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Die Bedeutung der Sprachstruktur fiir die Analyse
des Sprechens
Problemgeschichtliche Erorterung

Von EBERHARD ZWIRNER, Miinster

1. Geschichtlicher Teil

Am Ende des 18. Jahrhunderts hat der deutsch-danische Archio-
loge Georg Qoega* in seinem Werk «De origine et usu obeliscorum»
(39) eine classis notarum phoneticarum vier «ritselhaften» Klassen
hiéroglyphischer Zeichen gegeniibergestellt. Mit dem Begriff der
nota phonetica hat er das neulateinische Wort phoneticus geprigt.
“To George Zoega“, schrieb 1853 M. Russell?, ‘“‘also belongs the
merit of employing (1797) the term phonetic’’ und 1880 wieder-
holte Renouf®: “That the oval rings” — namlich auf der 1799 bei dem
jetzt zerstérten Fort St. Julien der unteragyptischen Hafenstadt
Rosette gefundenen Inschrifttafel (6) — “contained royal names was
first pointed out by the Danish scholar Zoega, who was also the first
in modern times to essert that some hieroglyphic characters were
phonetic.”

Ein lateinisches Wort phoneticus gab es nicht. Im Griechischen
kommt pwvnrids als Adjektiv — und zwar nur in der Zusammen-
setzung gwvnrika "opyava — Sprachorgane — vor, ferner pwvyticdy als
Teil der Seele* — also etwa Sprachvermdgen ; Borinski vermutet, daB3
— «nach griechischem Sprachgebrauch» — bei gwvyriksy zunichst
7€xvy zu erganzen sei; danach erst — als medius terminus — zugleich
die damit beschiftigte ematiun oder Sewpia’.

Bereits fiinf Jahre nach dem Erscheinen des Werkes von oega

1 Vgl (38); (20).

* (28) S. 434.

3 (26) p. 13; vgl. (22).

4 Plutarch moral, p. 898.
5(4)S. 1.

3 Phonetica, Kongre3
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stellte der schwedische Archiologe Akerblad (1) ein phonetisches
Alphabet der Kursive auf, die seit Herodot als demotische Schrift be-
zeichnet wird (21, 10). In ihr driicken die phonetischen, also die
lautbezeichnenden Zeichen entweder einen — das sind die sog. alpha-
betischen Hiéroglyphen — oder mehrere Konsonanten aus (34). In
den folgenden Jahrzehnten blieb der Begriff der Phonetik zunichst
noch auf die Kennzeichnung von phonetischen Schriftzeichen be-
schrankt. «Le monument de Rosette nous présente I’application de
ce systéme auxiliaire d’écriture que nous avons appelé phonétique,
C’est-a-dire exprimant les sons, dans les noms propres des rois Alex-
andre, Ptolémée, etc.» schreibt M. Champollion 1822 in seinem offenen
Brief an Dacier*. In der Auseinandersetzung mit Young und Salt (30)
von 1825, welche einige Jahre danach von Russell? ins richtige Licht
gesetzt worden ist, wird der Begriff der phonetischen Hiéroglyphen
bereits als feststehender wissenschaftlicher Terminus gebraucht.
YOn 1833 an benutzt auch Franz Bopp den Begriff — allerdings
bereits mit einer schon stirkeren Hinwendung zur Aussprache. Er
gebraucht ihn im Sinn des offenbar von ihm gepragten Terminus
«euphonisch» und immer mit dem Zusatz «rein phonetisch» oder —
n9ch ofter — «bloB phonetisch». «Ich glaube, in Kompositen wie...
dfe Verlingerung des Endvokals des ersten Gliedes der Komposition
nicht als rein phonetisch, sondern als Folge der Dualflexion an-
sehen zu diirfen3» oder — etwa 40 Jahre spater — «Ich erkenne in
dem Zischlaute dieser Form weder einen Zusammenhang mit dem
(?harakter des Futurums noch mit dem des Desiderativums sondern
einen bloBen phonetischen Zusatz». ,
Drei.jahre spater — 1836 — spricht Wilkelm von Humboldt. der
Cﬁc;lm[zollfonhziﬁ'(;t, h— neben einer «intellectuellen» — von ::iner
«phonetischen Technik» i i i
ih};er e bedient»lz' » «deren sich die Sprache zur Erreichung
Im selben Jahr unterschied Friedrich D
fahr in Zoegas Sinn —
Prinzip gegriindet sin
Prinzip stiitzens.

' iez — noch einmal unge-
Lautbezeichnungen, die auf das phonetische
d, von solchen, die sich auf das etymologische

1837 gebraucht Rudolf von Raumer den neuen Begriff nicht mehr
1(7) 8. 4.

% (29) S. 184-191.

3 (3) 8. 1428.

4 (16) S. 89, Akad. Ausg. VII, 1, S. 84,
5 (8) S. 67.
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nur fiir geschriebene Zeichen, sondern nun zum erstenmal expressis
verbis auch fiir die Untersuchung der Aussprache selbst. Zwar
spricht auch er gelegentlich von « phonetischer Schreibweise »,'die
er der historischen gegeniiberstellt. Im iibrigen aber unterscheidet
er — ahnlich wie vier Jahre spater Robert Gordon Latham® — zwischen
graphischer, etymologischer und phonetischer Identitétz..« Da die
Umwandlung der Wérter nicht auf den geschriebenen Zeichen be-
ruht und auf den Ahnlichkeiten derselben», heiBt es in der Erstlings-
schrift des Zweiundzwanzigjihrigen in Anlehnung an Auffassungen
Johann Andreas Schmellers®, «sondern auf den gesprochenen Lauten, so
miissen eigentlich mit aller Etymologie phonetische Untersuchungen
Hand in Hand gehen.»

So selbstverstindlich dies klingt — und vermutlich (zum Scha-
den der Sache) immer geklungen hat —, so schwierige Probleme ver-
bergen sich hinter diesem «selbstverstandlichen» SchluB, da8
«eigentlich mit aller Etymologie phonetische Untersuchungen
Hand in Hand» zu gehen hitten. .

Denn so gut wie alles ist hier problematisch, und es hat eines
vollen Jahrhunderts bedurft, um zu sichern, was hier unter «aller
Etymologie», unter «phonetischen Untersuchungen»3 vor allem
aber, was hier unter «Hand in Hand» zu verstehen sei.

Daher scheint es nicht unangebracht, heut — rund 130 Jahre
spater — einen «KongreB fiir Phonetische Wissenschaften» mit einer
Erorterung der hier von dem jungen Raumer aufgeworfenen Pro-
bleme zu eroffnen.

Leicht zu beantworten ist noch, was Raumer unter phonetischen
Untersuchungen verstand. Er selbst hat diese Frage in einer Ab-
handlung von 1858 beantwortet, die den Titel tragt: « Die sprach-
geschichtliche Umwandlung und die naturgeschichtliche — oder
wenn man lieber will (fiigt er 1863 hinzu) naturwissenschaftliche ¢
Bestimmung der Laute5.» Hier also findet sich zum erstenmal diese
Gegeniiberstellung, die bis zu den ersten Veroffentlichungen der
T 1(19) S. 124; vgl. (40) S. 46 £. u. S. 127,

1(25) S. 18 1.

3 (35; 33). )

4 Der Begriff der «Naturwissenschaft» stammt von Christian Wolff. Er findet sich
zuerst in seiner Schrift «Verniinftige Gedanken von Gott, der Welt und der Seele des
Menschen, auch allen Dingen iiberhaupt» von 1719. Im Jahre 1849 hat ihm Schie'l (in
seiner Ubersetzung von John Stuart Mills System of logic) den Begriff der ((GC.IStCS-
wissenschaften» (fiir social sciences) gegeniibergestellt, Vgl. dazu (14) S. 163; sowie (9)

S. 5.
5 (25) S. 368.
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Prager Phonologen, ja bis heute eine so wichtige — um nicht zu
sagen: verhéngnisvolle — Rolle fiir die Aufhellung dieses Fragen-
komplexes spielt.

Was versteht Raumer unter «naturgeschichtlicher» oder «natur- -

wissenschaftlicher» Bestimmung der Laute? «Die naturgeschicht-
liche Bestimmung der Laute», schreibt er, «hat sich zuvérderst
ganz zu halten an die Laute der Gegenwart als das Object unmittel-
barer Beobachtung. Der Hauptgegenstand der Beobachtung ist die Art
der Hervorbringung der Lautel (an anderer Stelle: die «Bewegung
der Lautwerkzeuge»). Unterschiede, welche das Ohr wahrnimmt
oder Yvahrzunehmen glaubt, sind nicht von der Hand zu weisen.
{\ber in den Kreis scharfer naturgeschichtlicher Beobachtung treten
sie erst daI.m ein, wenn es gelingt, die Verschiedenheit der Herpor-
brzngung mit Bestimmtheit nachzuweisen.» Dazu als Anmerkung:
«.Ich stlmrfle hier den Ansichten Briickes bei.» Raumer bezieht sich ir;
gf}s]:r %\Iof:xz V05151863 auf die 1856 erschienenen « Grundziige der
10logie un S i i i
o E,ist gt )('5§?mat1k der Sprachlaute» des Wiener Physio-
Unter «naturgeschichtlicher Bestimmung» versteht Raumer also
sowoh.l das, was wir heute als sprachphysiologische, als auch das
was wir hf{utﬁ als auditive Methode kennen, wobei l::tztere bei ih ’
in Abhéng}gkeit von der ersteren verstanden wird — offenbar . lrlr;
in der Meinung, daB der hérbare Laut die Wirkung der ilfowo
ttxirsaciljlenden Bfewegung der Lautwerkzeuge, als auch,g daB diena::ill::
Sexi/eDarIlstci;is:shgliciu;;ggzzln .minlt\i/Ier.er Exaktheit als die physiologische
. eme Meinung der Zeit war, zeigt ef
;f;%n\ir:% elferl:In:im von Helmﬁol;‘z aus dem Jahre 1862 ,«?;ig 21; 27/:;:
rurwissenschaften zur Gesamtheit der Wiss haf-
ten» (14). Eine physikalisch-akustis i Spract
laute gab es in der Mitte der vorigenC }‘}Zh]:ﬁit:lr;l:;tl:nfof}frniirt%h-

phonetik bis in die dreiBiger Jahre dieses Jahrhunderts —

Hinzu kommen heute selbs getan hat,

tverstindlich die physiologischen Pro-

1 DaB bereits P. Nigidius die
hellt aus einer Bemerkun,
christlichen Jahrhundert

X Physische Entstehung der Laut
g Uber die gutturale Nasalis bei Aulus (}l:z

.

e beobachtet hat, er-
llius (1.1) im 2. nach-
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bleme der nerviosen Erregung der im Sprechen in Aktionsgemein-
schaft tretenden Muskeln aus den beiden sich kreuzenden anato-
misch-physiologischen Systemen: dem Magendarmtraktus — vom
Mund bis zum Pharynx — und dem Atmungstraktus — von den
Nasenoffnungen bis zum Larynx —, sowie die Frage ihrer zentral-
nervosen Steuerung, die seit der Entdeckung des motorischen Sprach-
zentrums durch den franzosischen Chirurgen und Anthropologen
Paul Broca und des sensorischen Sprachzentrums durch Karl Wer-
nicke immer stirker in den Mittelpunkt der Aphasieforschung — und
damit der Hirnforschung iiberhaupt, der Kybernetik! im besonde-
ren — getreten sind.

Zwar schrankt auch Raumer in der Tradition der phonetischen
Lautzeichen Soegas das Gebiet der Phonetik in der Regel auf die
Erforschung der Sprachlaute ein. Aber bereits 1837 spricht er doch
auch von dem «Nacheinander» der Laute in der «Melodie»?,
spater auch von der Umgestaltung eines Sprachlautes «durch die
Nachbarschaft eines anderen»3, und in einem «Offenen Brief an
den Herausgeber der Zeitschrift fiir die deutschen Mundarten»
Karl Frommann von 1857 (25a) wiinscht er die wirkliche Sprache
verschiedener einzelner Menschen aus einer und derselben Gegend
mit diplomatischer Genauigkeit kennenzulernen und will, «daf§
man deren Sprache so treu wie moglich zu Papier brachte»4.

«Hitten wir einen Apparat», heiit es dort, «der das Gespro-
chene ebenso treu auffaBte und auf dem Papier befestigte, wie das
Daguerreotyp das Gesehene, so wiirden dessen Leistungen dem ent-
sprechen, was ich wiinsche.» In dieser Weise will er erstens «den
Satzbau des Sprechenden» festgehalten wissen, dann «die vom
Sprechenden wirklich gebrauchten grammatischen Formen», und
erst an dritter Stelle «wiirden noch die Laute des Sprechenden mog-
lichst treu wiederzugeben sein».

Hier weitet sich zum erstenmal das Gebiet der Phonetik auf das
ganze Problem der Realisierung geltender — und das heiBt: in ge-
schichtlichen, geographischen und sozialen Riumen geltender —
Strukturen aus, was freilich nach ihm durch die sich seit Rousselot
entfaltende Experimentalphonetik bald wieder — wenigstens dem
Programm nach - auf die Untersuchung der Laute eingeschrankt

1(18) S. 31-71.
2 (25) S. 5.

3 (25) S. 376.

4 (25a) S. 365.
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worden ist, obwohl in den Problemen der Sprachmelodie, des Ak-
zents, der Quantitit, der Pausen immer schon auch die den Einzel-
laut transgredierenden suprasegmentalen Eigenschaften behandelt
worden sind.

. Zugleich mit seiner Forderung, das gesamte Gebiet der Reali-
sierung geltender Strukturen ins Auge zu fassen, duBert Raumer den
Waunsch, auch das bis dahin noch so gut wie nicht beachtete Problem
der Schwankungen ~ und zwar sowohl im Gebrauch grammatischer
Formen als das «lautliche Schwanken vieler Wortformen » zu beob-
achten!. An anderer Stelle spricht er von einer « Mannigfaltigkeit
von Zwischenlauten in der lebendigen Rede» —, wihrend die Schrift
z.B. .bei [t/ und /d/ nur den «weichsten und den hirtesten Grad»
bezeichne. (Hier kiindigt sich das Problem des «Gegensatzes» an
von dem Jespersen spricht® — bzw. der « Opposition» der Prage;
l?honol.ogen.) Wenn Raumer fortfahrt, daB «alles, was dazwischen
liegt, sich gefallen lassen musse, unter /d/ oder u;ter [t/ eingereiht
zu werden», so versteht er diese beiden Laute hier bereits als stati-
sUs.che Klassen — wenn auch in dem Irrtum befangen, daBl dieses
«Sichbegniigen» (wie er es nennt) eine Besonderheit der’Schrift und
zwar — gemessen an der Fluktuation der gesprochenen Sprache: ein
Mangel der Schrift sei, der die « scharfe» — und das heiBt wohl al;ch :

autochthon naturgeschichtliche — Beoh
. - acht i .
phonetische Verfahren geradezu fordere, ung als das eigentlich

Wiederaufgenommen wird dje

rung des U§u.s in bezug auf die lautliche Seite
ohrfc daB diejenigen, an welchen die
geringste Ahnung davon haben 3.y

Zum
erstenmal ausgesprochen wurde diese Erscheinung iibri

S der Sprache vollzieht,
Veranderung vor sich geht, die

1(25a) S. 366.
* (17) S. 1084
*(23) 8. 55,
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gens schon Jahrhunderte vorher — und zwar durch Dante. In seiner
nach 1305 entstandenen Abhandlung «Von der Volkssprache»!
heiBt es: «Was sich langsam bewegt, konnen wir am wenigsten beob-
achten. Und je langere Zeit das Beobachten der Veranderung eines
Dinges beansprucht, fiir um so feststehender halten wir es. Wir
wundern uns also nicht, wenn die Meinungen der Menschen ..
dahin gehen,daB eine und dieselbe Stadt stets mit derselben Sprache
gelebt hat, da die Verinderung der Sprache innerhalb derselben
Stadt nur in einem sehr langen Zeitablauf allmahlich vor sich ge-
gangen und das Leben der Menschen ihrer Natur gemaB sehr kurz
ist. Wenn also in ein und demselben Volk die Sprache sich, wie ge-
sagt, verandert im Lauf der Zeiten und auf keine Weise feststehen
kann, so muB sie bei getrennt und entfernt Lebenden sich mannig-
fach verandern.»

Hinzuweisen ist an dieser Stelle auf Unterscheidungen noch
eines anderen deutschen Sprachforschers und originellen Denkers
aus dem ausgehenden neunzehnten Jahrhundert: auf das 1891 er-
schienene Werk «Die Sprachwissenschaft» des Professors der ost-
asiatischen Sprachen und der allgemeinen Sprachwissenschaft an
der Universitat Berlin, Georg von der Gabelentz, dessen Bedeutung fiir
die moderne Linguistik wohl allzu sehr hinter dem posthum er-
schienenen Werk seines groBen Genfer Zeitgenossen Ferdinand de
Saussure zuriickgetreten, um nicht zu sagen: vergessen worden ist.

Die Aktualitit des nun fast 75 Jahre zuriickliegenden Werkes
liegt zundchst in der von Gabelentz gesehenen Verschiedenheit
der damals allgemein betriebenen «historisch-genealogischen Sprach-
Jorschung» von der von Gabelentz geforderten «einzelsprachlichen For-
schung» — eine Verschiedenheit, die erst auf Grund der Saussureschen
Unterscheidung diachronischer und synchronischer Sprachwissen-
schaft durch Phonologie und Strukturalismus der letzten 30 Jahre
allgemein akzeptiert worden ist. (Zu beachten ist, daB von der Gabe-
lentz, wie nach ihm de Saussure, die einzelsprachliche bzw. die syn-
chronische Sprachforschung vor der genealogisch-historischen bzw.
der diachronischen abhandelt.)

Von der «lebenden Sprache» im Sinne von Einzelsprache sagt
Gabelentz?, daB sie «in jedem Augenblicke etwas Ganzes sei». «Man
bildet sich nur zu gern ein, man wisse, warum etwas jetzt ist, wenn

! De vulgari eloquentia; erste Ausg. (in ital. Sprache) 1529; kritischer Text von
Bertalot 1917; Deutsch von Domnseiff und Balogh 1925. Zitiert nach (2) S. 44.
% (12) 9f.

VLTI DU S S S
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man weill, wie es frither gewesen ist, und die einschlagenden Ge-
setze des Lautwandels kennt. Das ist aber nur insoweit richtig, al
dl.CSC Gesetze allein die Schicksale der Wérter und Wortformei’ beS
s?mmen. Wei8 ich z..B., daB lateinisches /f/ im Spanischen zu /h/-
{i:)/nvic;rl Xokalle:n zu | j [ (sprich y), die Endung der zweiten Deklina:
jion im ingular /o( im Plural Jos/ geworden ist: so ist es mir erklir-
1ch, wie filius zu hijo werden mufBte, Gesetzt nun, jedes Wort und
Jede Form der spanischen Sprache wire auf diese’ Weise genetiszh

abgeleitet: wire damit die spanisch x .
nicht, denn die Sprache ist ebpe 1sche Sprache erklirt? Sicherlich

> nur von sich selbst abhingig. .. Nicht

en Phasen rache erklaren die lebend;
sondern die Jeweilig im Geiste des Volkes lebende Spraclfeseﬁ;fi:

: it:]ile. ;ynchronische Sprachwissenschaft», heiBt es 15 Jah
pater bel Saussurel, «befaBt sich mit logischen und psycholo ischer .
. . n
» welche zwischen gleichzeitigen Gliedern beftehen

€n, s0 wie sie von ej
: . nem und dem
tivbewuBtsein wahrgenommen werden. » selben Kollek-

«Die diachronische § rachwi
Beziehungen, die zwi Prachwissenschaft

system handeln, das zwische

s n allen i
der Sprachgemeinschaft besteht. — I;praChh
welchem Recht und wie weit von de
akten auf dieses Ganze, d.h. auf die

chen Aktualisierungen
n.d es tritt die F rage auf, mit
1 Jeweils untersuchten Sp;ech-
nicht untersuchbare Sprache,

T junggrammatischen Schule gelernt

diert; Georg won der G,
1893 Professor in Berlin, ‘

! Saussure hat in de

1881 in Genf, Leipzig und Berlin stu

5 er hat zwischenp |
Professor in Leipzig, von 1889— o751

belentz war von 1878-1889

\)
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die diese Ganzheit darstellt, geschlossen werden darf. Sodann ist die
Frage nach der Art der « Grenzen» dieses Systems zu stellen — und
zwar wiederum nach den geographischen, sozialen im weitesten
Sinn und historischen Grenzen. In dieser Fragestellung offenbart
sich der Vorrang der einzel-sprachlich-synchronischen Forschung
vor der genealogisch-diachronischen, die sich dem System dieser
Fragen geradezu einfiigt. Von der Gabelentz spricht daher hochst pra-
zis auch nur von einem «relativ vollkommenen System».

