnj-mmt' Im Hinblick auf das

oben Ausgeführte bleibt also als einzig plausible und realistische Lösung

übrig, díe Form /xãer/ Häfrer vs. /xêr/ Heer im Lexikon zu repräsentieren'

Zu guter Letzt noch eine Prelsfrage: lvas fangen wir mit dem etymologisch

'=r"u**"ngehörenden Paar rauh - Rauchwerk (=Pefzwerk) an? Die beste Lösung'

die mir möglichst bald zukommen sollte, wird durch Veröffentlichung an an-

derer Stelle ausgezeichnet!

Anmerkung: Aus technischen $ründen mussten a}le ß , bis auf wenige, für die
Argumentàtion unentbehrliche Fäl'le, durch ss ersetzt werden' Trotz dieses
SctrOnneitsfehlers ändert sich nichts am Inhalt der Besprechung'
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ARE THERE UNDERLYING VOIGED FRICATIVES II\ GERMAN?

Summar v in Enq lish

In his ,'studien zur deutschen Lautstruktur" Wurzel proposes underlying /z/

and, only for a few cases, /{/. There is no underlying /v/ in German. I try

to show and argue that there ars no uncierfying voiced fricatives in German

at all.

The phone [z] atways appears (i) wtren worci-j-ni-tial and prevocalic, and

(ii) Oetween voiced segments. But [=] c.n also appear between diphthong

or long vowel and a following vowel-. The s-Voicing l;le is given on p' 12

and inserted into tiúurzel's r:rder of rule application on p. 13. From the

historical point of view, German has Germanic s [simple s) and ss which

developed from Germanic t during the High Ëerman Soundshift' Both kinds of

s are reflected in the orthography: S (ot& J always denotes [=], * re-

presents either [s] or [z] Uepending on the context. I suggest the following

underlying forms: (t) /ss/ for the MHG ss or ß (*a !, giving [s] Uv tl,'e

c Simpl n Rule ( p .11 ) , alreaciy incorporated in lVurzelI s

,,Studien,,, and (ti) /s/ for the Germanic simple g, giving either [z] cr

["] uv the s-Voicing Rule.

To postulate /6/ is iust a trick, to save costs ancl to generalize where

generalisations are nct possible. Wurzef uses /V/ to accounÙ for a pseudo-

alternation in a few pairs of rvords (p.fg). In present German these words

are rather Ísolated and to satisfy the claim of psychological reality they

shoul-d be represented in the lexicon independently of each other, víz'

vuithaut /6/ .
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LARYNGEAL BOUNDARY SIGNALS

Eva Gårding

In this report we shall study how a v¿rriaticln in morpheme boundary location

may affect the behaviour of some laryngeal muscles Ivocalis m, cricothyroid

m, and sternohyoid m)" ttre activi-ty of the muscles was recol'ded in an EMG

investigation carried out at the Research Institute of Logopedics and Pho-

niatrics in Tokyo during the faLl of 1969 " 
1 Tht o-resent data ari: derived

from a speech sample rvhich was composed chiefly to investigate how the

selected muscl-es participate in the production of Swedish word tones' A

preliminary report of the word tone data [Gårding et al., 1970) was pub-

lished in the Annual Bul.l-etin No" 4. The same bulletin contains reports on

a number of o-Lher experiments all of which aj-m at expl-oring the functioning

of laryngeaL muscles during speech [Hirose et al., Simada and Hirose, ¡ha1a

and Hirose, 19?0) 
"

MORPHEIV]E BOUNDARTES AND SYLLABLE BOUNDARÏES

Acoustic and pei.ceptual aspects of morpheme and syllable boundaries were

studied rather extensively in Swedish material IGårdirrg, 196?) 
"

A spectrographic analysis of pairs of sequences that differ in the: loca-

tion of a moi"Pheme boundarY Ie.g. , "train-ferrY", and !å:gê[gg-are

Sr ,,toe.-wa1ker") showed that the acoustic segments around the boundary

depend on the structure of tlre underl.yirrg mr:rphemes, the stress pattern of

I wish to thanl< my collabcrators at the Institute of Logopedics and

phoniatrics for üreir invaluable aid. I anr particularly indebted to
DoctorsO,Fuji-mu::a,H.Hirose,andZ'Si'mada'Ihavealsoprofited
from some comments From Doctor M, Sawashirr¡a'
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the phrase and the rate of utterance of the speaker. Between stressed syl-

lables the speaker can time and arange his speech gestures in different

ways. The phonetic result was called internaf juncture, a marked boundary.

By means of perceptual tests it could be shown that fist"ners react to

these differences particulary if they are accompanÍed by a change in the

feature composition (aspiration, glottal stop etc.) of the segments involved.

The spectrographic study also brought" out some common characteristics by

whi.ch speakers realize morpheme boundaries in varying phonetic environments.