«Man wird mich nicht miBverstehen», schreibt er?, «wenn ich
die Gesichtspunkte der einzelsprachlichen und der sprachgeschicht-
lichen Forschung einander schroff entgegensetze. Die Gleichberech-
tigung beider erkenne ich ja an, und ich suche zu zeigen, wie die
beiden sich am Ende ineinander verweben miissen.»

Die Aktualitat seines Werkes liegt ferner in der Unterscheidung
der «Sprache als Erscheinung, als jeweiliges Ausdrucksmittel fiir den
jeweiligen Gedanken, d.h. als Rede», der «Sprache als einer einheit-
lichen Ganzheit solcher Ausdrucksmittel fiir jeden beliebigen Gedan-
ken» — etwa als «Sprache eines Volkes, einer Berufsklasse, eines
Schriftstellers usw.», als «Gesamtheit derjenigen Féahigkeiten und
Neigungen, welche die Form, derjenigen sachlichen Vorstellungen,
welche den Stoff der Rede bestimmen ». Und drittens der Sprache als
«Sprachvermigen, d.h. der allen Vélkern innewohnenden Gabe des
Gedankenaustausches durch Sprache» — «ebenso wie das Recht und
die Religion ein Gemeingut der Menschen»2,

Man erkennt auch hier wieder sogleich die Beziehungen dieser
Dreigliederung zu Saussure, dem sie — 15 Jahre spater — auch durch
die Unterscheidungen der franzosischen Sprache: parole, langue

und langage, nahegelegt worden sind.

Und wie Rudolf von Raumer — und spater Hermann Paul — betont
auch von der Gabelentz die Bedeutung der Schwankungen der Aus-
sprache. Ja, klarer als Raumer sieht er das Verhiltnis der endlichen
Zahl von Lauten einer Sprache zu der Fiille ihrer verschieden-
artigen Realisierungen. Sie verhielten sich «wie Arten zu Indivi-
duen, wie Kreise zu Punkten. .. immer duldet die Sprache einen
gewissen Spielraum». Und nicht mehr wie Raumer, hilt er es fir
einen Mangel der Lautschrift, daB sie den Reichtum aller Nuancen
der Rede nur in einer endlichen Zahl von Lautzeichen fassen kénne,
sondern er betont, dafl «der Sprachforscher» bestitige, daB in der

1(12) S. V.
3(12) S. 3£,



10 Zwirner, Die Bedeutung der

.I\/Iannigf'alti.gkeit der Realisierungen doch «immer dasselbe Wort...
tmmer richtig ausgesprochen» worden sei. Klarer lieB sich vor rund
75 Jahren kaum sagen, was uns in den letzten drei Jahrzehnten —

.nach Ausbildung einer physikalischen Akustik der Sprachlaute —
Immer stirker zum Problem geworden ist.

2. Systematischer Teil

) d[flngsclzlﬁst bliel?en bei Georg von der Gabelentz ebenso wie bei Ferdi-
ban de: lc)zussure die Fragen der «allgemeinen Sprachwissenschaft»
zw. die Probleme der langage. Beide definjeren die Sprache in die-

Prifft man, was Gabelonts i
s Z 1n der «allgemeinen § i
i)(;l(l)alt)t;t ;;lzgl::gxrlrllenispt, s0 sind es vier methodisch hﬁchslzrlil:::a::sgsen-
ichie, die er unter diesem Tite] b ich
' ¢ er ehandelt: namji
psychologische, physiologische (also biologische) Iingtfisttis:l?én 111l 02
s n
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— last not least — erkenntnistheoretische Fragenkreise, die zu entwir-
ren eine noch heute lohnende problemgeschichtliche Aufgabe wire.

Wie wenig Gabelentz ein derartiges Abgleiten auf andere Ebenen
aber eigentlich beabsichtigte, ergibt sich aus der Art, in der er diesen
Begriff der Sprache (gleich langage) einfiihrt und ihn neben die Be-
griffe des Rechts und der Religion stellt. Hier wird klar, daB es sich
nicht um ein «Vermoégen» in irgendeinem vagen psychologischen
oder gar physiologischen Sinn handelt, sondern um ein System, das
er von anderen — vergleichbaren — Systemen unterschieden wissen
will. Das heif3t, daB sich fiir ihn dieser Begriff der «Sprache iiber-
haupt» auf das System jener Begriffe und Relationen bezieht, die
der Linguist voraussetzen muf}, um sein Objekt, die Einzelsprachen,
in synchronischer und diachronischer Hinsicht ins Blickfeld und in
den Griff zu bekommen.

Bei dieser Auffassung tritt die Linguistik mit ihrem spezifischen
Ziel und ihrem System von Voraussetzungen neben die iibrigen
Wissenschaften, die durch ihre Ziele und Voraussetzungen definiert
sind. Der Natur der Sache nach sind das zunichst die ebenfalls auf
Quellen bezogenen Disziplinen der Geschichte und der Literatur-
wissenschaft, sodann die Psychologie mitithren Beziehungen zur inneren
und Aufleren Psychophysik im Sinne Fechners?, d.h. zu Physiologie
(Biologie) und Umuwelt (Soziologie und Geographie). Erst danach
folgt der Bezug auf die « Mathematik» und die «mathematischen
Wissenschaften» Physik und Chemie.

Uberblickt man das halbe Jahrhundert, das seit dem ersten
Internationalen phonetischen Kongref3 im Jahre 1914 vergangen ist,
so wird man zwei Phasen der Forschung unterscheiden konnen: die
erste, die zu dem von Facob van Ginneken — wohl in Anlehnung an den
englischen Begriff der phonetics — gepragten Begriff der «phoneti-
schen Wissenschaften» gefithrt hat; und die zweite, die die Zusammen-
gehorigkeit dieses Systems phonetischer Wissenschaften wieder sicht-
bar werden 1aBt. Dieser Zusammenhang hat sich inzwischen als ein
Gefiige gegenseitiger Abhangigkeiten erwiesen, deren Struktur nicht
ohne Bezug auf das eben angedeutete System der Wissenschaften
untersucht werden kann.

Die fiir den Fortgang der phonetischen Forschung entscheiden-
de Erkenntnis scheint mir dabei die Einsicht in den Vorrang der lin-

1 Auf deren Bezichungen zu den Biihlerschen Kategorien des Appelles und der
Kundgabe kann hier nur hingewiesen werden.
2 (11) S. 101,




12 Zwirner, Die Bedeutung der

guistischen ielsetzung und Fragestellung zu sein. Das heifit, daB3 das
System der Sprachen auch Ziel und Aufgabe aller sog. «phoneti-
schen Wissenschaften» beherrscht, wodurch alle praktischen, nicht
auf reine Forschung abgestellten Bestrebungen: mutterprachliche
Erziehung und fremdsprachlicher Unterricht, Logopidie und Pho-
niatrie, automatische Spracherkennung, Lehr- und Ubersetzungs-
maschinen - von so groBer Bedeutung sie natiirlich sind — einerseits
klar von den rein wissenschaftlichen Richtungen unterschieden,
aﬁnder.erseits in ihrer Abhingigkeit von dieser wissenschaftlichen
linguistisch-phonetischen Behandlung des Fragenkreises erkannt’:
werden.

Ich beschranke mich im folgenden auf die Systematik der wis-
senschaftlichen Aufgaben und Methoden und auf ihre Bedeutung
fiir die Struktur der Phonetik als Teilgebiet der Linguistik, d.h. als
«Sprachwissenschaft vom Sprechen», wie Saussure sie n;nnt. In
welcher Weise Linguistik und Phonetik in den 35 Jahren seit dem
Hervortreten der Prager Phonologie zusammengewachsen sind, be-
da.rf heute }ceines Hinweises mehr. Dieses Zusammenwachsen ist, von
l?elde.n .Selten des Tales erfolgt, das die diachronische Schrift-
linguistik von der naturwissenschaftlichen Experimentalphonetik
der Ja}hrhundcrtwende trennte. Die verbindende Briicke zu schla-
gzrﬁ, l;st1 technisch durch den Schalltriger: durch Edisonwalze

o 2
ermﬁgllji :}::ewlgiléier'fonband, durch Tonfilm und Réntgentonfilm,

Unter w.issenschaftlichem Aspekt begann jener Briickenbau auf
der einen Seite durch die Hinwendung von Linguisten zunichst
schriftlosen Sprachen, vor allem den nordamerikanischen Indian -
sprachen, s‘odann zur Phonologie bzw. zur Phonematik, auf ;r'
a.nderen S?ltc durch die Erkenntnis der Abhingigkeit der : uan’c'ter
;v-ghcl)lneu;(‘:henhForschung von jener phonologischen bzm(rl pholnz-
matischen Forschung und deren Ergebnissen. i . ,
jener Beziehungen bzw. jener Abhénggigkeiten g]ir; e(:lfnl?izihe{lung
ze:1t als «Phonometrie» zusammengefaBten Bestrebunge S; mlfr-
st1sclIlem, sprachphysiologischem und statistischem Getg)i; e

mmer stérker sind in diesen drei Jahr e I
der auditiven Phonetik in den Vordergrt;]nd ;:t};:tt:::ll —(-i 1;11}:;:21;“}6
g orrr; der Abhangigkeit des Sprachverstehens von den linguistisch;
trukturen der verstandenen Sprache, andererseits in Form der Ab-

hingigkeit der akustischen und s :
rachph i
von der auditiven Segmendcrqu.P physiologischen Forschung
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Wo der modernen Linguistik ihre Hinwendung zu den Pro-
blemen der Realisierung linguistischer Strukturen heute noch be-
stritten wird, kommt dies dem Versuch gleich, der Biologie ihre
Hinwendung zu Genetik und Verhaltensforschung zu bestreiten mit
dem unvorstellbaren Argument, daB die Paliontologie an ihren
fossilen Objekten iiber die Petrefaktenkunde hinaus nicht weiter als
bis zur Palaobiologie vordringen kénne und daB die Biologie daher
ebenfalls nicht weiter vorzudringen brauche.

In dem halben Jahrhundert, das seit dem ersten Internationalen
Kongre8 fiir Phonetik vergangen ist, hat sich sowohl durch erkennt-
nistheoretische Erérterungen (40) als durch Deskription und Ana-
lyse eines immer groBer werdenden Materials klar und nun wohl
unwiderleglich gezeigt, daBl auch der sogenannte « Sprechvorgang»
in all seinen auditiven, physiologischen und akustischen Seiten nicht
analysierbar ist, wenn solchen Untersuchungen nicht die einzel-
sprachlichen Strukturen zugrunde gelegt werden, ohne welche der
Sprech vorgang eben kein Sprech vorgang ist. Die Ergebnisse
dieser Erorterungen der letzten drei Jahrzehnte diirfen daher dahin-
gehend zusammengefaB3t werden, daB das System der phonetischen
Aspekte: der auditive und der akustische, der sprachphysiologische
und der heterograd-statistische als Inbegriff der Realisierung gel-
tender Strukturen zu den Voraussetzungen der Linguistik selbst ge-
hért. Und wenn Rudolf von Raumer gefordert hatte, daBl «mit aller
Etymologie» — wir miiiten heute (und zwar durchaus im Sinne
Raumers) sagen; daf «mit aller Linguistik» phonetische Unter-
suchungen «Hand in Hand» zu gehen haben, so heifit das nichts
anderes. Es bleibt zu fragen, wie dieses «Hand in Hand» fiir die
linguistische und phonetische Forschung im einzelnen zu verstehen
ist.

Bei der Mannigfaltigkeit dieser Forschungsaspekte und erst
recht bei der langst dem Einzelnen uniibersehbar gewordenen Fiille
der Forschungsergebnisse, kann dieses «Hand in Hand» nur in
einem beinahe wortlichen Sinn verstanden werden: namlich als ein
«Hand-in-Hand-Arbeiten» eines Teams von Forschern verschie-
dener Ausbildung, die sich entschlossen haben, sich gemeinsam
einem Ziel: dem linguistischen Ziel der Erhellung des Systems der
Sprachen und Mundarten zu unterwerfen. Dabei ist das Auswahl-
prinzip fiir ein solches Team eine Funktion der Struktur der Lin-
guistik selbst: indem der Linguist — auch im engen und herkomm-
lichen Sinn — einem Objekt gegeniiber auch nur von «Schrift»
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spricht, muB auch er bereits voraussetzen, daf es sich dabei um
spezifische Symbole einer gesprochenen Sprache handelt. Und weiter
n:ll.lB er voraussctzen, daB die in geographischen, sozialen und histo-
rischen Riaumen geltende Struktur dieser Sprache sich im Sprach-
gf:brauch und d.h. im Sprechen einzelner — menschlicher — Sprecher
c!xeser Gemeinschaft realisiert, nur als solche tiberhaupt eine sprach-
liche Struktur ist und daher im Grund auch nur iz dieser Realisie-
rung gefunden werden kann. Damit aber sind die auditiven, akusti-
Zc.hen, physi<?ll;>gislchen und heterograd-statistischen Aspekté als Be-
mgungen jeder linguistisc - kei
e {1 e eralilcsen.hen Forschung keineswegs nur der
Dabei diirfen wir die Physiologischen, akustischen und auditiven
Aspekte zugleich als die drei Hauptphasen der phonetischen For-
sS:hung des letzten Halbjahrhunderts verstehen; der fast ausschlie-
lich muskel-physiologischen, $0g. «genetischen» ’Phase der Phonetik
vor .und nac{1 der :Iahrhundertwende ist seit den dreiBiger Jahren
?l]e immer stirker in den Vordergrund geriickte akustische Phase ge-
olgt. Und wenn nicht alle Zeichen triigen, stehen wir heute am
I?egmn der dritten Phase, in der zu diesen beiden Klassisch pho
tischen Aspekten die noch in jhren Anfingen steckende pgzc/z:lj:

gische: namlich auditi ; :
Gict (27) 1ive und sprechmotorische Forschungsrichtung,

A .
' ber alle diese immer enger zusammenwachsenden Forschungs-

Ziiczgg;ndb;ben sichim Lauf der letzten Jahrzehnte bereits auBer
ich differenziert. Zunichst einmal ; i
: alist unter erkenntnj

tlschem-, vor allem aber unter kommunikations- S
th:eoretxschem EinfluB die kommunikative Einp,

Sprecher spricht oder sprechen will — und das iiriﬂgf Illmr;neieit (ier
: jetzt —

OdeI‘ der Hﬁrer Sprechen h“l verst [I‘ - un a WICder
) ort und erste u d d i i
. 3 . . S helBt .
‘etzt 'y €rweisen SlCh dlese belden physiologischen « V Orginge » ~— 1 .
mm

N}erentétigkeit — als «prisenzielle Vorginge
wissen, daB sie sprechen oder héren -
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und Horens erweisen sich dadurch als prasenziell gegliederte Ereig-
nisse von eigentiimlich ganzheitlichem Charakter. Die Faktizitit
dieses Erlebens unter Vermeidung des Psychologismus in der Urteils-
theorie verankert zu haben, war — auch gegeniiber der Phinomeno-
logie Husserls — die epochale Leistung meines Lehrers Richard Hinigs-
wald, wie fiir unsere Generation Hans Wagner noch einmal nachge-
wiesen hat?,

Das Prinzip dieser Gliederung auditiver und sprechmotorischer
Erlebnisse aber ist — neben anderem — auch das Prinzip der lingui-
stischen Gliederung des Gehorten und des Gemeinten. Gliedert
sich also das Gesamtgebiet der Phonetik gemiB der erkenntnis-
theoretisch zu bestimmenden Struktur der Linguistik, so erweist
sich die Abhingigkeit der phonetischen Forschung auf all diesen
verschiedenen Gebieten: auf auditivem, physiologischem und aku-
stischem Sektor, von der Struktur der jeweils zu untersuchenden
Einzelsprache.

Das sind die Zusammenhinge, in deren Rahmen sich die alte
Muskelphysiologie der Lautstellungen, spater der Bewegungen der
Sprachorgane erweitert hat zu einer Neurophysiologie des Spre-
chens (bereichert vor allem in jiingster Zeit durch die Neuro-
physiologie des Horens) — eingeleitet z.T. durch die hydrodynami-
schen Hortheorien von Békésy und Ranke (24), zu neuen myo- und
neuroanatomischen Forschungen, zu zellular- und elektrophysiolo-
gischen sowie biochemischen Untersuchungen — zu weitreichenden
Einsichten also in die biologischen Bedingungen des Sprech- und
Horvorgangs. Nur im Zusammenhang neurophysiologischer und
kybernetischer Erforschungen zentralnervéser Vorgéange kann kiinf-
tig wohl auch die Rontgenologie der Sprechbewegungen vorwirts
getrieben werden.

Im Mittelpunkt aller phonetischen Untersuchungen steht nach
dem Gesagten der dem Linearitatsprinzip Saussures unterworfene
phonematische Text. Er stellt das Bindeglied dar zwischen allen For-
men phonetischer Deskription auf der einen, syntaktischer, lexika-
lischer, morphologischer und phonematischer Strukturanalyse auf
der anderen Seite. :

Dabei taucht zuerst das linguistische und statistische Problem
auf, mit welchem Recht von der Analyse eines endlichen Textes —
also eines oder mehrerer Sprecher, die in einer geschichtlichen und

1 (37) S. 1-22 und 93-123.
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daher unwiederholbaren Situation gesprochen haben — auf i
Sprache geschlossen werden darf, deren Struktur mit vergleichbaren
Strukturen anderer Sprachen, anderer Sprachschichten, anderer
Spltachepochen in Beziehung gesctzt werden soll. Zusarr’lmen mit
meinem Freunde Kurt Qwirner glaube ich, die Losung des statisti-
;cihen ?roblems vorbereitet zu haben (41). Wir haben gezeigt, daf3
Lf:r mcl'lt unbegrenz.te V.'er‘gréiBerung des Materials des R;itsels

osung 1st, sondern linguistische Beurteilung der Texte und ihre

g

, wih i i i
ol Anwendungen & rf:nd ihre praktische Bedeutung fir man-

bestritten werden soll.
Hier sieht sich also die
negativer Hinsicht - auf Inhalte der unter

ihren adaquaten Plat, haben muf1,  denen die Linguistik selbst

Die Erfo :
lichen Wech::?;r}lélmtr?eiineuen Sprache sieht sich einem eigentiim-
turen und dep hon is der auditiven Erf'assung realisierter Struk-
liber: immer wied Cmatls chen Kenntnis jener Strukturen gegen-
vieser st seit Tmbew“?}’ die phonetische Desklgip%i;n

L Phonematische Anal
Umgekehrt aber ist dje Kenntnis - ynq d?eysgeizfzz(ileltngordgn.
— des

Phoneminve
nt lir di
ars Voraussetzung fiir die auditive Deskription der zu
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Lautklassentext, der die linguistische Regel des hic et nunc Gemein-
ten und Gehorten darstellt. Unter dem ungliicklichen Zwang der
Zweiteilung in Phonologie und Phonetik war T7ubetzkoy immer be-
miiht, dem Phonem den Sprach- oder Sprechlaut gegeniiberzu-
stellen, wihrend die Praxis dazu zwingt, den Sprachlaut vom hor-
baren Laut der gesprochenen Rede, andererseits aber auch vom -
Phonem zu unterscheiden?®.

Zu den noch nicht geniigend beachteten Besonderheiten von
Abhortexten gehort ihr phonematisch-auditiver Unsicherheitsfak-
tor: wer Erfahrung im Abhéren von Tonbindern hat, weiB, da8
auch im Abhoren geiibte Kenner der betreffenden Sprache nicht
von Lautzeichen zu Lautzeichen gleiche Abhortexte gewinnen:
immer gibt es Stellen, an denen verschiedene Abhérer den an einer
bestimmten Stelle der gesprochenea Rede horbaren Wert verschie-
denen Lautklassen zuordnen. Dies ergibt sich aus dem Verhiltnis
endlicher Lautklassen zu den unendlich vielen Méglichkeiten ihrer
Realisierung, die alle denkbaren Uberginge zeigen kénnen. Solche
Stellen konnen insofern von besonderem linguistischem Interesse
werden, als an ihnen zuerst Lautwandelerscheinungen zu erwarten—
und moglich - sind, die sich an den vergleichsweise «festen» Stellen
des Textes kaum oder jedenfalls nicht unabsichtlich einstellen wer-
den. Daf} dabei der Unterschied zwischen phonologisch relevanten,
distinktiven Oppositionen und phonologisch irrelevanten Opposi-
tionen von wesentlicher Bedeutung sein wird, bedarf kaum der Er-
wahnung.

Aber auch in den Abhortexten symbolisieren die Lautzeichen
noch Klassen, die allein es erlauben, die Fiille der nur noch quanti-
tativ faBbaren Variationen in einer Weise zu ordnen, die linguisti-
scher Deskription fiir vergleichende Zwecke geniigt. Hier erst treten
Sonagramm, Oszillogramm, Umhiillende, Pitch-Kurve und Ront-
gentonfilm ins Blickfeld des linguistisch orientierten Phonetikers.
Seine linguistische Orientierung erweist sich darin, daB er alle von
diesen verschiedenartigen Dokumentationsformen gewonnenen
MeBdaten iiber den Abhortext dem phonematischen Text zuordnet,
der sich dadurch zu der Textliste erweitert. Diese erst wird — natiir-
lich nur grundsitzlich verstanden — fiir die kiinftige Linguistik das
eigentliche Objekt der Analyse werden, von dem aus sie zu den Da-
ten vorzudringen in der Lage ist, die die zu untersuchende Sprache
charakterisieren.

"~ 1Vgl dazu auch (32).

4 Phonetica, Kongres3
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Das Schema (Abb. 1) soll die Bezichungen der zum Sprech-
vorgang gehdrenden Sachverhalte und der Formen ihrer Erfor-
schung erldutern:

Waihrend die beiden AuBSenblécke des Feldes den Sprecher, der
stets zugleich Horer ist, und den Horer, der stets zugleich Sprecher
ist, und deren psychologisch-physiologische Funktionen darstellen,
bezieht sich der mittlere Block in seinem oberen Anteil auf das Ge-
meinte und Verstandene, also auf das Bezeichnete und auf das Be-
zeichnende?l, in seinem unteren Teil auf die Schall- und Licht-
wellenvorginge, die der Lautsprache und der Gestik zugeordnet

Kommu-
nikations-
forschung

Sprach-
psychologie

Djedns +
*31Q (03935 1G] ——t=ed

estikulieren]
Schreiben
Medulla

Periphere
Imoator. Nerven

Arm v. Hond
[Gostik]Schrelbbewy

sind. .
Voraussetzung exakter phonetischer Forschung ist die Fixierung

jener Wellen in reproduzierbarer, graphisch darstellbarer und me8-
barer Form, also durch Tonband, Film und Réntgenfilm einerseits,
Schalldruck- und Bewegungskurven (13) andererseits. Erst wo die
durch quantitative Bearbeitung gewonnenen MeBdaten den Abhor-
texten in Form von Textlisten zugeordnet sind, ist eine erschopfende
Analyse auch der phonematischen Texte durchfiihrbar.

Diese Komplexitat des Sachverhalts «Sprache» und der For-
men seiner wissenschaftlichen Erfassung verlangt die Schaffung und
Institutionalisierung von Arbeitsgemeinschaften, in denen Lingui-
stik, Logistik und mathematische Informationstheorie, Psychologie
und Soziologie, Neurophysiologie und Neuropathologie, Muskel-
und Sinnesphysiologie, physikalische Akustik und Rontgenologie
vertreten sind. Durch solche Institute erst wird die Forderung
Rudolf von Raumers vom Jahre 1837 erfiillt, daB3 «eigentlich mit aller
Etymologie phonetische Untersuchungen Hand in Hand gehen»

sollten.
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Discussion

El; Fischer-Jorgensen (Kopenhagen) : Aus den Ausfithrungen greife ich die Bedeutung
der phonematischen Struktur fiir die Analyse der phonetischen Manifestation heraus.

Die Weise, in der dieses Problem vorgelegt wurde, ist z. T. durch die Methoden
bedingt, die Herr Qwirner in seinen eigenen Untersuchungen verwendet, indem er
1. z. T. unbeschriebene Sprachen (deutsche Dialekte), 2. frei gesprochene Erzihlungen
als Texte verwendet, 3. sein Interesse besonders auf strukturell schwer faBbare Er-
scheinungen konzentriert (Akzent, Intonation usw.).

Die Wechselwirkung zwischen auditiver Auffassung und Kenntnis der phonemati-
schen Struktur, die Herr Qwirner erwshnt, ist fiir die Phase der Erlernung neuer Sprachen
kennzeichnend. Wenn man von dem phonematischen System mehr weif3, hért man an-
ders. Diese Phase muB der instrumentellen Untersuchung vorausgehen. Es ist zu emp-
fehlen, mit groBeren, statistisch zu bearbeitenden Untersuchungen zu warten, bis man
die Struktur der Sprache kennt. Man braucht zwar nicht das endgiiltige Phonemsystem
aufgestellt zu haben, muB aber die Oppositionen und die Kombinationsméglichkeiten
kennen, weil man bei der statistischen Bearbeitung funktionell verschiedene GroBen
auseinanderhalten muB (z. B. bei Dauermessungen von Vokalen solche Vokale weglassen
muB, die an der Quantititsopposition nicht teilnehmen) und weil die wichtigste Auf-
gabe einer phonetischen Beschreibung darin bestehen muB, die phonetische Manifesta-
tion der Oppositionen festzustellen.

Man tut sicher gut daran, bei solchen Untersuchungen mit den von Herrn Qwirner
verachteten isolierten Wortern und kleinen Sitzchen anzufangen, weil die Bedingungen
im zusammenhingenden Text so kompliziert sind, daB8 das Material inhomogen wird
und die verschiedenen Faktoren sich nicht entwirren lassen.

Man kann deshalb wohl sagen, daB es gewagt ist, mit teilweise unbeschriebenen
Sprachen und zusammenhingenden frei gesprochenen Texten anzufangen. Aber wer
wagt, gewinnt. Und man muB gestehen, daB8 Herr Jwirner mit seinen Quantitétsunter-
suchungen an deutschen Dialekten bemerkenswerte Erfolge erzielt hat. Nun stellt aller~
dings die Vokalquantitit ein relativ einfaches Problem dar. Bei einer Untersuchung der
Vokalqualitit miiBte man z. B. wissen, ob e und ¢ in den verschiedenen Dialekten zwei
verschiedene Phoneme wiren (was sich an einem kurzen zusammenhingenden Text
nicht ganz leicht entscheiden 14Bt).

Es gibt aber auch einzelne Probleme, die man ohne Kenntnis der betreffenden
Phonemsysteme untersuchen kénnte, z. B. die durchschnittliche Gré8e der Tonintervalle.
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Es handelt sich hier um Erscheinungen, die innerhalb einer Sprachgemeinschaft keine
Funktion haben, die aber von einer Sprachgemeinschaft zur andern in charakteristischer
Weise verschieden sein kénnen.

Das Problem der Transkription ist, wenn man mit isolierten Wartern arbeitet,
ka:um relevant; wenn man aber zu zusammenhéngenden Texten iibergeht (und das tun
wir wohl alle frither oder spiter), wird dieses Problem aktuell. Herr Lwirner unter-
scheidet hier zwischen phonematischem Text, allophonischem Lautklassentext und
I}bhﬁrte?(t. Aber die Prinzipien, die dem Lautklassentext und dem Abhbrtext unter-
hcgen,'smd mir nicht klar. Es ist evident, daB man das Band abhéren muB, nicht nur
bei freiem Gesprich, sondern auch bei vorgelesenen Texten. Denn erstens kann sich ja
der I:esende versprechen, zweitens muB man wissen, welches Phonem er, in den Fillen
wo .du? Wabhl frei ist (z. B. «werden» mit [e:] oder [e]), gewihlt hat, drittens miissen di;
Assufulationen und Weglassungen festgestellt werden. Man mu8 auch durch vorlaufiges
Abl‘lorcn feststellen, ob die Phoneme in verschiedenen Stellungen verschieden mani-
festiert werfien und demnach bei statistischer Verarbeitung getrennt behandelt werden
sol.lten. Es ist z. B. méglich, daB t und d im Anlaut durch Aspiration, im Inlaut durch
Stimmbhaftigkeit und Dauer unterschieden werden und das t im I,
bleibt. Aber die verschiedenen Stellungen (z. B. Anlaut, Inlaut usw. )
definiert und brauchen daher nicht im Text angegeben ;u werden; :
definierten Klassen sollte man ausgehen, nicht so, '
Textli:%tFn geschah, von durch die Abhérer festge:
unaspiriertes t).

Die Untersuchung der phonetischen Manifestation der iti i i
gesagt, die )Nichtigste Aufgabe, aber auch der Unterschied zwisc(}?é)rf) ?{S(;:;‘i)rzir;t;i;cl:\;z
Varianten ist von Interesse; man findet hier oft Unterschiede
Sprache shnlich sind; es muB auch erlaubt sein ,
gemeine Ziige hinzuzielen. Wir wollen doch nich,t
vergleichen, sondern auch das fiir viele oder vielleic
Herr Quwirner scheint diese Zielsetzung nicht aner
denkt, daB man dafir alle existierenden (und noch
suchen miiBte. Aber eine Induktion aus unendlic
wendig. Wenn man einige Sprachen von verschied
allen dasselbe Phiinomen gefunden hat (

nlaut unaspiriert
sind ja linguistisch
von diesen sprachlich
wie es in den ersten Phonometrischen
stellten Klassen (z. B. aspiriertes und

die von Sprache zu
bei der Untersuchung direkt auf all-
nur Einzelsprachen untersuchen und
ht alle Sprachen Gemeinsame finden.
kennen zu wollen, vielleicht weil er
nicht existierenden) Sprachen unter-
h vielen Sprachen ist Jja nicht not-
ener Struktur untersucht hat und in

z. B. a stirker als i), und wenn sich dies ni
c s nicht
aus der spezifischen Struktur der Sprachen, sondern im G’egcnteil durch allgem:i:ne

llzi}zsiﬂogiscl}‘: oder ph(}irsikalische oder kommunikationsméiBige Verhaltnisse erkliren

» dann kann man doch als eine wahrscheinliche H i

denzen schlieBen. Zwar mus man a in di il die soer i gemeine Ten-
. uch in diesen Fillen di i

untersuchten Sprachen beriicksichtigen, aber das Ziel ist eirllea?deezrlfss ehe Strukiur der

Antwort Qwirner: Den Unters
deshalb fiir groBer, als es Fraulein

p}}asen bedarf es noch umfangreicher wah:
Die Lésung soll dadurch wenigstens vorbe:
dem allophonischen Text einen Abhérte

rnehmungs-psychologischcr Untersuchungen.

reitet .\.verc.ien, daB3 wir von vornherein neben
xt beriicksichtigen.
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habe ich den Verzicht der ehemaligen Experimentalphonetik, an zusammenhéngenden
Texten zu arbeiten, obwohl dies doch schon damals an Schallplatten méglich gewesen
wire.

Nicht ganz sicher kann ich die Frage beantworten, ob ich mit Friulein Fischer-
Forgensen auch im Hinblick auf ihre Forderung einig bin, daB man Strukturen finden
sollte, die allen Sprachen gemeinsam sind. DaB es solche Strukturen gibt, leugne ich
nicht. Ich unterscheide jedoch zwei Typen dieser allen Sprachen gemeinsamen Struktu-
ren. Zu den linguistisch-phonetischen gehért es, daB man viele Sprachen untersucht, um
dann mit aller Vorsicht sagen zu konnen, daB das, was an vielen verschiedenartig ge-
bauten Sprachen gefunden ist, vielleicht fir alle Sprachen gilt.

Eine andere Form der Allgemeingiiltigkeit ist die, die Fraulein Fischer-Jorgensen
in ihrer Diskussionsbemerkung erwihnt. Sobald sich herausstellt, daB bestimmte Phino-
mene deshalb bei zwei oder mehr Sprachen gefunden werden, weil sie physiologisch
oder physikalisch oder kommunikationstheoretisch bedingt sind, also auBerlinguistisch
erklirt werden miissen, halte ich die Feststellung solcher Gemeinsamkeit selbstverstand-
lich fiir méglich. Nur handelt es sich dann eben nicht um linguistische bzw. linguistisch-
phonetische Erscheinungen, sondern um physiologische, physikalische oder andere
Voraussetzungen, mit denen der Linguist arbeiten muB, die ihm aber durch andere
Disziplinen gegeben werden, bei deren Erforschung es also gar nicht um das System
der Sprachen geht, sondern um physikalische oder biologische Systeme oder dergleichen.

G. Herdan (Bristol): I should like to stress the importance of Mr. Jwirner’s contri-
bution to the subject of statistical linguistics. He was among the first who, together with
K. Zwirner, showed phoneme occurrence in a given language to be a suitable field for the
application of statistical methods. Among other things, he arrived at the conclusion that
in order to get an idea of phoneme frequency it was not necessary to accumulate samples
of prodigious proportions, and still be in doubt whether they were sufficient, but that an
unbiassed random sample of moderate size was enough for obtaining reliable estimates
of the basic or population probabilities.

P. Meriggi (Pavia): Zu den einleitenden Worten von Herrn wirner méchte ich
mir eine kleine Randbemerkung nicht streng phonetischer, sondern allgemeiner Natur
erlauben. Es ist zu begriiBen, daB er den Ursprung des Terminus «System» auf den
heute fast vollig vergessenen Georg von der Gabelentz zuriickgefithrt hat (obwohl ich der
ketzerischen Ansicht bin, da die Sprache kein System darstellt oder doch nur mit
wesentlichen Einschrinkungen, eine Ansicht, die ich hier natiirlich nicht begriinden
kann).

Wichtiger ist wohl, zu bemerken, daB3 die Deutschredenden es gar nicht notig
haben, die Termini «langue» und «parole» beizubehalten, als ob sie uniibersetzbar
wiren. Wenn sie ihre alten, ihre groBten Sprachforscher lesen wiirden, was sie an-
scheinend wohl nicht mehr tun, wiirden sie finden, daB3 man mit der iiblichen Zuweisung
an de Saussure der fir die heutige Sprachwissenschaft wesentlichen Scheidung von
«langue» und «parole» ihrem ilteren Urheber H. Paul Unrecht antut, der nicht nur
zwischen «Sprachusus» (langue) und «gewshnlicher Sprechtitigkeit» (eben «parole»)
deutlich unterschieden, sondern sogar ihre kausale Verkettung entdeckt hat, indem er
die Ursachen der Sprach(usus)verinderungen in der «gewdhnlichen Sprechtitigkeit»
erblickte. Ein grundlegender Gedanke, den man auch bei de Saussure vielleicht voraus-
setzen, aber nicht ausdriicklich geduBert finden kann.

Antwort Qwirner: Ich darf darauf hinweisen, daB Georg von der Gabelentz von
«relativ» geschlossenen Systemen gesprochen hat. Vor mehr als 70 Jahren hat er bereits
Zweifel an der faktischen Geschlossenheit sprachlicher Systeme geduBert. Geschlossene
Systeme sind iiberhaupt keine empirischen Gré8en, sondern Modelle, mit deren Hilfe
empirische Systeme in vergleichbarer Form beschrieben werden kénnen. Dankbar bin
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ich fiir den Hinweis auf Hermann Paul. Kurt Qwirner und ich hatten zwar die GauB-
Verteilung aller von uns untersuchten Eigenschaften der Sprache bereits gefunden, als
wir Hermann Paul zu studieren begannen. Aber dann haben wir immer wieder auf die
«Prinzipien» von Paul hingewiesen und darauf, daB er — néchst Rudolf von Raumer —
wie kein zweiter der damaligen Generation auf den Zufallscharakter der Realisierung
sprachlicher Strukturen hingewiesen hat. Ich wiirde sogar sagen, daB die Phonometrie
in vieler Beziehung eine Fortsetzung junggrammatischer Bestrebungen im Rahmen der
strukturellen Linguistik ist. Ich billige keineswegs die Herabsetzung der Junggramma-
tiker durch Vertreter der neueren Sprachphilosophie.

E. Buyssens (Bruxelles): Il a été fait allusion 2 la paternité de la notion de systéme.
11 est exacte que zon der Gabelentz a parlé de systéme avant que paraisse le Cours de
Linguistique de Saussure: mais bien avant cela dans sa théme doctorale « Mémoire sur le
systéme primitif des voyelles dans les langues indo-européennes» Saussure a utilisé le mot
systeme pour P'ensemble des relations existants entre les voyelles. En particulier, il a
identifié des voyelles griace aux degrés d’apophonie.

Antwort Jwirner: Fiir den Hinweis auf die frithe Schrift von Saussure bin ich dank-
bar. Ich werde dieser Frage nachgehen, priifen, was in der frithen Schrift von Saussure
im Hinblick auf das uns interessierende Problem bereits enthalten war, und ob Georg von
der Gabelentz diese Schrift von Saussure gekannt hat. Er zitiert sie nicht.

FRNPURY S
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From the University of Pennsylvania, Philadelphia

Phonetic Reconstruction

By Henry M. HoENIGSWALD

1. “Phonetic reconstruction” is a natural collocation of terms,
inasmuch as the task of reconstructing a past stage of language
seems to have greater affinity to the phonological than to the
grammatico-lexical level of structure. Despite its origins, “‘compara-
tive grammar’’ has largely come to be, over the generations, histori-
cal and comparative phonology (“‘etymology” in earlier parlance),
and the reason for this is not just — as is often thought — an all too
human preference for the tidier and less exacting work in the more
manageable field. The hope that a merely greater, but still analo-
gous, effort is all that is needed to reconstruct the extra-phono-
logical phases of language more satisfactorily may well be false,
because what is reflected here is a true hierarchy. Its nature is
perhaps best understood when we consider what difference there is
between determining the phonemic shape of a given stem or affix in
an ancestor language on the one hand, and translating a grammati-
cal construction or a dictionary item into a reconstructed ancestor
on the other hand. The first can be done even in the face of contra-
diction, i.e. of other than only one-to-one correspondence, among
the descendant languages; the other cannot, unless recourse to
quite different types of reasoning is had 2. One of the safeguards of
sound etymologizing lies in our customary reliance on identity or
at least plausibility of meaning, and thus on a higher level than that
(namely phonological shape) on which results are sought. As we go
_-rl;xThe—meaning of Lautlehre, phonétique (in the wider sense). The equivalent to
Phonologie, phonologie used here is “phonemics”.

2 For somewhat closer, but very restricted, morphological and semantic analogies

to phonemic “comparative” reasoning, see my Language Change and Linguistic Reconstruction
(Chicago, 1960), p. 70f.
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beyond phonology with our demands for results, no analogous up-
ward appeal is available.

2. It is useless to speak about reconstruction without first gaining
a picture of the change processes to which language is subject; and
this, in turn, cannot be done without reference to the role of sound
in language structure quite apart from a consideration of change
processes. For instance, we must remember that linguistic judg-
ment rests on the hearer’s deciding, under relevant conditions?,
whether two given speech utterances are the same or different. No
segmentation is as yet introduced; we do not ask the subject to
distinguish sentences, phrases, words, syllables, phones, or features;
we merely want his reaction to pairs of texts (however short we may
like to keep these texts in the interest of simplicity). Segmentation
comes later®. We may find it convenient to blame the difference
between utterances that are judged different on one part of these
utterances rather than on the whole or on some other part. Thus in
the two texts, These are beads and These are beets we may wish to re-
gard the reported difference as lodged in the final “consonants”
rather than in some larger stretch such as, perhaps, the one taking
in the preceding “vowels”. This is to say that, although the prin-
ciple of segmentation may be considered necessary, there is nothing
necessary about a given way of segmenting. We may agree to use
such a way of segmenting, without claiming uniqueness for it, so
long as “different” utterances are not thrown together. Moreover,
we are always free to take a Saussurean view of our segments, where
any one of them is defined by its pattern of occurrence with all the
others. We may further choose to identify certain segments, especially
short ones, in the tradition of articulatory phonetics or on the basis of
some other quasi-measurement procedure. The choice has usually
been guided by hopes for fruitful generalization: sound types,
distinctive features, or compatability rules concerning either of
these may emerge as universally recognizable or may at least serve,
by their incidence or absence, to delimit typological areas on the
map. However that may be, we may picture our language as a
large corpus of texts, recorded in a ‘“phonemic” notation which
utilizes, in the familiar fashion, some physical segmentation of the
flow of speech. Besides, we know other things about these texts: we
1057 3 As in a ‘““pair test”; see Chomsky, N.: Syntactic Structures, p. 96 (s’Gravenhage,

)‘ In the logical sequence (though not necessarily in actual procedure).
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have (though by no means necessarily in this order) located the
morph boundaries within?, recognized morphemes and construc-
tions, and formulated certain relations which exist among the texts
in the corpus and among all “possible” texts. We have a phonology,
a grammar, and a dictionary; and we can, in princip‘le, name the
elements together with which a given element occurs 1n the texts®.

3. Statements about linguistic change, both conventional and
unconventional, typically take the form “A[B..> M[N..”, 1e. “4
in the environment B. . is replaced by M in the environment N..7,
where 4, B. . are elements? in the texts of one language, and M, V..
clements in the texts of another language whose descent from the
former has been established 8. The two languages are termed earlier
stage and later stage respectively. The implication is that many
texts of the later stage may be identified as equivalents of texts of the
earlier stage, on grounds furnished by a theory of translation. (At
the same time other earlier-stage texts are lost without replacement,
and other later-stage texts come into existence without replacing a
prototype — especially texts containing morphemes withf obsolete
and with new meanings respectively.) Thus NHG zwe: replaces
zween (aside from also replacing zwo and zwei); NE meat r.eplaces
flesh in some contexts but not in, say, ﬂesh[?wound; Gex:mamc p re-
places IE p after s but not in most other environments; in Greek, an
older s is in certain environments replaced by s, in others by O
(nothing) ; and so on. These replacement processes are classified as
sound changes if and only if the environment which needs to be ac-
corded to 4 in order to make the statement valid does not combl‘ne
with A itself to produce a stretch such as to be always coextensive
with a morph or morph sequence®. The elements which most
appropriately fill the positions of 4, B.., M, and .. are of course
phonemes, phonemic components, distinctive features, and the like.
We shall hereafter concentrate on phonemes, and represent a sour}d
change by writing a[b..> m[n. ., where a, b. . are the phonemes (in

§ Morphs are smallest meaningful phoneme stretches, not ncccssariI.y con‘tinuous.
Morphemes are classes formed from morphs and defined by the pattc‘:m in whxcl‘x they
contrast with each other or (which may amount to the same) by their grammatical or
lexical meanings. )

6 The formulation must in many cases be in terms of a generative grammar.

7 Including 07, or absence of any element. “Environments” must .be mutually
exclusive in order for such a notation as ours not to lead to any contradictions.