The location of the boundary can in most cases be related to an interval of

low intensity in the spectrogram. From a study of the formant movements ít

could also be j-nferretl that the speech organs slow down and move toward a

neutral posítion in connection with the marked boundary' When the second

morpheme starts with a vowel, the airstream is cheoked by a glottal closure

or constriction (various manifestations of glottal stops appear in the

spectrogramsJ. Tn a sequence in which the second morpheme has a consonantal

beginning there is no spectral indícation of a glottal closure. However,

the initial consonant closure or ccrnstriction is typically prolonged by a
ï-_.'

time interval comparable to that of the glottal closure.

With an increased rate of utterance speakers change their articufaf,fon

in a uniform manner. ¡ne of the stressed syllables io reciuced, the pro-

longed closure or constriction interval disappears and the intervocalic

consonants are rearranged ín such a way that as many as possible become

syllable initial. This was interpreted as an adjustment on the part of the

speaker to the general syllabification patterns (the unmarked boundaqies)

of the language. The procesË can be seen as the result of a shift to a

simpler production program. In an informal test speakers appeared to have

surprisingly similar notions of the syltable boundary locations for which

rules could be set up. Perceptual tests showed that when boundaries foI-
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lowed these rules the morpheme division made by listeners tended to become

haphazard. For example, a syllabification like tå-gångare in rapid speech

could be interpreted as meaning both train-ferry and €f.

MATEHIAL

The present material was composed in such a way that it will be possible

to study the effect of moving the morpheme boundary in a sequence from

...V + CV,.. to ...VC + V... and the effect of replacÍng a morpheme bound-

ary ...V + CV,., by a syllable boundary ...V - ÜV...

Test words

flrthographic representation with Modified IPA transoription
hyphens to show constituents

(l) mån-år or må-når [*mo:no:r]

(2) må-når [-mo:'no:r]

(:) mån-år [*mo:n'o:r]

(a) må-når ['mo: 'no:r]
/ -\ [-mo: nt o:r]t¡J !9!:9
(o) ta-gangare or tåg-ångare [*to:gena're]

(z) ta-gangare [-to:'gonare]

(eJ tag-angare [-to:g'cnarÊ]

The transcripti-on follows the IPA principles according to wni.ón /'/ inUi-

cates stronç¡ stress with the acute (simpteJ tone and f'f narks the stressed

syllables of words with the grave (compound) tone. When two or more sylla-

bles follow the stress, the sylIab1e bearing the second el-ement of the com-

pound tone is marked dy l'I , In the emphatic utterance" (4) anO [S), under-

lined in the orthographic representation, l'I is replaced by strong stress

I'1.
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The test words are compound nouns made up sf Swedish morphemes' Number

[+) is contrived and special]y designecl for the experiment. Conforming to

the rules for compound formation, the stressed syllabl-e of the first ele-

ment carries the grave accent f* f .

Items ( t J anU (OJ are meant to exemplify a pronunciation which conforms

to the genereil syltabification rules [in this case ...V: - C...). ft has a

reduced stress o¡ the second element of the compound. This syllabification

will be used in r.elaxed speech when the compound has a high degree of ex-

pectancy and the speaker does not i neist on the meaning of the individual-

morphemes.

In sentences (+) and [SJ ttre test words were given contrastive stress.

In the context usecl here the speakers used a stress pattern which adds pro-

minence chiefly to the second element of the compound '

The test word manar is composed of se¡¡ments that minj-mize the effect of

articulation on laryngeal muscles and is expected to reveal bhe effect of

prosodic qestures Itone, stressJ. In the test uvord Eågángale on the other

hand, the t- and g-gestures are expected to influence laryngeal activJ-ty.

A1l of the test words were put j-n the frame rl€-va - han 9* (lt was - he

said) and each test sentence was uttered 15times in a series with a short

pause after each item.

Sub,jects

The subjects were L [male) speaking Standarci Centraf Swedish and E (female)

speaking a Skàne dia-Lect. The clj.fferent pitch contours by which the grave

accent is manifested are typj-cal of the dialects. [Compare Fi-gurc;s 5, 61 7,

e. ) figures I and 2 show some spectrographic examples of the test words.
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EXPERTMENTAL PROCEDURES

The EMG data were obtained by means of double-ended hooked wire electrodes

which were inserted through the skin and other tissues of the ned<. [For a

fuII description of the technique see Hirose et aI., 1910,) figure 3 shows

the pertinent muscles.

The amptified EMG signals and the speech signel which had been recorded

simultaneously on magnetic tape were fed to a PDP-9 computer thrc'ugh an AD

converter for data processing. In this process the EMG signals were sampled

every 250 microseconds and the values were converted into 6-bit levels. The

digitized values of these samples were then averaged over a runnÍt+g window

with a range of 10 msec, flut of 15 utterances of each test sentence, 10 were

selected by auditory analysis and processed in this way. The resulting re-

cords of each set of 1o were then lined up in time with respect to some

easily ídentified speech event and superimposæd giving the final record as

shown in the figures. Different choices of line-up points proved to give

very slight variations in the pictures. Figure 4 shows examples of our

averaged and Processed data

EXPECTEÜ EMG CORRELATES

From what we know of internal juncture in swedish and the activities of

the muscles under investigation we should expect the following EMG coffe-

lates:

1. Glottal stoP

Vocal is m. There should be vocalís activity duríng the glottal- stop in

vc + v sequences. The vocalis muscle has been shown to be active for glottal

stops (Faaborg-Andersen 1g5?,0ha1a 1g?A, Hirose e,t al . 1970, Gårding et al'
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1g2O). Figure 5 shows for comparison conscious glottal stop gestures. de-

scribed in our earlier report. Notice that the ericothyroid activityr seems

to be suppressed at the time when the vocalis muscle has a peak of activi-

ty in connection with the glottal stops.