8 On descent, see footnote 25. N

9 “Sound change operates without exceptions” is, of course, a definitional state-
ment.
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some valid phonemicization) of the earlier stage, and m, n. . are the
phonemes of the later stage,

It should be noted that 2 and m are defined separately, each
with purely synchronic reference to all the other phonemes with
which it contrasts. Thus, IE p is “4” inasmuch as it contrasts with
IE ¢, bk, g, e. ., while Germanic p is “p” as distinct from Germanic
t,f, k. .. The replacement relation between the two is an independent
finding. This does not mean, however, that additional relations may
not exist between the replaced and the replacing phoneme, nor that
certain further observations cannot be made about the replacement
process.

One possible kind of observation concerns the connection of a
repl-accmcnt with other replacements. Some replacements are one-to-
one in the sense that there is only one source, namely q[b.., for
m[n.. .- All instances of Arabic f come from Proto-Semitic p; s; do
all instances of Hebrew p. All instances of Germanic p in p,osition
aft.el.r s replace an IE p. Other replacements are parties to mergers of
orlg.mal contrasts, where both a[b.. and c[b.. go to m[n... An
Italian ¢ replaces both Latin £ and &, A Germanic ¢ when pr;:'c'eded
by s and followed by r may go back to an IE ¢ preceded by s and
fol.low€3d by , but also to “0 preceded by s and followed by rZ With
FhlS dichotomy between one-to-one processes and mergers'there
mtersects another, according as ¢ goes to m in all environments
((.z[b. >mln..; ald..>m[n.. or >mfo..) or only in some en-
vironments (a[b..> m[n..; but ald..>p[n.. or > plo..). To
lll.ustrate such a conditioned sound change, or split: English 9“>.later
0 in one set of environments but > d in another, with the difference
between the environments themselves partly lost (hence wreath:
wretftke); IE p after s > Germanic £y but> fand > b in two ot‘;e;‘
environment classes; IE s > Greek 0 between vowels, but > sin
certain .other environments. The second dichotomy is ,however fa
less incisive than the first since it often depends on, the nota.’for
chosen.. If, say, sb were written instead of IE sp (a possible thoxi E
for. various reasons less elegant alternative!!) there woul;l be rglo
split, since IE 4 in general > Germanic p.

1 The phones or properties of [b..] and |
) .. n..[ may occur before
with, and after th i 1 i ’
with, 2 er the phones of /a and [m/ (in contact or discontinuously
f‘ Chiefly because of the parallel “sd”
“zd” in items like nisdos ‘nest”,

simultaneously
) in the speech

which 3 .
hich is a better notation for Brugmann’s
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We may also wish to take a more systemic view of sound changes.
There may be grounds for asserting that a descriptive parallelism
exists, in part or in toto, between the two phonemic systems; a, b,
¢. . together with their privileges of mutual occurrence on the one
hand, and m, n, o. ., likewise, on the other hand. In this sense we
may in particular make some assertion such as that & is homologous
to m, or perhaps even (by some extension of whatever principle
underlies here) that a is homologous to the union of m and 7 or that
the union of @ and & is homologous to 7. It then becomes a matter of
interest to state the extent to which phonemes are replaced by their
homologs. Suppose, for instance, that the sequences ab, ac and cb
occur but be, ba, ca do not; that nm, om and on occur but mn, mo, no
do not; and suppose moreover that the notion of parallelism from
system to system is in this case based, by agreement, on such cluster-
ing behavior, This makes &, b, ¢ homologous with o, m, n respectively.
The question is now whether or not it is also true thata> 0, b > m,
¢ > n. The stop subsystems of IE and of Germanic may well be
judged parallel, in which case IE 4, p, and b% and Germanic 4, p,
and f, in this order, would be plausible homologs; yet &% is not re-
placed by f.

It has become increasingly clear that the systemic properties
which are here considered have typological importance, in the sense
that they tend to be characteristic of languages, related or un-
related, spoken in parts of the same (often large) area during a given
(often long) period. This means that throughout such periods of
stability the processes of sound change may be expected to keep
moving within a framework of more or less readily identifiable struc-
ture points. It also means that when important alterations do appear
in the structural complexion of a language, these alterations are
likely to have a specific, area-wide direction of some sort. In the
absence of detailed knowledge of the machinery that is at work here,
it has proved most fruitful to treat language as if it were subject to
typological pressure toward a goal, be it in the nature of preserving
a prevalent, stable type or of working along with some readily
recognizable trend toward a new type. But it must be stressed again
that these pressures had better be thought of as specific factors in

history, in spite of their broad and slow way of operating; there is no
reason to acknowledge as circumscribing agents only such allegedly
“universal’” features as the general symmetry of linguistic (particu-
larly, phonemic) systems (possibly modified by anatomic asym-
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metries), the finite character of possible distinctive features, certain
constants having to do with functional load and with redundan-
cy, and generally the minimal requirement that a language remain
“a language™12,

After this digression, let us return to the classification of our
artificially isolated individual replacements. We have considered
their possible concatenation through merger and split, and we have
considered their relation to structural stability and instability. There
remains a third criterion: that of the phonetic properties of our re-
placements. This criterion looms so large in the existing literature
that we need not concern ourselves with it in detail. The textbooks
of general linguistics and the introductory chapters to our great
historical and comparative grammars are full of enumerations of
varieties of phonetic change: assimilation, simplification of clusters,
loss, emergence of glides, diphthongization, dissimilation, meta-
thesis, and many others. What interests us more deeply is the re-
lationship between this criterion and the other two points of view
introduced above. It is for instance a fact that the examples of loss
and cluster simplification are frequently also examples of merger
with “0” (as when /r—is replaced by 7— in most Germanic languages
and thereby produces homonymy with earlier r—, i.e. “0r-"). But
this is not necessarily true: suppose that a language in which all
utterances end in consonant 4 vowel drops its final vowels (..CV4#
> ..C#). This will constitute a case of C] V[ # > 0, but not a merger,
since there is no previous “0” between C and pause. On the other
hand, it contributes to, and may be the principal tool of] a striking
change in the structure of the language. Or consider the frequently
used and even more frequently implied notion of a sound “remain-
ing unchanged”. As a mere physical description this notion is apt to
b.e meaningless and unverifiable, but this is irrelevant in any case,
since statements of this kind usually turn out not to be intended as
mere physical description. At the very least, the intention may be to
describe the phonic substance of an m as more similar to that of the
a which it replaces than to that of the #’s and ¢’s replaced by »’s and
0’s, under criteria of similarity taken either from an universalistic
framework like traditional articulatory phonetics, or from an array
of distinctive features. But the intention may also be typological and
refer to homologs in a stable area. Only on grounds like these might

12 Martinet, A.: Eléments de linguistique générale, p. 215, (Paris 1960),
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one justify saying that IE p “remains” p in Germanic after s, but
“changes to” for b in other environments — a distinction which can-
not meaningfully refer to phonic identity or near-identity in any
absolute sense. It is of course common practice to regard certain
types of phonetic change (such as assimilation) as more plausible to
postulate than certain other types (say, unvoicing of consonants be-
tween vowels). But there are enough counter-instances to such
things to suggest that the ease or difficulty with which the many
physical varieties of change operate is itself somewhat subject to
typological restriction in space and time, hence less universal than
is thought. We sum up some of our argument by recommending
that in weighing the merits of a given reconstruction these two fac-
tors be taken into account: the leeway that exists for language
structure in terms of the area and the period insofar as these are
known; and the available replacement machinery, also in terms of
areal plausibility.

4. There are three contexts in which we might speak of phonetic
reconstruction. First, we may be asked to make pronouncements
about the phonetic properties of a language extant in the form of
written records. Secondly, our task might be that of reconstructing
such properties from a known later state of the ‘same’ language. The
third task is the most elaborate of all, namely that of retrieving
detail from material which is linked with the language in question
by the hypothesis of common descent. Like many distinctions, this
threefold division is somewhat impure; in particular, it does not
neatly partition the processes of history to which the three pro-
cedures are applied, since each procedure may be used in con-
junction with the other two. Still, as procedures, they are, to an
extent, separate and remain separable.

The simplest observations of sound change, and consequently
the simplest reconstructions of sound are made upon written records.
In the favorable case a descendant form of the language is known,
preferably from scientific present-day observation. Since this is not
the place to discuss the problems of decipherment, we may limit our-
selves to phonemic, and especially to alphabetic scripts, that is, to
those scripts which are designed to render minimum sound. The
way in which this is done is rather well known and requires no great
elaboration. Alphabets are, ideally, (morpho-)phonemic writings,
in which there is a letter to each phoneme as well as a phoneme
to each letter. Once a script is recognized as alphabetic, two kinds
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of question arise: In what respects does it fall short of the ideal of
pthnemic consistency?; and: What can we know in the way of pho-
netic fact that goes beyond the matter of phonemic consistency? On
the whole, the two questions are approached in quite separate ways.
A script may fail to render certain contrasts in any way. This is
often fatal, especially where whole phonemic subsystems are affect-
ed. The classical instance are the intonations and many of the stress
and “juncture” traits of practically all languages known from alpha-
betically written records but not fully analyzed from spoken texts;
the near-neglect of these features is of course part of the alphabetic
tr'adition. But even where the area of neglect is more capricious it is
difficult or impossible to infer the existence of particular contrasts
that are never represented in writing. It takes additional information
to suspect or discover it: it is of course well known how a knowledge
of alliteration, riming, quantitative prosody, etc., can help reveal
the presence of unwritten distinctions. Vowel length could be re-
cons'tructed for Latin, and correctly assigned to a large number of
parucuk}r Latin words, in this way, even if this reconstruction could
not, as s actually the case, be checked against the same result
obtained in other ways. If we suspect that a contrast has been left
unexpressed, a knowledge of the history of the script itself may tell
us tl?at, short of invention, no means of expression existed ythus
ma.kmg the neglect plausible. The opposite kind of inconsiste,nc is
easier to see. Both promiscuous and regulated uses of more than Z,ne
Ie'ttef‘ foi" a phoneme can obviously be detected; if the mutual
distribution of Q and C in Latin were not in turn ’complicated b
the two (phonemically different?) uses of V for either u or v .
should have no trouble deducing that QV represents a honerr‘;\i’e
¢v13, It is perhaps unnecessary to remind ourselves that thils) does no(t:
mean that the writers recognized, and intended to write positional
variants of phonemes (in this case, the rounded variety of,c befor:
In all known instances the complementary use of letters is no n(:ovr).
than an analog to the way in which allophones complement eacl(:
otfoxer; 1ts origin lies in the vagaries of writing itself, and it is often
episode in the gradual and mechanical reduction,of a superab iln
ance of letters over phonemes!4, Only by accident ma;') it b: r;:x:

4 2
IhCIC 18 no OOd reason to see a unit phOIlClﬂC n qu lf lrﬂpol tance were

accorded to this very second i i ;
e e s vy ary question. See Transactions of the American Philological

14 As in the case of the Greek qoppa.
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pected to correspond to some major allophonic division within a
phoneme. Deviations from phonemic writing which attach con-
sistantly to dictionary items may be given away by even small
numbers of informal and semi-literate writings where the irregulari-
ty tends to be removed.

A knowledge of descendant states of the same language introduces considerations
which will occupy us later. It contributes most to the interpretation of written records
where a finding of existing contrast needs to be confirmed, or where the absence of such
a finding leaves us in much ignorance. If metrical [and other] evidence were not avail-
able to establish the unwritten contrast between short and long vowels in Latin, it would
nevertheless have to be inferred from the contrast which most ‘“‘descendants” [e.g.
Italian] exhibit in the relevant places.

Within the limitations indicated, then, the internal evidence
of alphabetically written texts furnishes information on the number
of phonemic contrasts, and on the incidence and distribution of
contrast. It provides us with the means for a phonemic reconstruc-
tion in one very narrow sense of the word. To give body to such a
skeleton of phonemic structure points, other evidence and additional
considerations are needed. Some of the evidence comes to us along
with alphabet lore itself; we know of the use of the same alphabet
(alphabetic writing is, after all, historically connected throughout)
for other languages, and if part of that knowledge is granted, all
kinds of presumptions concerning the phonetic content of the
phonemic entities that are represented may be obtained. Familiarity
with Greek alphabetic practice would go a long way toward estab-
lishing facts about Latin phonemics and phonetics even if Latin had
to be deciphered without any other outside aid. It is further well
known that decipherers make crucial use of notions which they
regard as self-evident and which are indeed either linguistic uni-
versals or at least solid characteristics of the typology which happens
to be involved. Here belong, in particular, certain assumptions on
syllable structure, on the relative frequency of phonemes with
vocalic and with consonantal phones, on the special properties of
utterance-initial and utterance-final phoneme sequences, on the
expected frequency of “word” boundaries and its relation to signs
(including spaces and punctuations) suspected or known to be word
or phrase dividers, and so on. There is, moreover, the evidence (if
its availability be granted) of borrowings from and into other known
languages with its many intricate phonetic and phonemic aspects*®.

5 Sturtevant, E. H.: Pronunciation of Greek and Latin? (Philadelphia 1940), passim.

5 Phonetica, Kongre3
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5. We are now ready to turn to internal reconstruction — a
subject which has been treated extensively in recent years®, Internal
reconstruction i3 based on the grammatical alternations between
phonemes (on the morphophonemics) of a language state. It aims
at the recovery of the processes which have resulted in the alter-
nations. In a manner quite similar to what is true of the interpretation
of alphabctically written records, it yields primarily the phonemic
shapes, or approximations to the phonemic shapes, of morphs and
morph scquences as they must have existed before the operation of
the processes in question. Only incidentally and secondarily does it
provide more strictly phonetic information. In addition, it has other
limitations.

The principles of internal reconstruction may be derived rather
simply from the theory of sound change as outlined earlier, as well
as from a handful of simple assumptions governing morphs and
morphemes. There is a superficial, partly valid and partly deceptive
analogy between the allomorphic structure of morphemes and the
allophonic structure of phonemes. Thus, there are positional allo-
morphs which are non-contrastive (e.g. NHG gut: bes— [in besser
best); NHG [vdlt]: [véld-| [Wald:Wild(er )]) in the sense that neithe;
of the two!? forms in partnership ever occurs surrounded by the
same morphs. Sets of allomorphs are of two kinds: suppletive or
morphophonemic. The latter are distinguished from the former by
the fa(ft that the phonemic differences between the co-allomorphs
recur in other scts of allomorphs; /a/ alternates with e/ in arg:
Arger, alt: Eltern, [t] with [d] in Feld: Felder, lud:laden, whereas no
comparable statcment could be made about gut: best. It may be
taken as axiomatic that suppletion is the effect of some grammatical
process .(oftcn against a background of syncretism where formerly
contrasting morphs develop a complementary and hence allo-
mo.rphic distribution®) or else the last remnant of a sound change
which then, in its very isolation, is already at the point at whichgit
ceascs to be useful as a datum from which to reconstruct 1, Morpho-
phoncmically related allomorphs, on the other hand, are the t pic 1
remnants of sound change. ’ pies

18 Chafe: Language 35: 477-495 (1959); my note in L :
and Kurylowicz in the Proceedings of the Ni) ih Tntomational Caorm sp a2 (1960);

nth International Congr f Lingui
Horace G. Lunt), p. 9-36, give the most recent treatment, ress of Lingolats (ed.
17 Or more,

18 LCLR, p. 48f.
10 Ihd., p. 49.
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In order to recover the change process it is necessary to examine
the terms of the phoneme alternation as it recurs in the relevant sets
of allomorphs. Some alternations are #rregular, in the sense that the
environments which determine the choice of one allomorph over the
other (or rather: of the allomorphs with one of the two alternating
phonemes rather than those with other) require the naming of
specific morphs. The alternation of NHG [a/ with [e/, where it occurs
at all, can only be stated in terms of the grammar of inflections and
derivations. Other alternations between phonemes are regular in the
sense that where they occur at all, their distribution can be described
in terms of (often very small) phonemic stretches in the environment
which are not coextensive with morphs. Thus, where a Latin r does
alternate with s, we find r between vowels and s otherwise®® (gero:
gestus, corporis: corpus ); in 1Wald:Wilder and in all the other instances
of t: d, d occurs before vowels, ¢ before pause, etc.?. But between the
Latin and the German example there is a further significant differ-
ence. The phonemic system of Latin allows both s and 7 in either
kind of environment, intervocalic and otherwise (gerd nist misi;
gestus certus), whereas the rules of German phonemics exclude d
precisely from those surroundings in which the allomorphs with ¢
appear instead of those with 4. In other words the alternation ¢:d
is not only regular, that is, conditioned; we may say that the phone-
mic system imposes it (provided that we designate d as the “basic”
partner). The alternation is a compulsory one. The play of r and s is
not compulsory; it is, so far as it is stated here, merely regular.

There are good reasons why it is not always feasible to classify an
alternation unambiguously along these lines; one of the limitations
of our work lies here®!. But under reasonably favorable conditions
the classification can be valuable. This is so because compulsory
alternations are the typical results of certain sound changes; because
certain additional sound changes will transform a compulsory into a
non-compulsory alternation; and finally because it is also possible
to name the type of sound change which produces irregular alter-
nations.

What is fundamental in all these cases is the simple circum-
stance that a split will lead to an alternation if some of the instances

» Simplified.

11 On this and on the effects of ““analogic change”, see LCLR, pp. 99-111. In con-
nection with the mainly negative implication of the term “compulsory”, see Wells,
Language 25: 99-116 (1949).
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?f alb.. and a[d.. on p. 28 above involve a given morph contain-
ing a s that a morph boundary passes between z and its significant
environment, whichever it happens to be. If the split satisfies the
description ¢[b.. >m[n..; a[d.. > pln.. (that is, if 5 has merged
with d), the result will be an irregular alternation between 7 and b
the voiceless and the voiced “th” in wreath and wreathe alternate ir-
regularly inasmuch as the statement can only be given in grammati-
cal terms (“noun:verb”, or “underlying noun:verb derived with
ze.ro.-sufﬁx”) ; this has come to pass because the differences in the
original conditioning environment (the presence vs. absence of a
following vowel in the verb ending) have been merged into “0”. If
contrariwise, the split is of the type alb.. > mln; a[d.. > plo. .’
m will alternate with g in such a way that m occurs in the environ:
ment 7, and p in the environment o — that is, in regular form. That
this regular alternation is moreover likely to be compulsory follows
from 2 corollary of the split process. There must be, outside the area
in wh.1ch the alternations arise, instances of m in some environment
in which p also occurs; or else m and p are not in contrast, hence not
separate phonemes. This will in particular happen if ther’e are other
sources for one of the two, say for m, in all or in part of the environ-
mer}t 0. At this stage, then, we shall have m rather than p in those
environments in which m is permitted but £ is not (
environment 7), while the converse is not true,

' For th‘e reason sketched here it is possible to infer that some p’s
in the environment o (itself reconstructable as d ) replace a, while a
I environment b has gone to m. If other replacement I,)rocesses
create instances of m in environment o as well, they will there con-
trast with ¢ and thus contribute to eliminating the compuls
c}}aracter of the alternation created by the earlier process bpt t}‘:rY
will not thereby make it useless for the purpose of recove;li cty
Thus, pre-Greek s between vowels goes to 0 (thereby mergin v th
other ¢’s [e.g. from J1); between vowel and word-end it bgeco%nWl

a phoneme which for a while does not occur between vowels I:S K
result, génos ‘family’ alternates with geneD- (in, say, genéon .l )S'a
a regula'r and compulsory manner which permits 1’15 to inff; It)h.axt:ln
p.hf)nermc entity of some sort split into s and 0 under statable -
ditions. When later w, which occurs between vowels, is repla, :101?-
5, the earlier alternations become in part non-comp’ulsor}? bﬁ: los}e’

. f . . . . 1 29 . . . .
) f’

namely, in the

Hoenigswald, Phonetic Reconstruction 37

to give chronological precedence to alternations from phoneme to
phoneme over the later bonds which only hold the constituent
phones of a phoneme together 23,

It is a weakness of internal reconstruction that it is silent on
pure (unconditioned) merger processes and that it has sometimes
contributed, by its selectivity, to giving the wrong impression that
all Janguage becomes more complicated morphophonemically as
time goes on %4, It shares a further weakness with our procedures for
the interpretation of written records: namely that of providing, in
principle, proto-forms in their phonemic makeup but without physi-
cal detail; it gives us information about the incidence of contrast but
none about the nature of the contrasting phones. We have been
careful to stress this at the cost of adhering to a complex, abstract
formulation in which no unwarranted identification between the
phonemes of the extant stage and those of the inferred stage is sur-
reptitiously introduced. This is necessary because, as we know from
our earlier discussion, a study of the relation between the two must
be independent of the replacement formula.

Suppose that we have two stages with a trivially simple replace-
ment relation obtaining between the two: alla >m,alld > =, ....
It is normal to expect the physical characteristics of ¢ and of m
to be in some sense “the same”, and likewise for all other pairs.
It is, however, also clear that this is not necessarily the case; there
may be a “shift”. Thus, in the popular simplified version of the
Germanic consonant shift, Germanic p, ¢, d replace IE ¢, d, dh one-
to-one, and yet with a difference which has importance both as a
collection of isolated physical fact and also with reference to a more
or less stably continuing typological framework. It is an open ques-
tion to what extent such a displacement could be inferred simply
from a later stage. On the other hand it is also doubtful that major
shifts ever go on in complete purity; just because some of the proper-
ties of the framework within which the shift occurs are best thought
ofasdeep-seated areal (or general) characteristics, the shifting of, say,
a stop (in all its environments) to a spirant location in the frame-
work may lead to a situation where all the occurrences of the stop
cannot be accommodated precisely because some of them are
characteristic of stops rather of spirants under the prevailing areal

3 But involve (at least prior to analogical action) different lexical material in each
partition.
24 Chafe, p. 495.
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type. Therefore, we may use the occasionally observable (and inter-
nally reconstructable) minor conditioned sound changes on the
fringes of seemingly simple replacement processes as phonetic indi-
cations. In fact, the Germanic change does not just shift £ to p and
d to t; it also lets st go to st.

t d
474
‘b t
In this situation it is possible to argue in reverse, with a great deal
of typological concreteness, that the ““@”” which split up into p and ¢
had [t]-like rather than [f]-like phones, because it is less likely,
from what we know about the languages of the family, area, and
period, that [sf] existed or if it existed should have become [st],
than that ¢ should have been spirantized except when it followed s.
Another possibility, namely that “4” had always had two clearly
different positional variants, ¢ after s and ) otherwise, runs into
another typological objection: the other phoneme, viz. the one which
ends up as Germanic ¢ is also known to have occurred after s, in
contrast with “a”, as in the words NHG WNest, Ast, from IE sd. Such

is the nature of the argument against a phonetic interpretation like
this:

pl\

It seems, in general, that it is fruitful to distinguish those split-cum-
merger processes in which the splitting and the merging phoneme
are homologous (as they are in the case of IE and Germanic ¢) from
those which are not (as in the case of the unvoicing of German d to
t, in Wilder, above).
The irregular alternations pose a different phonetic problem.
" These alternations exist between sounds which may have remained
substantially unchanged but which used to be allophonically differ-
ent until the alternative conditioning factors in the environment
became merged (a[b.. >m[n..; a[d.. > p[n..). We may wish to
know where these factors were located in the flow of speech and what
their physical characteristics were. Satisfactory answers to these
questions are often possible, since there seems to be great uniformity
in the assimilatory (and otherwise conditioning) action from seg-
ment to segment. In the light of our accumulated experience it is
reasonable to suspect that the voicing of wreathe has to do with an

T v g
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intervocalic environment, or that Germanic umlaut points to front
vowels in the final part of the word.

There are situations in which internal reconstruction is the only
available avenue to the past. This is true when all we possess is
either one synchronic corpus or a reconstructed ancestor language
in the antecedents of which we are interested. Considering the
limitations of the method the results will be uneven, and more re-
warding for languages with elaborate morphophonemic alternations
and with histories of extensive conditioned sound than for languages
of a different build. Fuller use of internal reconstruction may be
made where it supplements the comparative method.

6. The “comparative” method of reconstruction utilizes the
circumstance that when separate and different replacements operate
on one and the same language (thereby breaking up an original
community of speech), the recurrent phoneme correspondences
which result among the descendant languages must in a2 majority of
cases behave like allophones of a phoneme in being complementarily
distributed and “similar”. Suppose that ¢ > m, ¢ >n in one
descendant, (I), whilea > ¢ as well as ¢ > ¢ in the other descendant
language, (II)25. The effect will be that two correspondences are
recorded, m/t and n/t. These are “similar” in sharing their language
IT component (namely, ¢) but they contrast in the sense that they
can be preceded and followed, in the morphs in which they occur,
by the same correspondences. Thus, Low German d corresponds to
both High German ¢ and d, but both correspondences occur in
initial antevocalic position (as in the words for du and tun), thus
testifying to two separate entities in the common (West-Germanic)
ancestor and to the merger of these in LG. This amounts to saying
that no condition can be named under which an alternatively re-
constructed single entity would have split up in HG. On the other
hand, a LG ¢ corresponds both to HG “z” (z¢hn) and to HG ¢ (treu,
stehen, Stroh) so that the two correspondences are once again
“similar”. They are, however, not in contrast, since ¢/t occurs after
s/§ or before r[r or under both conditions combined, where /2" is
missing. Consequently, a single phonemic source may be posited,
along with a conditioned sound change in HG. This method of

28 Note that, contrary to appearance, the notion of descent is derived from the
comparative method itself: if two related languages, III and IV are subjected to the
comparative method, and the result is “identical” with III, III is itself the ancestor of
IV (LCLR, p. 145f.).




40 Hoenigswald, Phonetic Reconstruction

inference is far more powerful than internal reconstruction: it is not
dependent on the special nature of the morphological structure of
the language, nor does it break down before the task of retrieving a
merger process. Its two principal drawbacks are these: it will
naturally miss the independent duplication of a merger (or of one
portion of a merger) on the part of both descendant languages
(@ >m,c >minI,anda >t,¢ >tinII;or similarly for conditioned
changes); and there will be difficulties when the same correspond-
ence arises in two unconnected ways. (IE p > Germanic S but >
Germanic b after unaccented vowel, IE b4 > Germanic by IE p >
Greek p, IE bk > Greek ph but > Greek p if an aspirate begins the
following syllable. The result is that the distribution of the corre-
spondence Germanic b/Greek p is not, as a whole, complementary
with that of either f/p or of b/ph.) Both these difficulties are dimin-
ished as more than two languages, or pairs formed from a collection
of more than two languages, are examined.

Once again, the immediate result is what some scholars feel a
disembodied system of contrasts endowed with but little substance,
and once again we must look for the considerations, concealed or
explicit, which lend concreteness to a proto-language 8. In part
these considerations have already been taken up in connection with
our other methods. The same subtle balance between a belief in
universals and a recognition of areal type plays a role in assessing
plausibility, Where requirements are made explicit they have oc-
casionally been overly severe. Authors who insist that the ancestor
structure must resemble that of the descendant forget that we are
often faced with a history in which all or most descendants are also
members of an area and thus subject to parallel pressures away from
the type represented by the proto-language. If they have responded
to these pressures with somewhat varied mechanisms, we are lucky
becau.se this is what keeps the original structure within our reach,
The simplest examples are those in which the areal trend is towar(i
a smaller phonemic system or subsystem. Almost all the Semitic
languages have reduced their sibilant contrasts. The fact that they
have done 50 in different ways has brought it about that the number
o.f contrasting correspondences for the lot exceeds the number of
sibilant phonemes in each separate descendant. The requisite re-
construction is then different, in this small respect, from the type

% Language 35: 410 (1959); Allen, TPS 52-108 1953); Pi
¢ H 3 ~ s Pike, K. L.: Axi
procedures (Revised Edition, Glendale 1957), passim. ( )i Fie, . L.t Axioms and
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which prevails in the family, and, being different, has been suspect
to some critics. The suspicion is allayed when South Arabic, situated
at the margin of the Semitic world, turns up with the same aberrant-
ly high number of sibilants. Similar experiences are frequent enough.

The old question whether asterisked proto-words are “only for-
mulae for observed correspondences” — an alternative which has
never been taken quite seriously — or have some “reality” turns, not
perhaps entirely but still to a large extent, on the phonic content of
the reconstructed phonemes. Having a broader basis, the ““compara-
tive’” approach is a little better off than the more elementary forms
of guessing at the linguistic past. Rightly or wrongly there is an in-
evitable inclination to believe that a phonetic consensus among the
daughter languages establishes a phone as ancestral. On this basis,
nobody would doubt that proto-Romance had a voiceless fortis un-
aspirated bilabial stop for its *p, and what we know about Latin
from other sources confirms this. In cases of discrepancy there is
sometimes a tendency, other things (like intrinsic phonetic plausi-
bility) being equal, to abide simply by some kind of majority count,
where what should also be considered is not only the size but the
relative geographic position of the aberrant phenomenon. This pre-
supposes, of course, that the descendants have not already been
shown, by the comparative method itself, to be related through
some kind of definite sub-ancestry. If this is the case, an innovation,
even just a suspected phonetic (sub-phonemic) one which would not
by itself contribute much to the task of establishing sub-ancestry in
the first place, must of course be counted as having occurred only
once (in the sub-ancestor), regardless of how many descendants from
it are extant.

The breadth of a “comparative” foundation may support a fair
knowledge of positional variety within the phonemes or distinctive
components in the proto-language. After all, the lines along which
the daughter languages let the phonemes break up under condition-
ed sound change must correspond to earlier allophonic groupings
within the phonemes. They may of course be of different age, and it
would be poor method to project all of them back into the ideally
uniform ancestor. Yet some of them must be ancient. IE aspirates,
if followed by another aspirate in the next syllable, lost their aspi-
ration both in Greek and in Indic (i.e. in those two languages in
which aspiration is an active distinctive feature). While each de-
scendant accomplished this by an entirely separate merger, it is easy

SRR




42 Hoenigswald, Phonetic Reconstruction

to believe that aspirates had untypical allophones when occurring
before a syllable with another aspirate. Another extremely instructive
example is furnished by “Sievers’ Law” (including the doctrine of
the so-called schwa secundum) as it now appears to some Indo-
europeanists. Its essence is that an automatic, non-phonemic ele-
ment of syllabicity would crop up in sequences of more than two
consonants after every two consonants (ere epre, but [erpre/[erpvre]).
These predictable, hence non-distinctive supports had a way of
merging with otherwise existing, non-predictable phonemes in the
individual IE languages (though not with the same ones in all each
languages). Thus, erpre [erpyre] appears as arpura in Sanskrit as does
an IE erpwre; in Attic Greek erpre merges with IE erpHere (or some-
thing of the sort) into erpare. A correspondance u/a is established;
as it is found to occur predictably in consonant settings it must be
classified as a non-phonemic feature in the ancestor.

7. To return to the topic of this congress, we must admit that re-
construction does more for “The Phoneme” than for “Its Realiza-
tion” as it existed in the dim past. But nobody will say, these days,
that it is possible to keep the two apart. Even in a historical context

we cannot possibly deny our constructions and reconstructions their
physical, phonetic substance.
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Discussion

. Martinet (Paris): Le texte de la communication de M. Henigswald pourrait faire
croire que la conception de changements phonétiques dirigés vers un but (goal) fait
partie des principes explicatifs qu’il m’attribue a juste titre. Je voudrais rappeler que la
conception de I'économie des changements phonétiques que je préconise n’implique
aucune téléologie, mais une succession de causes et d’effets.
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Code Theory and ‘Discrete Mathematies’
in Phonology

By Henning Spanc-Hanssen, Copenhagen

Language is public property. This is true of language as an
instrument of thought and communication and of language as a
source of emotional, e.g. aesthetic impressions. However, it seems
to hold true of language even as an object of research. Apparently
there is no end to the list of disciplines and sciences which lay claim
to language as a genuine part of their field of study. Among other
things language has been appointed a set of social habits, a kind of
individual behavior, a logical — though perverted — structure (a
calculus), a hierarchy of mathematical relations, and a — rather
irrational — code. Accordingly, linguistics has been considered part
of anthropology, psychology, logic, mathematics, and information
theory or communication theory.

Whether language is a behaviour or a code, etc., and whether
linguistics s part of logic or mathematics, etc., are to a considerable
extent analytical questions, to be answered differently according to
adopted definitions of the terms in question, including the word is.
Thus the various statements concerning the nature of language may
all be true at the same time, on condition that they are individually
interpreted as “Language also is .. .”’. And in fact it is very unlikely
that all empirical linguistic phenomena can adequately be studied
within the frames of any one existing discipline or science. With
regard to phenomena of language expression this fact has been duly
recognized in the naming of the series of congresses, of which this
forms the fifth, as Congresses of Phonetic Sciences.

It is definitely to be hoped that still new disciplines by laying
claim to language will contribute to the study of language. On the
other hand, it sometimes happens that a new claim for some time
attracts attention and meets with approval to a degree that is hardly
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motivated by the actual gain of knowledge likely to be achieved
from this new point of view. To keep up with fashion is a factor of
some importance even in linguistic research. In particular it may
often reasonably be asked whether a new claim or approach is any-
thing but a new terminology. This question, though sceptical, may
not be depreciatory, as the development of linguistic terminology
formﬁs an important part of the development of linguistics and of the
relations between linguistics and other fields of knowledge. But in
order to further the study of linguistic phenomena new claims and
statements concerning the nature of language — or of linguistics —
must at any rate describe what is less known (“language” or the
!1ke) by what is better known, or expound what is complex and less
intelligible by what is simple and more easy to understand. In this

respect the above statements, as usually presented, leave much to
be desired. '

Cpe e e .
Linguistics is a discrete mathematics®

Our present concern is with the claim that language is (also, or
pf:lrtly) a code, and the claim that linguistics is (also, or partl ,) a
d1scrct‘e (discontinuous) mathematics [cf., for instance,, Martin j}‘,oos’
paper in JASA 22: 701-708 (1950)]. These statements are related to
::;r; :;tl(;r.xt, cf. later; at the outset, however, they will be discussed

As regards the relationships between linguistics and discrete
mathematics I may refer to the discussion I have given in a paper
reiad to The 9th Internat. Congress of Linguists (Preprints I()]ar;n-
brl.dge, Mass, pp. 133-138, 1962; Proceedings 724-730). M i
points are the following: S

.1.' Qualitative linguistics (as distinct from research includin
statistical or other quantitative aspects of language) may be call g
mat}‘le.matical, in the sense of axiomatic (i.e. makin uZe ofca e
exphmt .model containing axioms or postulates). ];gut as va.S(')me
axiomatic models since long have been developed within lin ul'q?'us
proper, independently of mathematics as a particular scier% o
extension of the term ‘mathematical’, so as to cover what is o ﬁn
called structural linguistics, only seems to blur a useful distlilriuz ¢
(between mathematical and axiomatic) by putting a “mathem Ct' ori
cross” on every axiomatic model in any field of study. Thus iz 1(1:1?5
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2. The statement “Linguistics is a discrete mathematics” may
be read in a normative sense, claiming that linguistic models ought to
be models developed within mathematics. The part of discrete
mathematics most often suggested to deal with linguistic matters —
at least in the field of phonetics and phonology (or phonemics) — is
set theory (Mengenlehre, teorija mnoZestv, théorie des ensembles).
In fact this discipline is often regarded as part of logic (symbolic
logic) or as (part of) mathematical logic or logical algebra.

Set-theoretical models in phonology

Detailed phonological (phonemic) studies applying set-theoreti-
cal models are those of Harary and Paper [Language 33: 143-169
(1957)] and of Sigurd and Gdrding [Studia Linguistica, pp. 8-34
(1955)]. These papers lack nothing in clarity, and they form im-
portant contributions to the particular linguistic matters dealt with.
But at the same time they clearly illustrate the limitations of set
theory. In my above-mentioned paper I have pointed to certain
inadequacies of set-theoretical models in relation to linguistic
matters:

a) The notion of order is a fundamental in set theory and in the
adjoining theory of relations. Thus a fundamental distinction is
made between symmetric relations (i.e. sets of combinations in
which for any pair of elements x and y both the combination xy and
the combination yx are found) and asymmetric relations (in which
at least one combination xy has no counterpart yx). But since
linguistic conditions of combinability are in important cases neutral
as regards order (cf. the combinatory difference between vowels and
consonants, or relationships such as concord and government),
models introducing order as a necessary notion may have the effect
of a strait-jacket. No doubt set theory can be modified in this respect,
but not without consequences to other parts of the theory (in particu-
lar to the relational property called transitivity), and in any case
this modification forms an illustration of a necessary adaptation to
linguistic conditions.

b) More serious inadequacies of set-theoretical models are due
to their synthetic nature. In set theory a set is defined by its elements,
and a set of combinations by the collection of given pairs of elements.
Accordingly, a set-theoretical model may well serve the purpose of
describing empirical phoneme combinations by their constituent
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phonemes, but it is not particularly suited for classificatory analysis
of phonemes in terms of combinatory possibilities (combinability).
“It is our aim to provide a technique for describing and quantifying
phonemic interaction, thereby sharpening the concept of distri-
bution. In none of this is there any claim that analysis will be aided,
although, to be sure, we know of no other adequate technique for
handling distribution as rigorously or as effective.” [Harary and
Paper, Language 33: 145 (1957).]

Whether distribution may be handled by other techniques, is
partly a question of what is understood by distribution. By reference
to my report on this subject to The 8th Internat. Congress of Lin-
guists (Oslo 1957) it may be said that when distribution is regarded
as a basis of classificatory phonemic analysis, other models, in
particular those based on the glossematic concept of relation (or
function), seem to be more adequate than set-theoretical models.
It is interesting — and promising indeed ~ that the glossematic typo-
logy of relations may be mapped on the set-theoretical properties of
relations, and vice versa. As an illustration one may imagine an
inventory of “syllables” or “word expressions” like that given in the
diagram.

b d f g hla e i o

ba be

da do
fe i fo
ge go

hi

o = o IS ™A T

In set-theoretical terms this inventory forms an intransitive relation:
Two elements (e.g., a and ¢) that are found in combination with one
and the same element (4) are never found in mutual combination.
In glossematic terms this inventory is analyzable by means of the
relation (function) called solidarity, in that two solidary classes
(categories) of constituent parts are recognizable: A member of the

class b, d, f, g, h never occurs without being accompanied by a
member of the class g, ¢, i, 0 — and vice versa.
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In this particular example it seems a pure matter of taste which
model to prefer, but in cases of partly transitive sets (e.g., if even the
combination ae has occurred) the latter model is superior as regards
classificatory power (cf. my “Probability and Structural Classifi-
cation”, Copenhagen 1959), and moreover it permits handling the
question of accidental gaps versus excluded combinations.

c¢) Withregard to this and other questions of chance set-theoreti-
cal models are unsuitable — in accordance with their nature of being
defined by given sets of combinations. This fact forms a serious re-
striction to the application of such models in phonology and, con-
sidering the development of linguistic analysis towards problems
of grammaticalness and generative grammar, even in other linguistic
areas. Models of quite a different nature are needed to deal with the
prognostic, extrapolating, and generalizing aspects of linguistics,
including even the characterization of language as such. “Woher
aber kommt dieses Geltenmiissen fiir nicht untersuchte Sprachen:
noch nicht untersuchte oder prinzipiell nicht untersuchbare (weil
sie nimlich noch gar nicht existieren)? Ein solches ‘Muf}’ ist ein
Fremdkorper in der von Bopp, Rask, Grimm begriindeten Sprach-
wissenschaft. ..” (Eberhard Qwirner'®, p. 136).

The considerations relevant to such questions are not to be
found in mathematics of the type meant when linguistics is spoken
about as a discrete mathematics. With regard to these questions
interest is focussed on the calculus of probability and mathematical
statistics.

Summing up it may be said that with regard to linguistics set
theory is definitely more than a new terminology, but on the other
hand the descriptive power of such models is limited. Until now
their chief merit is to have thrown light on certain pecularities of
linguistic problems.

This conclusion seems to be in accordance with the aim of other
applications of set theory (or symbolic logic) to phonological prob-
lems. 7. Cantineau [Word 11: 1-9 (1955)] has compared the set-
theoretical notions of relation with Trubeizkoy’s system of phono-
logical oppositions (Lit. 16, pp. 68-99). G. Ungeheuer [Studiz} Lin-
guistica, pp. 69-97 (1959)] applies logical algebra to “l.. dl'C for-
malen Prinzipien einer binaren Klassifikation von Schall'ere'lgfussen”
(in terms of distinctive features); “2. die formalen I.’MZIPICII der
analytischen Transkription, die auf dieser Klassifikation aufbaut”.