2. Timinq

-Sternohyoid m. According to spectrographic data (Gårding 196?) intervocalic
earlier

CcomesinaVC+V

as in tåsångare the

ís known to involve

an earlier burst of

sequence as compared to a V + CV sequence. When C = 9r

C gesture is associated with tongue retraction which

the sternohyoid muscle (Ohata and Hirose 19?0). Hence

activity is expected in tåg+ångare as compared to

tå+qånqare.#

Gricothyroldm. In the previously mentinned EMG investigations of laryngeal
---_"-"a-

muscles, the cricothyroid muscle appeared to coruelate positively with the

major movements of the pitch curve. since the pitch curve is also influ-

enced by variations in oral pressure taused by the articulation we can

expect the cricothyroid record to represent a "cleaner" prclsodic signal '

s. ggsgs

Bedueed vocalis-cricothyroid activity is expected when stress is reduced

as in the shift from a marked morpheme boundary to a syllable boundary.

The vocalis and cricothyroid muscles have been shown to cooperate for pitch

rising in stressed syllables. (See the works, cited above, and Sawashima

et al. 1969.)

contrastive stress is expected to enhance the clifference in laryngeal

activity associated with a shift of boundary. Contrastive stress v¡as found

to increase the EMG signal amplitude associated with cnnsonant phonemes by

10-20 percent [Harris et al. 1968). A change of ]exica] stress had no such

effect.
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RESULTS AND DISCUS$ION

Figures 6-8 show sLlme rtssults of the experiment. Each af the El\lG-curves

represents an average of 1o uLterancÊs. They have been derlved from the

vocalis, the cricobhyroid and the sternohyoicj muscles. The fundamental

frequency cut:ve shswn as the lowest trace in the figure is the hand-made

average of three representative utterances'

Figures 6-_7 are derived from speaker E, Figure B from Speaker L' The first

vertical- line represents the beginning of the speech signal, the second

line connects the reference poj-nts used for the summation process, i.e.,

for the test word manår the reLease of [m], and for tågånggre the release

or [t].
In the following we shall comment mainly on observations concerning bound-

ary problems. For Etvic correlates to other speech gestures in the materiaJ

seeGårdingetal.1970,GårdingLgTo'andforthccming.

Effects of a morPheme boun

Glottal stop. lÏi'th a shif b of bounc.lary from ...v + tv... to '. 'vc + v" '

we notÍce: A gap in the h-rroad band spectragram before the postjunctural ,

initial vowel which i.s preceded by a schwa segment with r'efatively slow

vocal cor.cl vibration (figure I a and b). The comparable spectrogram in

Figur.e 2 O i-to:g"Ongar€J, derived from a test serltence with the same place-

ment of juncture uttered by speaker L, has an ah¡solute gap of much shorter

duration. However, this gap is followed by a segment caused by the creaky

onset of the following vowel which because of its scant supply of spectral

energy is similar to a ¡.¡ap. The duraiion of these two successive gaps in

Speaker L,s utterance is comparable to that of the single gap in Speaker

E's. The perceptual effect must be similar in this respect: the ssgments
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separate c+ from the following syltable kernel. It can be inferred from the

specErograrnathat.speaker E protluces the boundary in a " 't + v" ' sequence

by means crf a gluttal closure and a softly ettacked vcwel and that speaker

L makes a less complete closure which permits the vocal- cc¡rds to vibrate

slowly. For both speakers the irocafis muscle has an Et\4G peak which corre-

lates to the acoustic gap ancl during this time the cricobhyroid muscle is

mora or less passive. (An a¡row poin'bs to these vocalis peaks in Figures 6t

?, and B. J

This vocalis-cricobhyroid inteffelation is consistent in all the

...VC+V...Sequencesofourmaterial.Thereisalsoaconstanttiming

difference between the two speakers. For Éipeaker L (rigure B and also

Figure S) tfre vocalis peak assaciated with the glottal stop ap¡:ears toward

the end of the gap, for Ë it appears prior to the closure' It seems possible

to associate E,s earlier vocalis peak with the sudden and total r-110t"bal c10-

sure whereas L's peak may i:e connected with the creaky vowe} onset.

The vocalis peaks observed in connec bion with the glottal stops may be

ínterpreted as active laryngeal boundary gestures typical of the " 'vc + v' "

sequencE. Notice fur cmparison tlre accustically similar creaky utterance

endings in Sg(Figures I and 2) which are not connected with any vocalis

activity.

lve have seen that bhe crj-cr.:thyroid anr'l vacalis musc'les, which h¿rve been

found to cooperate foy' major pitch rises' have a rjiffcrent reaction pattern

for glottal stops" Figure 9 (from B. Sc¡nesson, uqt"!-.Wtgl-!æ, tc be

pubLishedJ iltustrates the mechanical effects of contraction in these two

muscles.år when the vocelis muscle contrac'bs, the arytenoids r'til} be pulled

forward and the vocal folcis will be shorbenerl. This shartening effect can

lç I am gr'ateful tr: Doctc¡r'8. S¡:rtesson fnr many explanations arrd dj.sertqqirl¡15

and fór' lending me the drawíng appæaring as Figure 1o '
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develop only if there is no counteracting force due to activity in a muscle

working in the opposite direction as for instance the crÍcothyroid muscle'

Tt has been founcl by visual inspection that the vocal folds are shortened

and bulged for glottal stops. Hence it is natural that the cricothyqçid

muscleshouldnot be activated fcrr glottal stops. When the vocalis and

cricng-¡yroid museles contract simultaneously the cricothyroid force prevents

the vocalis muscle from being shortened. The vocalis activity will then

produce the inner tension in the vocal fold needed to raise pÍtch.

Timilg. With /g/ as the intervocalic consonant as in Figure B, we--c-qr! see

the different timing of the intervocalic conaonant gesture in the sterno-

hyold record. A comparison of [-to:g3nar€] and [*to:g'CnargJ shows that the

major sternohyoid peak, which is probably connected with the g-release'

come6 earlier when lgl is syllable final both absolutely and in relalion

to the intensity maximum of the preceding vowel. In the given context it

also has a faster buildup of activity. These findings are ln agreement with

the observations of the formant movements of the intervocalic consonant in

the earlier studY Ieåruing 1967).

The cricothyroid activity connected with the pitch rise in the second syl-

lable of the test sequence månår [Figures 6 and 7) is differently timed de-

pending on the boundary location. when the intervoealic consonant is syl-

lable initial, for instanee in ['mo:'ncl:r], Figure ? a, tlre crieothyÉoid

curve starts rising prior to the /n/ segment. In [-mo:n'o:r] on the other

hand the corresponding crì-oothyroid rise comes after fnf abviously in connec-

tion with the initial vowe1. These data suggest that the activation 'of the

cricothyroid muscle far the pitch rise is tied to the beginning of the sy1-

Iable independently cf the syllablels articulatory characteristics'
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The time interval during whj-ch the cricothyroid muscle is activated for

the pitch'movement of the first sy1lab1e is comparable in the two test words

inå-når and gêÉI [figure Z]. This suggests that the duration of the proso-

díc sígnal is dependent on the degree of stress rather than the number of

phonemes of the syltabte. For the second syllable, however, the cricothy-

roid activation time is longer in g! than in år, The: cricothyroid activity

starts rising prior to the lnl tn når whereas in år the rise starts in con-

nection with the inítial vowel . Earlier considerations of the vccalis-cri-

cothyroid interaction make it natural to assume that in this case the glot-

tal stop gesture interferes with the prosodic gesture and delays the pitch

rise.

Stress. Figure 10 compares the test word må-!år under normal (ZJ anU contras-

tive stress. The two sets of curves have been superimposeC with the b-egin-

ning of the speech signal as their oommon reference ]ine. It 1s obvious that

the difference in muscular activíty is mainly l-ocaliz:ed to the secnnd sy1-

lable of the test word. The pitch curve derived from the contrastively

stressed utteranges has a prominent peak in this syllable which is obvioua-

Iy related to increased vocalis-cricothyroid activity, In spite of the fact

that listeners still regard the first syllab1e as carrying the main stress

[as shown in a test), there is no evidence that the EMG signal amp]ltudes

for this syllable are infl-uenced by the contrastive stress. We notice a

difference in the duration of certain acoustic segments however. The' con-

sonantal occlusion is longer in the emphasized tryord both in the initial

and intervocalic nasals. This suggests a different time prtgranì for the

gestures in the two test words which is also evidenced by the sternohyoid

record.

According to Fr.omkin (tgOO) a syllable initial løl nas a stronger EMG

signal (orbicularis oris) than a syllable final løl . Aut Harris e! al'
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I fSOS), fgund no significant difference in this respect. The present sterno-

hyoid data suggest that the syllable final lSl i" I b requires a higher de-

gree of muscle activity than the syllable initial ls/ fn I a and ", ãn inter-

pretation that has support in the up*åt"og"ams [Figure 2) which show- a

greater amount of acoustic energy in lg+l as Êompared to l*Ul. All these

different results may perhaps be explained by the great stylistic variabi-

lity of sy1.lable finat consonants. In this position a consonant may vary

from weak to strong, and the strongest variant is often released with a

following voiced or voiceless schwa element, which actually makes the final

consonant comparable to a syllable initial one. In the context used here

the speaker probably made a conscious effort to keep the consonant sepa-

rated from the following sy1lable, hence the stronger burst of activity

noted in the EMG signal'