In these papers logical algebra is applied to models already set
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up within linguistics, in order to formalize and to develop more
consistently the bases of classification and reduction (cf. also W.
Platl’s comments — in Lit. 11, p. 39f. — on Ungeheuer’s paper). No
doubt the conceptual basis of phonological description will benefit
by such attempts (quite recent contributions are found in “Proble-
my strukturnoj lingvistiki”, Moskva 1963). However, important
basic problems are beyond their compass; among other things the
description of phonemes by distinctive features gives rise to the
problem of where to end the analysis. If the ultimate elements of the
expression structure of a (spoken) language are a set of distinctive
features, and if structure is defined as (a hierarchy of) rules of combi-
nation (or more precisely: of combinability), it will be necessary to
account for the empirical fact that the number of phonemes is —
usually, and possibly always — smaller than the number of imagin-
able combinations of features. This can be done either by stating
r}ﬂes governing the combinability of features, or by describing mis-
sing combinations as accidental gaps.

In the latter case the empirical inventory of phonemes cannot be
Fegarded as exhaustive, i.e. as a structural fact about the language
in (Eluestion. If one is unwilling to accept this consequence, i.e. if one
insists on regarding phonemes as structural units, the distinctive
features.cannot be preserved as structural elements of the language
in question; they may, however, be regarded as elements belonging
to a certain structure of expression manifestation, and as such they
may be relevant to more than one empirical language.

' Which one of the alternative ways of description to be chosen
i.e. whether to carry on the structural analysis of a language ex:
pression below the level of phonemes or not, will mainly depend on
the actual possibility (for the language in question) of ascertainin
rulc.as .governing the restricted combinability of distinctive featuresg
This is a problem of the type accidental gap versus excluded occur:
rence, and - as mentioned earlier — set theory does not provide tools
for solving such questions.

. The problem just discussed is reflected in the following quota-
tion from jakobson and Halle* (p. 217): ... this code includes all
the d‘istinctive features to be manipulated, all their admissible
combinations into bundles of concurrent features termed ‘phonemes’
ar}d all the rules of concatenating phonemes into sequences. . .” I;
will be seen that no mention is here made of rules of concatcn;i.ti.n : or
combining the distinctive features into phonemes. ;
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Another point to notice in this quotation is the use of ‘code’ to
mean linguistic inventories and rules. This brings us to the discus-
sion concerning language and code.

What is a code?

All of us should like to know what language is, but if we look for
an answer in the statement “Language is a code” we shall be dis-
appointed. For opinions differ as much about the meaning of ‘code’
as about the meaning of ‘language’. Since this paper deals with code
in relation to language (in particular: to language expression), an
attempt at a general survey of code theories shall not be made. With
regard to linguistic applications it is hardly possible to distinguish
between communication theory and information theory; in fact,
only a few experts seem to manage this distinction (cf. the similar
situation of logic and mathematics sharing set theory).

Code is a basic concept in information and communication
theory. It might be regarded as an indefinable, and in fact no
definition of ‘code’ is found in W. Meyer-Eppler’s detailed and com-
prehensive “Grundlagen und Anwendungen der Informations-
theorie” (1959). However, in other works various types of definition
or characterization of ‘code’ are met with:

I. “Quand on parle de code, nous pensons souvent 2 des secrets
ou 2 des intrigues internationales, mais dans ce livre nous emploie-
rons ce mot dans un sens beaucoup plus général. Tout systéme de
symboles qui, par convention préalable, est destiné a représenter et
transmettre Pinformation entre la source et le point de destination
sera appelé un code. Ainsi, en ce sens, la langue francaise est un
code et la langue allemande un autre.” G. A. Miller (p. 14 of the
French edition of “Language and Communication). According to
this kind of definition the statement “Language is a code’ becomes
trivial: it holds true because code has been defined so as to include
language. But with regard to linguistic research this conception of
code amounts to the non-trivial hypothesis that language and (other)
symbol systems having a communicative function may profitably be
studied together. Or in a normative version: Language and (other)

communicative systems of symbols ought to be studied together. .

II. A similar, yet different conception of code is connected with
the view that language should be studied together with (othe}") syms-
bol systems not because of 2 common communicative function but
because of common formal features. In other words: Language and
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certain (probably not all) symbol systems are assumed to be of the
same internal nature, and ‘code’ may be used as a designation of any
system of that nature. Opinions differ, however, as to the nature of
this nature: Which formal features or characteristics are to form the
basis of such a notion ‘code’?

a) The characteristic of a code may be sought in the existence of
rules governing the combination of elements; thus combinability
(sotetaemost’) is the basic feature. Cf. by E. V. Paduleva®® (pp. 114,
115 transl.): “The resemblance of language to a code is above all
based on the fact that a description of the combinability of elements
plays an important part both in technical codes and language... The
description of a language from the point of view of the combinability
of its units will be labelled ‘description of a language as code’.”
As she also remarks, this conception of code basically coincides with
a description in terms of distribution. Thus, as regards the qualita-
tive aspects of distribution, reference may be made to the earlier dis-
cussion on mathematical (set-theoretical) models applied to phono-
logy; the more so, as in information theory, etc. the description of
combinatory conditions of codes (linguistic and non-linguistic)
usually is given in such mathematical terms.

In information theory, however, the qualitative description is
supplemented by quantitative, in particular statistical points of
view, and therefore the above-mentioned conception of code in-
cludes the hypothesis that the guantitative aspects of combinatory
conditions in language may profitably be studied together with
combinatory conditions found in (other) symbol systems. Cf. later.

b) In discussions concerning the nature of ‘le signe linguis-
tique’ attention is often focussed on arbitrariness of signs as a charac-
teristic of language and of certain other sign systems. Saussure, having
suggested “‘une science qui étudie la vie des signes au sein de la vie
sociale ... nous la nommerons sémiologie’* (p. 33), describes the
main subject of this science as “I’ensemble des systémes fondés sur
Parbitraire du signe”* (p. 100).

Besides language (la langue) he mentions among other ex-
amples the system of military signals as belonging to the field of
semiology. Even though the designation ‘code’ was not used by
Saussure, certain aspects of modern code theory (or theories) have a
striking resemblance to his idea — which is not tantamount to saying
that code theory has been influenced by Saussure’s suggestion.
Among linguists Saussure’s idea of a semiology has not found wide
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acceptance; the designation has surv%vcd, in particular ind\‘/vorks bz'
Buyssens and by Hjelmslev, but the.re it covers other, and blvergcila.n(i
conceptions as to the basis on which language ought tg e lstg Cllei :
together with other sign or symbol systems (a mlosre etailed dis
cussion is found, e.g., in my “Recent'Theo‘nes. .J18). .
¢) Since all the technical codes in which modern cc;)c%e t .eors};
originates are systems of arbitrary signs or symbols, ar 1ftrarm:ix
does not form a particularly interesting formal feature from the
point of view of code theory, and the claim fox." languagc does not 1n
particular seem to be motivated in the arjbltrarmffss (.)f language
signs. On the contrary, language (to.ge.ther.wnh certain 51gdn sy.fstin;)s)
may be found terminologically distinguished from coh e jus tioz
reference to difference of origin, in some way related to the quesh_ iy
of arbitrariness; ““. .. we distinguish shz.lrply befween languzge, wh;(czh
is developed organically over long periods of time, and 61(; es, wles”
are invented for some specific purpose and follow explicit rules™.
) 1 (p. 7). .
COhnHCZlvirgzer(,pthiz basis of distinction does not seen; 1m;t)o$:(riltt:i
the question of whether language may proﬁ'tably e slu ol
gether with other sign systems. For an organically dedv‘c ((1)}:2 Cthgcr;
system, e.g. the decimal cipher system, may well be stu 1ednc %i ner
with “invented’’ systems, ¢€.g8. the binary or the tetradic ¢ip
SYSte;nI;eaking of a binary code it shall be mentioned.that t}}ll:t Ez:s;xi
paper does not deal with the m;lch-ciiba;tcrel(;ucil;;:zt;c:; ;{anguage -
isti ription — or if one prefers: the 1l .

illléi:tce:f S—Cis I;)roﬁtably construct;ed i.n terms of some partgﬂgr;o:lgé
e.g. a binary code. The discussion in this paper 1s con ed ot
question of to what extent the study <.)f language phenor?e 2 can b
furthered by comparing language with other systems O sy
SlgnsI.II. According to still another conf:eption-a code ?11211}'156 v:,i:;
fined as a communicative systerr;) manlfeséidb;naapap:éc ;:lar - ey
ie. i icular expression substance, rtict
gz:).r:siirf asrut‘::»stzmce) .pThis definition or charactenz:(xiusn C(i:;;/lt;:
among other things flag codes and secret codes €Xpress o t}f; e
or by letters occurring with unusuz‘d va-\lues ; mor.eoxlre:'),r ertain e
of symbolization introduced for scientific, technical,

purpl?:'e:}'lis kind of definition nothing is said about the structure of
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the system manifested; hence a code (in this sense) may be identical
as to structure with some sign system manifested in a usual or
“normal” way, for instance a language. And since by definition the
manifestations of such codes deviate from those of normal languages,
the study of language expression is not likely to be furthered by the
study of codes in this sense — exception made for the very fact that
one and the same structure may be manifested in different ways.

A variant of this conception of code is to characterize a code as
being secondary to some other communicative system of signs or
symbols. This kind of definition is also discussed by E. V. Padueva
(op. cit., p. 115). But apart from facts of historical origin the question
of what is secondary and what is primary does not basically apply to
systems but to fexts (messages) or to a particular process of communi-
cation. For instance, a secret code or a technical code will be second-
ary to the original message (in plain text) with regard to the process
of encoding, but the reverse holds true with regard to the process of
decoding (deciphering).

Here, and in general, the linguistic distinction between text
(utterance, message) and system (language) proves essential to the
application of code theory to linguistic matters. In the literature on
information or communication theory the word code is not rarely
used indiscriminately in both ways, thereby causing confusion about
the nature of coding as a link in a process of communication. A text
may be converted into another version, but not into a system; thus
a message cannot be converted into a code in the sense of a system.

IV. The confusion becomes even greater since in the relevant
literature ‘code’ is often defined as a transformation, ‘eine Zuordnung’,
or the like, i.e. as a system for converting messages, whereas the
examples of codes given by the same authors point to the conception
of a code as a system of symbols or signs. “... a code is an agreed
transformation, usually one to one and reversible, by which mes-
sages may be converted from one set of the signs to another. Morse
code, semaphore, and the deaf-and-dumb code represent typical
examples.” (Colin Cherry, op. cit., p. 7.) “Unter einem Code versteht

man eine Zuordnung zwischen zwei Listen von Zeichen oder Zei-
chenserien; ... Ein ... Code ist das indoarabische Zahlensystem,
das allen moglichen Zahlen eine Serie zuordnet, die aus den 10 Zif-
fern von 0 bis 9 entnommen ist; ... Das normale Alphabet ist ein

Code mit einer Liste von (z.B.) k¥ = 26 Zeichen.” (Heinz emanek8,
p- 30.)
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Here a clear distinction between c?de, coding (encoduf, de-
coding, recoding), and the result of coding would be useful. At tar{));
rate rules for converting from one system to another must no \
identified with the systems; the system (the rules) use.d flo(r) Oclon'w:o;
ing a decimal number (say 9) into a binary number .(v1zi1 f)blil ne
;dentical with the system of decimal.numbers, nor ?mth thato 1C 0};
numbers; rules for transcribing written Russian 1r'1to a ise%uglzt e(or
Latin characters do not forrr;1 pirt .of ;hfl a%:tsman alpha

ic structure), nor of the Latin alp -
grapﬁzglguage can }zardly be regarded as a cod? in thi 1:6:1586 S(zi Ii
system of rules connecting one system of signs with alt)noklcf7 (y -
of signs. It is worthy of mention,.however, that L. {abroc zas ap(}:)(;de
to 73) interprets the structural hxefrarchy of ‘any lan%.\lxag,ct chﬂ”
i.e. as a coding process proceeding from Lautg.e lige };) duaﬁt,
from ‘Wortgefiige’ to ‘Satz’, etc. He e?{px:essly points to t ;men eiz;
of his concept ‘code’: “Der Sprachkode ist 1M Gx‘ﬂunde genoder oo ein
TransponierungsprozeB. Er enthalt zugleich die Ge}slet;e e
ponierung” (p- 73). It is difficult to see, ‘howev.er, V;/'l ethe Kot
theory of language as 2 code is c;)lmpatﬂ:t)‘lze with the concep
ed by information theory €iC. .
COdePi(iZ:g; in v?/,hich two linguistic systems of signs takehpag;;c-
sometimes talked about as being o.f the same na‘t‘ure asdt'ne frans-
formations effected in technical coding procc‘:sses.MAccor old eg 0 our
definition, transformingua prin{dem:iafZ lglgzbetoissc;:phe;ing g
iterating from the Cyrillic to the 0 . s .
1c;yptogrgaphic purposes, and repla'cmg dec1m?tl m;&nex;{; ?Ztgn(l;a;z
numerals belong to one family w1t}.1 translating (lzlc e it
man ...” A.G. Ocitinger® (p. 104). Since, howe':ver, the cru > fts o
of machine translation is whether the n?latxon bbetwe‘:lof K
different languages can actually be subsut}ltf:d fy 1 rslicall oin
spondences of the one-to-one type charaf:tcrxsnc of tec nics ObViou;
it seems premature to regzﬁ‘d trt?n;laté%n a01;10 aApz;;‘ Reﬁ,,matski,"s
i cesses like transliteration. Gi. 280 £ & - j
z:i:;frf 11;’o(pp. 208-215) of the term ‘recodl'ng’l (pcrzkc;d;zov\;:ﬁlz)s
used of the relation between normal and tactile languag

of e.g., transliteration.

Phonological applications of code theories

i i i de is con-
Summing up this discussion oR the ways in which co

ceived with regard to language, it may be said that for the time
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being the notion of ‘code’ is too complex or too vague to serve as a
basis of a uniform study of linguistic matters. Accordingly, papers
presented as applications of code theory to language may have little
in common — except for the very term “code”.

In certain papers code theory seems to be little more than a new
terminology applied to considerations built on combinatorics — a
discipline known through centuries, and in a variety of sciences
(classical probability, genetics, etc., even linguistics) — and to reflec-
tions on efficiency, e.g. in linguistic change, previously discussed by
linguists (among others by Otto Fespersen). It should be noticed,
moreover, that information theory etc. usually narrows down the
problems of linguistic efficiency to the question of how texts (mes-
sages) are efficiently communicated. This narrowing down is quite
natural — and in fact necessary — from the point of view of the techni-
cal applications (telecommunication) in which information theory
originates.

Due to its technical perspectives information theory is normative
and evaluating: Code systems are studied with the aim of achieving
the greatest possible efficiency, such as saving time or equipment,
and as avoiding disturbances. This kind of approach is extremely
important, but it does not exhaust the study and the description of
language expression, not even with regard to questions of efficiency.
Conditions of acquiring a code or a language (in childhood or by
conscious learning) form a different basis of evaluating expression
systems; and basically different from the question of transmitting
given information is also the question of permitting new information
to be formed and expressed.

The latter question is, among other things, bound up with the
possibilities of introducing new word expressions, e.g. admissible but
hitherto not exploited syllables, on the basis of a given inventory of
phonemes. The possibility of creating new words, and in general of
creating new combinations of elements and units, seems to be a
characteristic of natural languages. From this point of view the
conditions of language expression prove to be more complex than
can adequately be dealt with in notions such as ‘rationelle Sprache’
in the sensc suggested by W. Fucks. “Wir betrachten eine Sprache
(im allgemeinsten Sinn des Wortes), in der zusammenhingende
Symbolaggregate (Komplexionen) von maximal 7 Elementen vor-
kommen. Diese Komplexionen sollen Wirter genannt werden, ohne
daB diese Bezeichnung mehr als eine formale Ahnlichkeit mit den
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Weértern einer Nationalsprache ausdriicken soll. Ein erstes Charak-
teristikum einer solchen Sprache ist thr Wortvorrat oder Vokabular,
d.h. die Zahl der aus { verschiedenen Symbolen durch Bildung von
bis zu n-stelligen Komplexionen zu gewinnenden verschiedenen
Wortern. Eine Sprache, bei der diese Wortbildungsmaglichkeit rest-
los ausgenutzt wird, heile nach Fucks eine rationelle Sprache.” W.
Meyer-Eppler? (p. 86).

Due regard should be payed to the reservations found in this
quotation, but on the other hand it is hard to see how code theory
may at all contribute to the study of language structure, if a formal
similarity (eine formale Ahnlichkeit) is not considered a sufficient
basis. At any rate the similarity has been deemed close enough to
justify an adoption of the designations Wort and Sprache.

But in the first place it applies that what according to the above
definition is rational, may in another respect appear irrational; this
fact is duly recognized elsewhere in information theory, stressing the
importance of redundancy as a safeguard against mistakes. Second-
ly, it should be noted that the failure of a natural language to fulfil
the conditions for being ‘eine rationelle Sprache’ may be due to
factors of two different kinds: It may be due to properties of the
structure (in that certain combinations — ‘Komplexionen’ — are
structurally excluded), or it may be due to conditions of usage only
(in that not all admissible combinations have empirically occurred
as word expressions).

It is true that in a number of applications of code theory this
kind of difference is taken into account; various papers of this nature
form important contributions to the qualitative and qulantita‘twe
description of phonemic and graphemic conditions' in various
languages. But it may well be asked, whether the linguistic perspec-
tives of these contributions exceed the implications of earlier ap-
proaches to phonology (or phonemics) and to phonological stati-
stics; in the latter field one may in particular think of papers by

V. Mathesius® and by other Czech phonologists, cf. the survey by
J. Krdmsky® in Phonetica. _

In various respects the descriptive power of cod.e .theory w1t.h
regard to phonology is obviously hampered by pecularities of 'tecl.ml-
cal codes. In discussing the question of functional load (exploztau?n,
Belastung) in phonemics, J. Rischel [in Sta.tistica¥ Methods in L.m-
guistics /: 13-23 (1962)] points to certain d{fﬁculuas of a description
in purely sequential terms, among other things to ‘“‘the well-known

e
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.
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fact that certain contrasts between phonemes are ‘neutralized’
under specific conditions, cp. the neutralization of the opposition
aspirated stop: unaspirated stop in final position in Danish” (p. 15).
“In all contributions to linguistic methodology which build on the
basic notions of information theory, it seems to be implied that lin-
guistic sequences are built up of members from one inventory”
(p. 16).

Rischel proposes “to introduce the concept ‘neutralization’ in
the purely sequential aspect of language as a Markoff-process. This
would involve that surely not only the probabilities but the code
inventory itself varies throughout sequences: afier certain sequences the
difference between two elements is neutralized” (pp. 15-16). It would take
us too far to discuss this contribution to code theory, but anyhow
Rischel’s remarks are noticeable by their suggesting, in fact, that in
this field codes may profitably be studied together with language,
and not the other way round.

An important fact about most — or all — technical codes is their
synthetic nature: The code system consists of a given number of
elements, and of given (explicit) rules for combining them into
(potential) messages. Owing to this fact discrete signalling systems
and their functioning have been studied by information theory
without it being necessary to tackle problems of how to find out the
(or a) system that corresponds to ~ “underlies” — a given message.
When dealing with the phonemic or graphemic aspect of linguistic
messages, code theory in practice draws upon the results of a phono-
logical (phonemic) or graphemic analysis, carried out on a linguistic
basis (cf. the situation previously discussed for set-theoretical de-
scriptions of language expression). “Auf welche Weise man die
Nachrichtenobjekte im Informationsvolumen® (e.g., the phonemes
of an utterance) “‘erkennen kann, bleibe zunichst offen. Die hierzu
geeigneten Analysiermethoden bilden eines der schwierigsten Probleme
bei der praktischen Anwendung informationstheoretischer Metho-
den. Wir setzen voraus, die Analyse sei bereits durchgefiihrt. ...”
W. Meyer-Eppler, op. cit., p. 58.

Thus it is an open question whether code theory can furnish a
new and more general basis of setting up elements like phonemes.
So far there seems to be no theory overbridging the division which
Saussure introduced at once in the semiology he had suggested him-
self: “La langue présente donc ce caractére étrange et frappant de
ne pas offrir d’entités perceptibles de prime abord, sans qu’on puisse
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douter cependant qu’elles existent et que c’est leur jeu qui la consti-
tue. C’est 12 sans doute un trait qui la distingue de toutes les autres
institutions sémiologiques” (Cours p. 149).

In the case of continuous signals, including speech in its physical
aspect, the situation is different. Since the notion of code - wha%t-
ever particular definition adopted — is always bound up with dis-
crete (discontinuous) signals, code theory becomes relevant to ?he
speech continuum only where attempts are made at quantizing
speech into recurrent elements. The background of teIecommu.m-
cation research in this field lies in the importance of compressing
speech into signals occupying less channe! capacity;.in addl'non to
ways of compression by which the speech signal remains continuous,
various ways of discrete (parametric) compression, making use of
vocoders of different constructions, are being developed (cf. for
instance the recent survey by M. A. Sapozkoo®). .