To sum up our observations in Figures 6-8, the location of a morpheme

boundary is traceable to the laryngeal muscles that have been the targets

of this j-nvestigation. In a sequence ,..vc + v,.. the boundary is contrcllled

by the vocalis which contracts for the glottal stop after C+ and brings

about a larger separntion of the two sytlable kernels. There is also some

evÍdence in our EMG data that the aetivity of the cricothyroid muscle which

regulates the observed pitch patterns is closely timed with the syllable'

Morph eme bou and s able boundary

Figures B a and B c illustrate the difference between a sequence pronounced

with an unambiguous realizaticln of a morpheme boundary [*to:'gcnar¿] and

the same sequence pronounced at a higher rate of utterance with an ordinary

syllable boundary [-to:gJnarÉ]. The location of the boundary with reference

to the segments ínvolved is the ';ame 
in the two sequenoÊs'
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Stress. The test word [-to:'g3¡ar€] has a higher degree of subjective stress

in the second syllable than [-to:genar€J. This higher stress does not produce

a larger energy output but the pitch curves are different- Tn the first case

the pitch starts falling earlier and the vocalis and cricothyroid muscles

have higher and earlier peaks. In addition, the spectrograms show a longer

occlusion and a longer open interval with stronger enËrgy for the more

stressed /g/.

Timing. Because of the longer duration of the segments pertainin1 ta lgl

in [-to:. gSnar€i], the sy]lable kernels of the first two syllables are wider

apart.Theaccusticgaprelatestoaverysmal}peakinthevocalismuscle

and a passive phase in the cricothyroid. The combined behaviour of the two

muscles actually looks lika a glotterl stop gesture- - After the longer

occlusion in [*to:'gJnare] ttrere is of course a delay in the timing of the

gestures for the rest of the utterance'

The two comparedtest-words [-to:'gen-re] and ['to:gcnarg] have as was al-

ready mentioned the same syllabic division. we notice that the major ster-

nohyoid peak Ís similarly timed realtive to the intensity peak of the fol-

lowing vowel and has the same signal amplitucle regardless of the difference

in stress pattern. This relation shows that the sternohyoid peak is connec-

tedwiththeg-relBase.Thetimingofthepeakinrelationtol-hepreceding

vowel is different however. In [-to:gCnaråJ the peak has a fast rise, where-

as in [-to:" gcnarsJ the rise is slow which may be indicative of a s]ower

articulatory movement. The most conspicuous spectrographic difference in

the two test words is a longer occlusion for lgl in [-to:'gcnarg]'

The preceding observations may be summed up in the following way' with a

shift of boundary from .."VC + V"' to "'V + CV"' tn '"V - CV"' the

two syllables come closer. This process occurs at the expense of stress in
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the second syllable and at the expense of the duraticrn of a glottal or oral

closure or constriction. The glottal closure is most pronounced in the

...VC + V... sequence.

One other aspect of the same process can be expressed as follows' -Two

stressed sytlables in succession seem to require a relati-vely long e{osure

or constriction interval after the first syllabte. During this interval the

subgtottal pressure needed for the seoond major stress ís probably being

restored.

Concludj-¡g remarks

ün the basis of the spectrographic sturdy [eårUing oo.cit. p. 133 ff.) it

was assumed that in sequences ...V1 + tVZ... the articulatory program must

be simpler than in sequences ...VtC * V2.,. using ohmant s coarticulation

moclel [Ünman 1967) the consonant in ...V + CV... could be regarded as super-

imposed on vocal tract shapes that gradually change from v/l to Vr. In

Vrc + V, on the other hand, c has resonances that indicate an intervening

-change in Lhe vocal tract ccnfiguration from v, to schwa to Vt. In o.ther

words, c+ seemed to ccarticulate mainly with schwa and +c with vt. The

glottal closure or constriction in connectitln with the initial postjunc-

tural vowel in ...vc + v... alsr: suggested a more complex innervaticrn

pattern.

The EMG data obtainecl l'rom the vocal-is and cricothyioid muscles in-'the

present study are in agreement with the view that a ...VC + V." seguence

requires a more complica.ted set of signals to the vocal apparatus than a

...V+CV...sequenee,Theglottalclosuregesturein"'VC+V"'oalls

for a differentiation in the activities of the two muscles which in the

EMG records of the ...V + CV. .. sequences show a smooth ci:operation.
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c0N ACOUSTTC ANALYSTS OF PHONEMES BY SOME NORTH

GEBMAN AND SOUTH S\IIIEDISH I-1IGH SCHOOL PUPÏLS

IR summary)

Karin Kitzing

PURPOSE OF THE INVESTTGAT]ON

There are great similarities between the Standard 6wedish and the German

vowel systems, \lJhen teaching a foreign language, one must, however, start

from the l-ocal nati-ve dialect of the pupils, One of the characteristics of

the Malmö dialect is the pervading di-phtongization of the lcng vowels.