It is beyond the scope of the present paper to discuss w}.xet.her
human perception of speech involves neurological processes similar
to such technical coding processes — a view advocated in cyl?er-
netics. But it is highly relevant to phonology whether it is possible
by technical means to quantize speech into code elements corre-
sponding to phonemes. In her report to The 8§h Internat. Cogg'r.ess
of Linguists (Oslo 1957), Eli Fischer-Jorgensen® dlscussef‘the possibility
of obtaining ‘phonemes from curves’ (by. means of p}.loneme de-
tectors”) but answers in the negative. It is, indeed, unhl.ccly that a
machine of human ability in recognizing phonemes will ever.be
constructed. But it is a matter of human abilit.y in constructing
machines, in what degree a mechanical. segmentation of spefach 1n}:o
linguistically relevant elements is possible; among other things, the
elements obtained need not be of the same extension as phon.cr‘n'es.

Considering the economical interests .attache‘d. to this posmb(;ht};
— closely related to conversion of speech into writing — a good ezti
of effort will probably be devoted to such tasks3 and phonology an
phonetics may from this research learn something about the na}tlt.xre
of phonological analysis, in the same way as research on machine
translation has thrown light on certain hitherto unnoticed pre-
suppositions of man-oriented grammar. Anyhow, these perspzcu\iz::;
are only by-products of code theory, ‘and t.he)f are connec;e '
the conception of language as a code in an indirect way only. .

The conclusions arrived at do not raise the. cxpecta}uOns rom
applying code theory to questions of phonology (in the wider sense).
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In other linguistic fields the prospects of code theory may be others;
but conclusive judgments in the negative occur in the literature:
“Two opinions current in MT writings on language are that lan-
guage is a code and that the code is fundamentally binary. Both
these views are, from the standpoint of a communication engineer,
tenable and useful. From the linguistic standpoint, however, these
views are both questionable and unhelpful; and they have hamper-
ed MT work because they misrepresent the functioning of language

both in its internal relations and in its relations to non-language”
M. A. K. Halliday® (p. 146).

Anyhow, the question of whether language is a code has im-
portant theoretical implications, and even answers in the negative
may be useful; for — on condition that a clear definition of code is
given — we shall learn something about the nature of language by
finding out to what extent language is not a code.
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Discussion

Herdan (Bristol): I do not know who ever described the application of mathematics
to language in the words used by the lecturer, namely “Language is a code” and
“Language is discrete mathematics”. Rightly understood, no such identification is
intended by the introduction of mathematical methods in linguistics. Such application
has a sound empirical basis. It was simply found that language has certain aspects in
common with artificial codes, and since we know the structure of such codes very well,
they being of our own making, it is quite natural that we should make use of this when it
comes to describing language. This is all it comes to. There is no identification implied in
this between natural languages and artificial codes.

Mr. Spang-Hanssen said that he did not see the connection between de Saussure’s
teaching and code theory, or that there was no historical connection between the two. He
evidently does not take into due consideration de Saussure’s axiom of the independence
of sound and meaning. If this is understood in all its implications it leads to the concep-
tion of language being in certain aspects, and specially so on the phonemic and alpha-
betic levels, very similar to artifical coding systems. In particular, Information Theory
which works with the conception of language as a code is only possible if the frequency
distribution of phonemes and of alphabetic symbols remains sensibly stable regardless
of the content of sufficiently long messages or texts.

As to the statement that “ Language is discrete mathematics”, if it was ever made
like this, it ought not to have been. Although we make extensive use of continuous
mathematics in engineering, nobody has ever said that engineering is continuous mathe-
matics. To say so would only provoke the obviousobjection that engineering is engineering
and mathematics is mathematics. Similarly, it would not make sense to say that language
is a discrete mathematics. Both engineering and language are fields in which mathema-
tics can be applied profitably. They are thus fields of applied mathematics, not the
mathematics themselves.

Bés (Buenos Aires): Je voudrais souligner I’observation faite par M. Spang-Hanssen,
laquelle s’appuie, 2 son tour, sur les remarques de M. Rischel. I1 est bien connu que pour
certaines formulations phonologiques on emploie non seulement les unités qui préceédent
a un élément donné mais aussi celles qui le suivent dans la chaine. En espagnol et dans
beaucoup d’autres langues, entre voyelle et /p/, la seule nasale qu’on trouve c’est [m];
donc [m] a une information plus faible que si elle était en opposition avec les autres
nasales, c’est & dire, quand elle est suivie par une voyelle. Si on exprimait ce fait par le
seul recours aux éléments précédents, la formulation qui en résulterait ne serait pas
acceptable du point de vue phonologique a cause de sa complexité. On peut donc tirer
la conséquence que non seulement il y a des différences d’inventaire dans les différents
points de la chaine mais que celles ci, 4 son tour, sont parfois déterminées, au moins
partiellement, par les phonémes qui suivent. Cela pose de sérieux problémes a I'applica-
tion du proceés de Markoff.

Fry (London): I would put in a plea for using the expression “artificial code” as
Mr. Herdan has done in contrast with “natural languages”.

This seems to me much clearer than the distinction between codes in which the
rules are “explicit” or “implicit”, as Mr. Spang-Hanssen has characterized them. In an
artificial code the rules are formulated before the code is used, and thus we know what
the rules are from the start; in natural languages we do not start by knowing the rules
and we have to try to discover them. But unless a code is in use, whether it be an artificial
code or a natural language, the rules are always implicit.

Tillmann (Bonn): Die Frage, ob Sprache ein Code sei oder nicht, kann offenbleiben,
wenn man darauf hinweist, daB Sprache immer in einer mittelbaren, sagen wir: codier-
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ten Form zuginglich ist. Selbst wenn man es aus wissenschafts- und erkenntnistheore-
tischen Uberlegungen unterlassen muB, der Beziehung zwischen Sprache-an-sich und
deren Transformation, d.h. Codierung, und ihrer Beschreibung weiter nachzugehen, so
kann meines Erachtens doch die Auffassung der beschriebenen Sprache als Code manche
Scheinprobleme auflésen helfen, z.B. das der mono- oder biphonematischen Wertung
von Diphthongen und Affrikaten. Ja, man kénnte sogar von der «codetheory» Argu-

mente fiir die Moglichkeit der an sich relativ arbitriren Entscheidung fiir das eine oder
das andere erwarten.



Proc. 5th int. Congr. phon. Sci., Miinster 1964, pp. 61-81
(S. Karger, Basel/New York 1965).

“Suitable and Unsuitable Mathematical Models
in Language Statistics, and their Consequences

By Gustav HERDAN, Bristol

Originally the word ‘mathematical model’ meant a three-
dimensional geometric structure in wood or cardboard representing
visually the relation between three variables; later, it came to be
used in the sense of hypothesis or theory, by which to explain an
observed relationship between variables. More precisely, and more
ambitiously, it is the name for the differential equation set up on the
basis of an hypothesis about the behaviour of two or more variables,
which by integration would lead to the empirically established
relation between those variables. There is nothing to be said against
the use of the term ‘model’, provided one is clear about the sense in
which it is to be understood. But from the explanation given above,
it is difficult to see what advantage it is to call an hypothesis, or a
differential equation, or a theory, a ‘model’. In the original sense, a
model was very effective in making us visualize an observed mathe-
matical relationship; in its metaphorical sense, it does nothing of the
kind, but may even obscure the matter if it makes us forget that
‘model’ stands here for hypothesis or theory. If so, it tends to make
us construct such models independently of one another, and regard-
less of the wider implications of the observed relation. This could be
a great disadvantage, considering that it is the virtue of a theory to
reveal hitherto unrecognized relationships between often widely
different parts of a field of knowledge. If, therefore, in this address,
I use the term ‘model’, it should be understood according to the
above interpretation as hypothesis or, better, theory.

L

1. For mathematical models to be of real value it is necessary
that (1) the relation of events of which the mathematical structure
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Table V

Macauley: (1) the vocabulary “expected” on the basis of the Bunyan distributions, table II,
cols. 2 and 3, and (2) the observed distribution from table II, cols. 4 and 5 (summed).

Initial1 letter Expscted Obsgrvcd Initia{ letter Expzcted Obszrved
of noun vocabulary vocabulary letter of noun vocabulary vocabulary

A 207.1 245 0] 69.0 70
B 169.8 156 P 339.6 329
C 370.0 377 Q 13.3 14
D 256.2 235 R 227.4 188
E 118.8 162 S 358.2 372
F 155.6 145 T 164.4 172
G 95.6 100 u 15.8 21
H 129.9 107 Vv 84.1 63
1 139.3 169 w 97.7 86
J 40.9 23 X - -
K 17.1 19 Y 4.8 8
L 108.8 117 VA 2.1 4
M 197.6 205

N 53.8 50 Total 3436.9 3437

difference between the Bunyan and Macaulay distribution of vocabu-
lary simply in terms of the respective proportions of OE and LR
words. By simply varying the proportions in the Bunyan vocabulary,
we can account for 72 = 0.9727, or roughly for 97 %, of the variance
of the Macaulay distribution.

Regarding the general linguistic aspect of language contact, we
have learnt from the above analysis that the relative distributions of
nouns in literary texts of English according to the initial letter for
each, the Teutonic and the Romance component of vocabulary, can
be regarded as random samples of the corresponding probability
distribution in the language. As random samples, they are independ-
ent of text length and content; moreover the distribution of each
component, OE and LR, is independent of, and without influence
upon, the other. It is these findings which provide the theoretical
basis for drawing the inference of different proportions of the OE
and LR components in the vocabularies of two English writers from
an observed difference in the alphabetic distribution of their vocabu-
laries.

2a. An obvious and interesting question is whether the stability
of the alphabetic distribution of nouns of a given component, say the
LR component, is the manifestation of the form of that type of

in Language Statistics, and their Consequences 75

distribution in the parent language, Latin in our case. If this could
be established it would throw quite unexpected light upon the
mechanism of ‘borrowing’ and the mixing of languages. Unexpected,
because the current view in this matter among linguists is that
change and not stability is the effect of such language contact.
Table VI gives the answer to this question. Col. 2 gives the
mean Bunyan-Macaulay ranking of the alphabet for nouns of LR
origin: col. 3 gives the ranking for Mediaeval Latin nouns (2454
altogether) from the ‘De Imitatio Christi’, together with samples

Table VI

Comparison of the ranking of initials (1) in nouns of Latin-Romance origin in .Bun_yan
and Macaulay, col. 2; (2) in Latin nouns occurring in samples from the Imitation,
& Kempis and Gerson, col. 3.

1

2 3 2 3
Bunyanand 4 Kempis and Bunyan and & Kempis and

Rank R \otiaeval Rank Ko Mediseval
ponent Latin ponent Latin
1 C C 14 G O
2 P g 15 L N
3 S S 16 O H
4 A A 17 H G
5 D I 18 N B
6 R D 19 J J
7 M M 20 U U
8 I F 21 Q Q
9 E R 22 w VA
10 T T 23 VA K
11 F L 24 K w
12 A% Vv 25 X X
13 B E 26 Y Y

from miscellaneous works by Thomas & Kempis and theological
writings of Gerson. There is evidently good general agreement be-
tween the two, in spite of some differences in rank for certain letters.
As a summarizing measure for the agreement, we use again the rank
correlation coefficient which for our two series results as 0.960,
which means a highly significant correlation. In fact, it is not
appreciably different from the ranking correlation coefficient be-
tween the two LR series from Bunyan and Macaulay, which results as
0.986.

The high correlation between the alphabetical distribution of
the LR component in both writers, and the corresponding distri-
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bution from works written in Mediaeval Latin provides the ex-
planation for the stability discussed above. It is the tenacity of the
Junctional burdening of particular sounds (represented by letters in our
illustration) when used as noun initials which has made the same
probability distribution persist from mediaeval times through the
subsequent development of English.

A new and important item of knowledge we derive from the
Investigation in this respect is that the borrowing of Mediaeval
Latin by Old English and the initimate mixing of the two main
components of English has left the original alphabetical distribution
of nouns in Mediaeval Latin unaltered. It follows that such alphabeti-
cal distributions are to a very high and significant extent independent from one
another, in spite of the intimate mixing of the components.

2b. A point of methodological interest to which I should like to
draw attention is that the investigation shows how what started as
research of an apparently literary nature only, namely as stylo-
statistics, could lead to highly relevant linguistic results. This, I submit,
is one of the most valuable concomitants of literary or stylo-statistics,
to use its conventional name. That this feature should have escaped
the attention of W. Plath, the author of the chapter on ‘Mathematical
Linguistics’ in “Trends in European and American Linguistics 1930
to 1960 (Utrecht 1961) is most deplorable and must be regarded
as a severe fault of his presentation of the subject, in particular
where it deals with ‘Statistical Linguistics’. According to Plath, there
has been no important development of the statistical study of
language since Yule, apart from my new derivation and inter-
pretation of the predominant parameter of vocabulary distribution,
Yule’s Characteristic K, as the coefficient of variation of the mean.

Mr. Plath has here missed the essential point that whereas Yule
was only concerned with the statistical study of vocabulary for pur-
poses of characterizing individual style in an objective manner, I have
been mainly concerned with extending the analysis of word frequen-
cy, and of frequency of linguistic forms in general (phonemes,
letters, morphemes, syllables, etc.) to language as such, which led to
statistical linguistics as the quantitative interpretation of de Saussure’s
‘langue-parole’ dichotomy, and with it to a new branch of linguistics
as a science in the sense in which L. Bloomfield uses the term. That
this point should have been missed so completely in a publication
which is primarily meant to acquaint linguists with the develop-
ment of this branch of knowledge is highly regrettable.
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3. The question now arises whether the calculus of statistical
conditions in language in the form of a multinomial law also applies
on the vocabulary level. It is quite conceivable that this formula
being only part of a general calculus of linguistic observations, may
not be the appropriate one on the higher levels of language.

As it turns out, the difference between the comparatively small
number of phonemes in a language (say between 20 and 50) and the
very large number of vocabulary items (of the order of magnitude
of 50,000) is such as to make it practically impossible to apply the
multinomial law if the variable is the occurrence probability of the
individual vocabulary items. This would mean a series of as many
p1 as there are vocabulary items in a comprehensive dictionary of the
language.

However, the multinomial law becomes applicable if instead
we let the p; denote not the probabilities of particular vocabulary
items — against which there might also be objections of a theoretical
nature —, but the probability of a vocabulary item belonging to one
part of the text, to two parts, ... to all parts into which the original
text, or complex of texts, has been equally divided. This means that
instead of with vocabulary occurrence frequency, we work with
what is known as vocabulary partitioning, or vocabulary connectivity, a
most useful and important characteristic of the vocabulary structure
in a language.

In place of the p; in the statistical universe of phonemes, we have
here the probabilities of vocabulary connectivity according to the
Random Partitioning Function (R.P.F.)*, Their series serves as a
yardstick against which to judge an observed vocabulary connectivi-
ty with a view to arriving at a decision whether the differences be-
tween theory and observation are compatible with regarding the
observed series as a random sample of the universe, represented by
the theoretical series*.

3a. To examine, the vocabulary connectivity in say four samples
from Macaulay’s Essay on Bacon, we construct by the random parti-
tioning function the chance model of vocabulary connectivity as con-
sisting of all possible combinations in the group, in order to compare
the observed connectivity in the members with what would obtain by
chance. This enables us also to decide whether a particular member
differed significantly from the chance model, and hereby, from the

* G. Herdan: Type-Token Mathematics, esp. chapter 3, section 6.3 and chapter
XVIII A (Mouton & Co., The Hague 1960).
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rest, and if so, in what points, i.e. with regard to which particular
classes of combination. A significant y* would mean that the
member in question was significantly different from the other
members — all or some — in the group, as regards vocabulary and/or
occurrence frequency.

The calculation of the required probabilities from first prin-
ciples soon becomes very troublesome. I have therefore prepared a
table from which they can be read off directly for combinations up
to the order 30, and occurrence frequencies up to 100 (Type-Token
Mathematics, pp. 341-412).

The four cell frequencies for the chance model resulted as
2717.51, 61.60, 71.58, 273.66: total 684.35. For the y*-test they are
adjusted to the observed total 681.50, as in the second row of
table VII. This provides our yardstick of chance with which we
compare the observed class frequencies from the essay on Bacon, as
shown in the first row of the following table.

Table VII

Vocabulary connectivity (averaged) in four samples from essay on Bacon*.

(ABCD)  (ABGS)  (AByg) (AByd) Total

Observed 271.00 59.25 67.50 283.75 681.50

Calculated 276.40 61.35 71.29 272.57 681.61
x* = 0.839

Since x* remains far below the value required for significance
(7.815) for the given degrees of freedom, we conclude that the
vocabulary connectivity between one sample (averaged) and the rest
is, by and large, that expected on random partitioning within the
same universe.

In a comparison 7 samples from works by Bunyan, the calculated
cell frequencies were 449.17, 75.64, 76.02, 259.53: total 860.36. For
the y*-test they were proportionally adjusted to the observed total
718.58, as shown in the second row of the table VIII.

Contrary to the previous comparison, the value of y2 substantial-
ly exceeds that required for significance, and we conclude that the
vocabulary connectivity between the samples (averaged) and the rest

* The presence of a vocabulary item in the four samples is denoted by the capital
Latin letters A, B, C, D, and their absence by the Greek letters g, 8, 7, 6.
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Table VIII

Vocabulary connectivity (averaged) in four works by Bunyan.

(ABCD) (ABG§) (ABy&) (Aﬁy&) Total
Observed 259.00 7275 7433 312.50 718.58
Calculated 37515  63.18 6349  216.76 718.76
x* = 81.527

differs significantly from what is expected by random partitioning.
The reason is evidently that we are here dealing with samples from
three different works by Bunyan, which statistically must also be
regarded as different universes.

4. As if to disprove the view held by some linguists that literary
statistics could not contribute to our knowledge of language, or — as
the magic formula goes — were ‘linguistically not relevant”, the
Italian Semiticist, P. Franzaroli, has adapted the method of vocabu-
lary connectivity to provide a method for the investigation of philo-
logical or, as we say, linguistic phenomena. His problem was the
classification of six semitic languages: Babylonian, Ugaritic, Hebrew,
Syrian, Arabic and Ge’ez (abbreviated: Ba, Ug, Heb, Sy, Ar, and
Ge).

For the investigation he selected certain phonological and
morphological characteristics, altogether 217 isoglosses, as a re-
presentative sample of such features, and recorded for each of the
six languages whether a particular characteristic was present or not.
The following is a sample from the fundamental table listing the
results of the investigation.

Table IX
Ba Ug Heb Sy Ar Ge
1. p conservato + + + + _ -
2. p>f - - - - + -+
3. t conservato - + - - + -
4. t> s (sinGeez) + - + - - +
5.t>1¢ - - - + - -

He then chose the characteristic of vocabulary connectivity —
which here becomes that of connectivity in phonological and mor-
phological features, though, in order to avoid the longer form, we
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shall continue to use the term vocabulary connectivity — and re-
corded the numbers of characteristic features which each language
had in common with 1, 2, ... 5 other languages (table X).

Table X
Languages 1 2 3 4 5 Total

Ba 33 11 18 15 8 85
Ug 3 18 17 17 18 73
Heb 9 22 22 20 16 89
Sy 12 14 16 21 17 80
Ar 12 28 14 20 16 90
Ge 14 21 12 11 15 73
Average 13.8 19.0 16.5 17.3 15.0

For comparing one language with the rest, we require again a
chance model of connectivity. We can, however, not directly use the
numerical table of the random partitioning function because the
basic data are here given in a different form from how they were
provided in the illustration under 3. There the basic information
was the frequency distribution of vocabulary according to the occur-
rence number of the vocabulary items. These numbers could vary
from 1 to anything. Here every one of the 217 phonological or
morphological items can only be present or absent, and in symbols
have thus the occurrence numbers 1 or 0, in each language. How-
ever, the chance model can here be obtained directly from the col-
umn sums of table X by dividing the column sums by the number
of rows, that is, as the average vocabulary connectivity.

Lllustration

For the purpose of comparison, the theoretical figures are
reduced to the observed totals, e.g. for Babylonian:

Table XI
1 2 3 4 5 Total
Ba 33 11 18 15 8 85
Chance model* 14.3 19.8 17.2 18.0 15.6 84.9
x% = 32.59

* Last row of table X adjusted to a total of 85.
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which for the given degrees of freedom means that a x* like this or
greater could on pure chance occur less often than 1 in 100. We,
therefore, conclude that Babylonian is exceptional in its vocabulary
connectivity with the other languages.