The purpose of the present study is to investígate how this dialect influ-

ences the pronunciation of the German vowels, spoken by some lfslmö puplls'

TNFOBMANTS

The informants were 1Û? boys and girl-sr â9e 16-21, 1'rom a MaImö high school,

all representing the Malmö dj-alect, As a control group the German utterances

were recorded by 22 l-:ays of corresponding age at a high school at Lübeck'

MATERTAL

The following 15 vowel phonemes were ínvestigated: fi.z, f, e: 
' e : r I , â! r

ar y:, Y , ú2, cE t u, tt , ol, Ð,1 tne tssb vowels were surrounded by voíce-

Iess stops. For the test words, se appendix. The test words were preceded

by German; "Das Wort ist..." oi: Ëwedish: "Oz'det är...". The Swedísh pupils

read the German sentences first, then the Sr¡ledish.
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ESUIPMENT

The Swedish material-was recorded in an anechoic chamber on a Telefunken

ï124, and the German in a language laborat'ory on a Philips RK 65t aII at

19.5 cms/sec. The utterances of the male informants were analyzed with a

Kay Electric Sona-Graph at the University of Lund. About 1900 spectrograms

were made [fitter 300 cps, frequency scale 480t] cps).

RESULTS

The median frequencies of the vowel formants for each phoneme and the dura-

tion are gíven in the appendix. Three questions are considered - the fre-

quency of the vowel f6rmants, the duration of the vowels and the centrali-

zing tendency. The last point is related to a quality difference between

long tense vowels and the corresponding short 1ax Gnes. A perceptual ana-

lysis of all informants, íncluding the females,i-s in progress.

DISCUSSION

1. The fre e vowÊl formantsquencv of th

In spite of the pervading diphthongization of chiefly the long vowels in

the Malmö dialect, only few pupils diphthongized the German test vowels.

As mentioned aboven diphthongization is the main characteristic of the

Malmö dialect, and the pupils, well a*ãie-'of it, avoided diphthongízing

the vowels of the target language. Other cjifferences in the pronuneiation

of the vowels in the Malmö dialect and Gefman are seldom noticed by the

pupils or by the teachers of German. The values of the formant frequencies

point to the fact that, as a rule, the fulal-mö informants used their habitual

articulatory model when pronouncing the short German vowels' The articula-

tion of the f-ont rounded vowels differed most conspicuously from that of
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the German informants. Because of the weak labialization of the Malmö dia-
were

lect, FZ and fáVñigher in the German vowels pronounced by the Malmö infor-

mants than in the same vowels articul-ated by Germarts. Ïn the back vowels,

the weaker labiatization gave a higtrer F2 Ln the Swedish pronunciation.

Further, the Malmö pupils have too close an ltl in "kicken", the same pro-

nunciation as they use in the Swedish word "kicka" . lgl is pronounced

cfoser and lÇ,zf more open than in the native German articulation. AII these

phenomena might be regardecl as interference from the native on the target

language.

2, The duration clf the vowels

Most of the German vovúels are lengthened in the articulation of the Swedish

informants. This characteristÍc alone might bear witness to a foreign pro-

nunciation, even if the frequency of the vor¡rel formants could i:e represen-

tative of German vowels, While the Malmö pupils avoided diphthongizing the

tense German vowels, as mentj-oned above,'they appear tr: lengthen them

instead. The Scanian realization of the long Swedish vowels j-s mainly cha-

racterizecl by tvuo phenomena: diphthongization and lengthening' 0f these two

features, the Malmö informants only transfered the extra dt.¡ratíon to the

target language German. As was the case with the formant frequencies, the

durations of the Swedish articul.ations of the German vowels were interme-

diate between the Swedish pronunciation of the Swedish vowels and the German

pronunclation of the German vowels"

3. Centralizing tend

with centralizing is meant the fact that the tongue hump approaches a neu-

tral mean posititln in the mouth f'or the short lax vowels as cclmpared to
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the more extreme position for the long tense vowels. There is also an acous-

tic counterpart to the articulatory centraliza'bion. The acoustic neutral

position is represented by a higher F1 anci Lower F2 far the slrort lax front

vowels than for the corresponding tense ones. The back rounded lax vowels,

however, have higher F2 values than the torresponding tense ones. The pre-

sent study examines how this acoustic diFference is observed by the differ-

ent informant groups. Irr almost all cases the frequency differenc€ in F1

between long and short vowels was greater'in the German than in the Swedish

pronunciations. F1 of the long vowels was generally lower in the German than

in the Swedish pronunciation. For the short Germarl vowels, however, the

relation is reversed: here F1 is higher in the German than in the Swedish

pronunci-ation. As to the f ronb vowels, thÊ--cerltralizing tendeney sometimes

is seen in FZ sometimes in F3 in the Germarr arbieulation, The back vowels

lut -V I and /o: - J I both show greater-'difference in FZ in the German

than in the Swedish pronunciation. The present inve.stigation has proved

that the centralÍzirrg tencency was not sufficiently observed by the Malmö

informants. They seem to have neglected the German qualit;z difference. As

the quantity generally is distincitive in Swedish arrd the quality is re-

garded as allophonic, there is a natural tendency to carr)/ over this rela-

tionship to a foreign language. This case too might be regarded as a kind

of interference.

PEDAGOGIC CONCLUSIONS

Some conclusions which could Lre applíed in the teaching 6f German as a

foreign language in southern Sweden could be drawn from the acoustic re-

sults presented above:
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1. The charaeteristic strong labial!¿eliqq CIf the rounded German vowels is

important for a good German pronunciation.

2. lhe pupils should not exaggerate the vowel length'

3. The teacher of German should stress the quality difference between fL'.

f , yr -Y, Ér - æl and so on and point to the fact that it is not only a

question of a quantity difference.



APPENDÏX 6

MEDI AN AND RANGE OF VARTATICIN OF THE FORMANT F UENC]ES

The numbers in parenthesis indicate the number of inforrnants. Becordings
have sometimes been rejected because of reading mistakes, difficulty in
measuring spectrograms etc. The number of informants varies therefore
from phoneme to phoneme. 'rsv." = the pronunciation of the Swedes, "ty." =

the pronunciation of the Germans. "rTì." = the vowel in the Swedish word pro-
nounced as a monophthong by the number of informants indicated in paren-
thesis, "d. "= as å diphthong.

piepen sv. f iz f
pipa
piepen ty.
kicken ftf sv,
kicka
kicken ty.
Theke.rç fezf sv.
tekopp o. [+tJm.
Theke ty.
Tärerx llz I sv.
täta d.I t:)m.
Täter lez I tv.
Täter le:l ty.
tätsche1n" lel sv.
tätting u. (:s)m.
tätscheln ty.
pateJç fazf sv,
pater /cc, / a. Izo)m,
Pate ty.
packen I al sv.
packa
packen ty.
Typus fyzf sv.
tvp
Typus ty.

32b(47) 2'7b*âo]
u. {coJ '. [4)
300[22) Zso,:SC

350[4e) 3ro*40û
3soIsrJ 30ü-40ü
3so(21) 325-4oO

4oo[4eJ 3oo-4?s
425{e) 4oo-5oc
3?s[21) 32s-4so

550[5oJ 4o0-650
550(37) 45t-625
Sffi( 3J
375[ 1eJ 300-¿1?5

soo(soJ 375-6?5
5üo[ 14J 450-550
â75(22) +tS-azs

2?5A(4e) 24OO's1?5
27?5(e) ?-92rF3fi5
?-?DA(21J 25sû-3ooo

232â-3225
2515-3225
235A-27"_5

2225-290A
?*325.-30?5
1925-2500

?.225-2975
2325-2925
1925-231b

2300-2900
2400-3050
1900-2600

F1 var. bredd F2 var, brerlci

2?.25(4?) nzS:Ztnn

21) 1es0-250û

19s0-265CI
20ao-:2]25
185CI-2375

4e) 1e25-2625
e) lBso-26s0
21) 2025-2425

1450-2300
1475-22AD

2D23-2375

1600-2200
1625-2450
1625-2050
4 oa e, 4 Ê,- î:,ICL¿_ I\ì / J

?75-M.AD
1050* 1300

1:275-17AC
125û-170A
120ü-1550

1]OO-2625

197-5.

IJ¿3
150i1

15'75*:2?-5û
ßca:z175
13f 5-16:23

F3 var'. bredd

290ü(¿16) 2525-35.?5

28æ(22) 26so-31s0t
(

t
(

(

t
t

49
Én,JU

¿t

2?_Ot

22AA
?.23A
2125

2C

5Ü
49
al.)

5tl
2B
20

3B tt

t
t
t

t
(

t

)
l
l

2813
¿t1 /3
.)ÊËrl

2663
?2DA
2562
2?Oû

25tû
2550
22CA

24BB
¿ô,43
2125,

2575
2638
2338

Isa
{+s
Izo

{+a
t ¿cj
(4a

Ias
(¿e
(,zz

4B
49

(
(

t

t
t
t
(

)
)
)

2125
2075
? 158

1?BB( 50J
17CIû[ 37 J

1eCIo[ 3J
21?5(le)

1eoCI( 50J
2ooo( 14.J

18æ( 22 )

1350[ 5û)
1o50(26)
12oo(21J

15oo( 5o)
15oo(4,eJ
Moa(22)

Zûûri {.f i )

so) 2350-3325
37J 2550-30?5
cì¿)
1e) 24?5-2eAA

?oo(
5?"r(
?25(

5r) 5jso-eoo
26) 450-750
21) 625-850

50) 50c-e0û
48) 425-8'5
22) 550-eoo

300-4.25
3CO-.X25
350-475

350-575
400-5?5
350-475

425-625
40c-575
400-650

2650[snJ 23?5-3u75
26?5(14.) 255D-3125
25?5(22) 2350-:2850

2525(4?) 2215.-st25

65ü
Ò/3
?50

(

t
t

32s[48) 2?5-425
u. (ae)m. Iz]

3oo(20) 25û-350

3?5[ sCI)
350(4sJ
3?5(20)

4so[5üJ
4ffi[2s )
4oo(2ú)

5oo[4eJ
475( 5cJ
550[22)

1SOC-1e50 22ÛA(2O 1900-23752 )

l
l
)

l
)
l
)

)
)

)

)
l
]

)
)
)

)

l
l

Stuict< /p sv.
styck
Ëtück ty.
SpökerE / ,ltr l ,, .

spötce ti .(zz)n,
Spöke ty.
Stöpsel læl sv .

, stöppla
Stöpse1 tY.

1575
1500
AA-E:l+-¿

1s5û[4e
1525( 5o
1425(22

1375*?*125
'130u- 19co
1300-1600

1350-185tJ
130U-185C
1300-1550

I-Tfl" following table divides the informants into two groups, according
to their pronuncia.bion i:f the swedish test word. One group diphthongizes
the Swedish test vowel, the other group does not'
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Kuhkalþ fuzf sv,
kok
Kuhkalb ty.
Butter /Ul' tu.
bott
Butter ty.
tat fozf sv,
tåt
tot ty.
Pocke lJl u".
pocka
Pocke ty,

21

50) 350-500
n.(2)

21) 3OO-450

675-1125

575-95CI

??5-125A
6CI0-12s0
?50-1050

700-1100

550-80CI

800-1 125
?aD-1125
850-1075

325(
u. (+sJ

3oo(

3soI
350(
425(

300-450

250-35t1

300-450
3CI0-450
325-450

B5o[44)

688(22)

44
m.
22

50

1)
)
(

)

)
)
)

4B
eso[50)
e13[46)
875(21)

425
d. [48

375

475
45CI

550

B5o [ 5CI)

?25t21)

t
)
(

(so) 400-600 e?5(50)
[so) 325-w5 e13(50)
[zo) 4?5-6sa effi[20)



MEDIAN FORMANT

DIVIDED ACCOBDING TO

VOWELS

APPENDIX 7

CTES AND MED DURATION OF SOME MAN VOWELS

THE DTPHTHONGIZATTON OF THE COFBESPONDIN G S\]I/EDTSH

Svenskt testord

monr:ftong (9)
tekopp

uirtong [40)

monoftons [3?)
täta

dirtong I t3J

monoftong I t4)
tätting

diftons [35i

monoftong (2e)
pater

diftons [20)

monoftong (28)
spöke

diftong (22J

Tyskt testord F1 Fz

Theke fetf

räter l(z I

tätscheLn /€,1

Pate fazf

sp'ðke lúz I

400 21tt

400 2125

525 180û

550 175t

500 1925

500 1900

700 1350

700 1325

45CI 1575

45ü 1563

F3

2?5A

2225

2650

27C0

2650

2650

2525

2450

Duration
i msec.

158

158

158

150

9CI

98

158

165

162

162

/t:l tn
lv: I in
Io'l in

"pipa', is pronounced as a monophthong by 4 Swedish informants
tttyptt lt ll rl lr lt lt 2 ll rl

rtåtrr rr rr . rr t tr 1 , inf ormant.

A division on the l¡asis sf these test vowels has not been made because of
the very small number of informants pronuncing the Swedish test vowel as

a monophthong.



APPENDÏX B

MEDTAN AND RANGE OF VARTATION OF THE VCIWEL DURATION TN MSEÜ

The ¡umber in parenthesis indicates the nlmber of informants. Fìecordings
have sometimes been rejected because of reading mistakes, difficulty in
measuring spectrograms etc. The number of ínformants varies therefore from
phoneme tc phoneme. "sv." = the Swedish pronunciation of the German word,

"ty.t'= the German pronunCiatiOn of the German word, "m.tt= the vowel in
the Swedish word pronounoed as a monophthong, tt6.rt= as a diphthong'

piepen
PiPa
piepen

kicken
kieka
kícken

Theke
tekopp
tekopp
Theke

Täter
täta
täta
Täter
tätscheln
tätting
tätting
tätscheln
Pate
pater
pater
Pate

Itr l

ltl

l*r l

ler l

l"r l
lel

l"r l
ltul

5V.
,l

ty.
SV.

5V.
d.

ty.

ty.
5V.

m.
d.

ty.
SV.

m,
d"

ty.
SV.

m

d.
ty.
5V.

m.
d.

ty.
SV.

ty.

9ü
105
60

158
1sCI

150
120

158
158
165
113

158
158
123
15û

1û5
12A
6B

135
1BB

60

12ú
14-3
90

162
173
188
132

9B
120
71

150 msec.
165 rr

g3'

var. bredd. ß5-218 msec.
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A SPECTROGBAPHIC STUDY OF OPHONTC VARIATION AND VO REDUCTION ÏN

.tf

[^/EST GHEENLANDTC

Sidney Wood

$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.

JI
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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



?B

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:



91

(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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