%* %
*

For the sake of completeness, and to avoid confusion, it should
be remembered that just as our model is not the whole of the Cal-
culus of Statistical Conditions in language, so that Calculus is not
the whole of what I have called the Calculus of Linguistic Obser-
vations, which in addition to statistics comprises Combinatorics and
certain branches of Geometry.
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Les problémes de la phonétique évolutive

Par ANDRE MARTINET

Pour comprendre comment se posent, aujourd’hui, les diffé-
rents problémes de la phonétique évolutive, il est moins important
d’étre familiarisé avec les pratiques de la linguistique structurale
contemporaine que d’avoir pris conscience de ce qu’elle représen-
tait, a ses débuts, par rapport a ce qui avait précédé. La phonologie
d’ou, par filiation ou par réaction, sont sortis la plupart des mouve-
ments structuralistes, est, avant tout, ’affirmation et la démonstra-
tion que — pour dire les choses en termes un peu naifs, mais clairs —
les sons font partie de la langue au méme titre que le sens. Sans
doute Saussure avait-il auparavant définitivement établi que le
signifié n’est une réalité linguistique que parce qu’il correspond a un
signifiant qui appartient a la langue au méme titre que le signifié.
Mais l’articulation du signifiant en segments phoniques successifs
restait, pour Saussure et les saussuriens, un aspect purement marginal
de Porganisation de la langue. La phonétique demeurait, pour eux,
ce qu’elle avait été pour les générations de penseurs qui les avaient
précédés, une science auxiliaire de la linguistique. La phonologie a
montré que les segments phoniques successifs dont se compose le
signifiant sont des unités linguistiques, autres que le signe, certes,
puisqu’elles sont distinctives et non significatives, mais qui existent
et qui fonctionnent dans les mémes conditions que les signes. On est
aujourd’hui pleinement conscient du fait qu’il existe une syntaxe
des phonémes comme 1l y a une syntaxe des signes, méme si 'on
préfere en pratique réserver ce terme aux rapports entre les unités
douées de sens. Aux rapports associatifs de Saussure, restes d’une
psychologie dépassée, on a substitué des rapports paradigmatiques,
ceux que P’on reléve entre les unités susceptibles d’apparaitre dans
les mémes contextes. Ces rapports paradigmatiques existent aussi
bien entre les unités distinctives, les phonémes, qu’entre les unités
significatives, les monémes, et c’est, en fait, I’exemple des classes
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paradigmatiques de phonémes qui a donné le courage d’innover,
sur le plan des signes, par rapport & I’enseignement saussurien.

Pour bien apercevoir toutes les implications et toutes les consé-
quences de ces parallélismes d’un type d’unités a autre, il n’est pas
inutile de recourir & des analyses et a des formulations plus con-
crétes et plus explicites.

Soit un locuteur et un auditeur. Si la communication s’¢tablit
entre eux, C’est quils parlent et comprennent la méme langue. Le
locuteur pourrait devenir auditeur et vice versa. La langue qu’ils
pratiquent est le frangais. Le locuteur commence avec /l...] pro-
noncé [lo]. L’auditeur peut, dés cet instant, faire I’hypothése que si
Pexpérience 2 transmettre avait été quelque peu différente, le locu-
teur aurait dit /é/ (article indéfini) au lieu de [15] (article défini):
devant le contexte qui va suivre, le locuteur avait le choix entre [&/
et [I2], et son choix a été dicté par ce qu’il avait a dire. Ce qu’il avait
3 dire est précisément ce que l'auditeur doit comprendre. Il y a
choix du locuteur, mais un choix qui n’intéresse 'auditeur que du
fait de ce qui le conditionne. Si son hypothése relativement a [lo]
est correcte (s'il s’agit bien de l'article), Pauditeur sait que ce qui va
suivre représente un nouveau choix du locuteur, choix toujours
strictement conditionné par 'expérience qu’il veut transmettre. Les
circonstances dans lesquelles a lieu I'échange linguistique rendent
plus vraisemblables certains choix que d’autres. Si la scéne se passe
dans la boutique d’un chapelier, le choix de [fapo/ (chapeau ) est plus
probable que celui de [fyzi/ (. ‘fusil) ou de [famo/ (chameau), mais
ceux-ci ne sont nullement exclus. En fait n’importe quel substantif
(de genre masculin et commengant par une consonne) peut figurer
aprés [1o] initial. C’est méme 2 cette possibilité qu’on reconnait en
francais un substantif (appartenant aux sous-classes définies ci-
dessus).

Mais revenons 4 nos deux protagonistes. Le locuteur a effective-
ment prononcé [fapo/. Son choix du signe chapeau impliquait celui
des phonémes /| a p of dans cet ordre. Mais, bien que dicté par le
choix préalable du signe chapeau, le choix de chacun des phon¢mes
constitutifs du signifiant n’en reste pas moins un choix, tout comme
reste un choix celui de chapeau, bien qu’il soit dicté par ce qu’ily a
3 dire. Dire que chameau est distinct de chapeau du fait de la présence
du phonéme /m/ 12 ol chapeau présente le phonéme /p/, C’est ad-
mettre que le [[a...o/ de chameau et celui de chapeau sont linguis-
tiquement identiques, c’est-2-dire ne différent que du fait des con-
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textes dans lesquels ils apparaissent, /m/ et /p/ faisant partie de ces
contextes. Sur le plan du comportement du locuteur, ceci implique
que la production du signifiant [fapo/ ne représente pas une habi-
tude motrice unique, mais qu’elle résulte de la succession de quatre
habitudes motrices distinctes correspondant a chacun des phonémes
du mot. Le locuteur, une fois qu’il a prononcé /fa.../ peut prononcer
[...p.../ ou [...m...[ ou tel autre phonéme du frangais; son désir
de transmettre un message correspondant a son expérience du mo-
ment lui fera choisir /...p.../ au lieu de /...m...[ ou tel autre
phonéme que diverses circonstances pourraient I'inciter a prononcer.
On peut supposer, par exemple, qu’il a eu récemment a prononcer,
avec une particuliére fréquence, des mots ou /...a.../ était suivi de
[...m.../, de telle sorte que [...m.../ viendra plus naturellement
aprés [...a.../ que toute autre consonne de la langue. Ou encore,
la vue, accidentelle, d’un tableau représentant un chameau peut le
pousser a dire /fam.../ méme si les besoins de la communication
réclament en I’occurrence une autre consonne que /...m...[. Pour
prononcer /fapo/, il lui faudra surmonter la tentation de faire suivre
/[...a.../ de [...m...[. Peu importe que tout ceci soit conscient ou
inconscient. Il lui aura fallu maintenir le voile du palais relevé
contre la paroi postérieure du pharynx et interrompre les vibrations
glottales, alors que pour /m/ le voile se serait abaissé et la voix
aurait persisté. L’étude des lapsus montre que les tentations du type
de celles que nous supposons ici, sont souvent si fortes qu’on y céde.
Les contrepéteries, comme celles qui ont rendu célébre le «don»
Spooner d’Oxford (half-warmed fish pour half-formed wish, etc.), les
allitérations, les assonances, les rimes, les devinettes que mentionne
Troubetzkoy?, sont autant de preuves que I’analyse des signifiants en
phonémes successifs n’est pas un simple procédé descriptif inventé
par les phonologues, mais correspond & quelque chose d’observable
dans le comportement linguistique de ’homme. A chaque point du
discours, il y a donc choix d’un phonéme parmi tous ceux qui pour-
raient paraitre dans le méme contexte si le message a transmettre
était autre.

La facon dont un phonéme se réalise dépend d’un certain
nombre de facteurs comme le contexte phonique, la conformation
des organes de celui qui parle et I’état de son humeur. Elle ne dé-
pend jamais, en principe, du sens du mot ou du monéme dans lequel

1 Arch. f. vergl. Phonetik 1: 129-153 (1937).
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le phonéme figure. Ceci est une preuve supplémentaire de la réalité
du phonéme et du caractére fondamental de la seconde articulation
du langage humain, celle selon laquelle les signifiants s’articulent en
unités distinctives successives. Si le signifiant [[apo] correspondait a
une habitude motrice unique comportant, par hasard, une suite de
traits qu’on pourrait approximativement identifier a certains types
phoniques notés [{1, [2], [p], [0], rien ne pourrait empécher ce signi-
fiant d’évoluer, par exemple pour mieux s’adapter, selon la fantaisie
des usagers, & I’expression du signifié «chapeau». Les seules limi-
tations qu’on pourrait imaginer pour cette évolution, résulteraient
de la nécessité de distinguer le signe chapeau des autres signes de la
langue. Comme il n’y a pas en frangais de signe a signifiant *[sapo],
ou *[fapu], ou *[{epo], rien ne s’opposerait a ce que [[apo] évolue
vers 'une quelconque de ces formes, et bien au-deld. Mais, bien
entendu, [[a], signifiant de ckat, ne pourrait évoluer vers [sa], puis-
que cela entrainerait une confusion avec [sa] signifiant de ¢a; [fapo]
pourrait passer a [fapu], mais [po] (pot) devrait rester distinct de
[pu] (pou), etc. En d’autres termes, ’évolution phonique se ferait
au hasard, au gré de ’humeur des locuteurs, et Pincessante varia-
tion des signifiants censée, dans Pesprit des usagers, viser a une
meilleure adaptation de la forme au sens aurait pour corollaire
qu’a une certaine forme correspondrait un certain sens et qu’a
I'infinité des nuances phoniques correspondrait une infinité de
nuances sémantiques qui aboutirait a diluer le lexique en un en-
chevétrement de nébuleuses. Bien entendu, on ne constate, dans les
langues, rien de semblable: /fapo/ ne pourrait évoluer vers /sapo/
que si tous les /[/ initiaux devant /a/ évoluaient vers [s/, aussi bien
dans /fa/ (chat), ol I'évolution ameénerait a identifier chat et ¢a, que
dans /fapo/ ou elle n’aboutirait & aucune confusion. Toutes les
réalisations d’un méme phonéme sont solidaires les unes des autres.
Ceci ne veut pas dire que le résultat acoustique et I’évolution a venir
seront partout les mémes, car la pression du contexte phonique
pourra, 4 la longue, entrainer des déviations considérables. Mais il
n’y a pas de solidarité entre le sens du mot et la forme du signifiant.
Tout ceci n’est, bien entendu, qu’une version synchronique de ’en-
seignement néo-grammairien relatif & la régularité des changements
phonétiques. Les déformations expressives, gémination, allonge-
ments et autres, pour fréquentes qu’elles soient, sont des exceptions
dont le caractére marginal ne fait que mieux ressortir 'indépendance
que confére a la forme le caractére discret des unités distinctives.
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I1 ne peut y avoir choix qu’entre des éléments distincts, et la
nécessité de choisir implique la préservation des distinctions. Or.
réaliser une distinction demande nécessairement un effort, que cec;
se Place sur le plan des monémes ou sur celui des phonémes: on se
fatiguerait moins & employer toujours chapeau dés qu’il s'agit d’un
couvre-chef qu’a essayer de distinguer entre la casquette, le béret, le
chapeau proprement dit, et, parmi les chapeaux, le melon, le haut-
de-forme, le canotier, etc. Mais les besoins traditionnels de la com-
munauté frangaise réclament quon distingue absolument entre les
couvre.-chef a bord, les couvre-chef A visiére et les couvre-chef sans
bord ni visiere. Sur le plan des phonémes, on réaliserait une considé-
ral.)le ¢économie d’énergie si, dans I’articulation des consonnes fran-
caises, on laissait au contexte phonique le soin de décider si la glotte
doit v1jbrer et le voile s’abaisser ou se relever; mais il en résulterait la
confusion des trois phonémes /p/, b/ et |m/ entrainant celle de
cha.peau, cimb?t et chameau et de centaines d’autres triades ou d’autres
paires que fixstingue lalangue. Ily a conflit permanent entre la ten-
dance de I'individu A restreindre sa dépense d’énergie et les besoins
dela cqmmunauté qui réclament le maintien de distinctions jugées
nécessaires par 'ensemble des usagers de la langue. C’est ce conflit
que résume la théorie du moindre effort qu’on désigne ¢ alement’t
comme le principe d’économie. s

(?n objecte parfois 2 la théorie du moindre effort le fait bien
établi de la dépense gratuite de surplus d’énergie, dans le jeu par
exemp.le. Dans le cas du langage, on constate 3 t’out momi:nt Son
emploi & des fins non communicatives, dans le monologue, par exem-
plc?, ou dans certains dialogues qui ne sont que des mon(,)ﬁ) es dé-
gul.sés.. Mais lorsque le langage n’est qu’un jeu, il n’est joué g: facon
satisfaisante par le joueur que si celui-ci se conforme aux régles ; ui
sor:t celles du ‘langage communicatif, et la tricherie porte in e(llle-
meme sa sanction. En tout cas, si celui qui joue au langage déviait
consciemment ou inconsciemment, des régles établies, il se verrait,:
cc,)ntran.lt de 8’y conformer dés qu’il lui faudrait se fairc’ comprendr
c! autrui. C’est pourquoi I’économie du langage est bien ourpl’ -
t.1el réglée par le moindre effort, C’est-a~dire, il faut le ra peler lisel}-
libre entre Pinertie naturelle et la satisfaction des bCSCI)Di}:lS S

. lj‘arml les facteurs d’inertie, il convient de mettre en v;;leur ceux
quis’exercent sur 'axe du discours, d’une unité 4 I'autre d’un méme
éx,mncé. Sur le plan des unités significatives, on sait comment le sens
d’un monéme ou d’un mot est précisé et limité par le contexte sé-
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mantique ol il figure et avec quelle fréquence des contextes favori-
sés entrainent la fixation de certains glissements sémantiques: I'an-
glais bead est ainsi passé du sens de «priére» a celui de «grain de
collier ou de bracelet». Sur le plan des unités distinctives, c’est tout
le chapitre des changements dits «conditionnés» qui est en cause.
Comme nous I’avons vu ci-dessus, le sens d’un mot ne saurait, en
principe, influencer la réalisation des phonémes qui composent sa
face signifiante; mais ’habitude motrice qui s’identifie & un pho-
néme particulier sera nécessairement infléchie & son début et a sa
fin, par habitude motrice qui la précéde et par celle qui la suit;
Padaptation du phonéme a son contexte est inéluctable. Il en résulte
qu'un phonéme n’est jamais attesté que sous la forme de variantes
contextuelles, ou allophones, dont partent certains linguistes pour
définir le phonéme comme un groupe d’allophones ou une famille
de sons concrets. Il n’y a guére de limites aux modifications que le
contexte peut déterminer chez un segment phonique: dans I’espa-
gnol populaire ocupao, qui dérive, en derniére analyse, du latin
occupatum, Passimilation de ¢ & son contexte, par voisement tout
d’abord (cf. la graphie ocupado), par relachement ultérieur de 'oc-
clusion (cf. la prononciation soignée [okupado]), a conduit 2 I’élimi-
nation pure et simple du segment. Mais il est clair que tel n’est pas
le sort de tout [t] intervocalique: celui du russe Zivéte subsiste depuis
plus de quatre ou cinq mille ans sans aucune trace d’adaptation au
contexte, et, en espagnol méme, le [t] de matar, qui est intervocalique
depuis bien des siécles, est toujours sourd et occlusif. Il est donc clair
que Pinertie, face aux pressions du contexte, peut étre compensée
par autre chose qui contribue au maintien des contrastes de la
chaine par le maintien des oppositions du systéme.

C’est 13 ol en était restée la phonétique évolutive traditionnelle,
celle qui dénongait son impuissance en désignant comme des change-
ments «spontanés» ceux pour lesquels elle ne trouvait pas de justifi-
cations dans son arsenal, comme si un changement pouvait ne pas
avoir de cause. Pour poser correctement le probléme, il faut dégager
tout ce que ne saurait expliquer la pression des contextes particuliers
et qui comprend, outre le conditionnement des changements qui
affectent toutes les variantes contextuelles d’un phonéme donné,
par exemple le passage de & latin 2 [y] frangais, les facteurs qui per-
mettent & la pression du contexte de se donner libre cours (esp.
ocupao) et ceux qui empéchent cette pression de s’exercer.

En face de la carence de la phonétique évolutive traditionnelle

Buer,
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dans tous ces cas, les linguistes ont réagi de trois facons différentes,
selon leur tempérament, leur éducation, ou I’école & laquelle ils
appartenaient.

Les uns ont invoqué des facteurs non linguistiques, facteurs
raciaux ou facteurs géographiques divers2. Méme sous leurs formes
les plus récentes et les plus élaborées, les hypothéses de ce type
restent un ensemble de vues de I’esprit, parfois séduisantes, souvent
comiques, mais toujours plus amusantes que convaincantes.

D’autres ont préféré écarter les problémes en cause comme dé-
finitivement ou temporairement insolubles. Ce sont ceux pour qui
compte surtout 'apparence de la rigueur: puisqu’en tout état de
cause, nous ne pouvons pas tout expliquer, n’expliquons rien et
contentons-nous de présenter les faits dans leur succession tels que
nous les constatons. C’est un genre de linguistique 4 laquelle on doit
étendre I’épithéte de «descriptive» si malencontreusement réservée
aujourd’hui aux travaux des synchronistes. En face d’un probléme
comme celui de Iévolution des occlusives intervocaliques en roman
occidental, le comportement du descriptiviste consiste 4 relever et &
dater les faits de graphie qui paraissent impliquer une modification
de Particulation des intervocaliques. Comme, toutefois, considérer
les intervocaliques comme un ensemble de faits susceptibles de rece-
voir un traitement analogue laisse transparaitre quelque préjugé
explicatif (la position intervocalique serait partiellement responsable
de Iévolution qu’on va constater), les descriptivistes les plus con-
vaincus traitent & part de chacune des consonnes du latin sans
Jamais comparer les phénoménes qu’on constate dans une position
déterminée®. Un des résultats les plus strs de cette méthode est
d’écarter des études de linguistique diachronique ceux pour qui la
compréhension des phénoménes est la récompense d’heures d’études
longues et austéres.

D’autres enfin ont invoqué les influences qu’exercent les langues
les unes sur les autres. L’hypothése la plus connue est celle du subs-
trat qui, ni au premier abord, ni & plus ample examen, ne mérite le
mépris dans lequel la tiennent certains linguistes contemporains,

? Par ex. Ginneken, J. van: TCLP 8: 233-261 (1939); Koppelmann, H. L.: Ursachen
des Lautwandels (Leyde 1939).

® Sans doute par souci d’éviter toute source de controverse dans un manuel élémen-
taire, chez Bourciez, E.: Phonétique frangaise, 177-179, 198-200, 203-205, 227-230
(Paris 1937).

4 Cf. le point de vue nuancé, mais plutét hostile de Fungemann, F. H.: La teoria del
sustrato y los dialectos hispano-romances y gascones, 17-27 (Madrid 1955).
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On peut parfaitement écarter I’explication substratiste pour le # du
frangais ou la gorgia toscane aprés examen des dossiers respectifs,
sans pour cela rejeter définitivement le substrat comme principe
d’explication. La seule attitude scientifique en la matiére est de
vérifier, dans le monde d’aujourd’hui, dans les sociétés accessibles a
I’observation, ce qui se passe réellement lorsque deux langues sont
en contact. Les réponses que fournira ’observation seront valables,
non seulement dans le cas assez particulier du substrat, mais dans
toutes les situations bilingues ou plurilingues.

Le danger auquel on s’expose constamment lorsqu’on estime
avoir découvert quelque nouveau principe d’explication c’est, bien
entendu, de vouloir en faire un principe universel. C’est & cette
tentation qu’ont cédé beaucoup de ceux qui, ayant étudié dans le
détail la fagon dont se propagent certains changements phonétiques,
que ce soit a 'intérieur d’une communauté homogéne ou de langue
a langue par le chenal de bilingues, ont voulu voir, dans 'imitation
d’usages, de dialectes ou d’idiomes différents un moyen d’expliquer
tous les changements phonétiques.

Il y a deux fagons de concevoir I’action d’une langue sur une
autre en matiére de changements phonétiques. On peut d’abord
supposer I’existence dans une langue A d’un processus évolutif: telle
voyelle est en train de se diphtonguer, [e:] par exemple devient
[ei]; des bilingues, parfaits ou imparfaits, 12 n’est pas la question,
recoivent des unilingues de langue A cette habitude de diphtonguer
le [e:] et ils la pratiquent dans leur autre langue, B, aussi bien que
dans A; des unilingues de langue B imitent a leur tour les bilingues,
et C’est ainsi que la diphtongaison de [e:] passe d’une langue & une
autre. Ce qui a été emprunté, dans ce cas, c’est un processus ou,
comme le disent certains, une tendance.

On peut d’autre part envisager que de dialecte a dialecte ou
d’une langue 4 une autre langue, lorsque, par parenté génétique ou
emprunts massifs, existe un vocabulaire commun, la forme de cer-
tains mots sera modifiée pour I'identifier a celle des mots correspon-
dants du dialecte voisin. Soit un dialecte B qui présente /ka/, /ki/,
/kapo/, [kato/ la ou le dialecte A offre [fa/, [[4], [fapo/, [fato/. Il se
peut que B emprunte a A les formes [fapo/ et /fato/ et les emploie
réguli¢rement au lieu de /kapo/ et /kato/, alors qu’il conserve [ka/
et /ki/ en face des [fa/ et [f3] de A. Un peu plus tard, ces derniers
finiront aussi par s'imposer en B aux dépens de [ka/ et /kd/. Les
linguistes examinant le dialecte B quelques siécles plus tard, seront
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légitimement tentés, s’ils n’ont pas de données ponctuant les diffé-
rents temps du phénomeéne, d’y retrouver un changement «régu-
lier» d’un [k/ primitif en /f/, alors qu’en fait il y a eu remplacement
de certaines formes du parler par les formes d’un autre dans des
conditions qui rappellent celles de 'emprunt lexical.

L’une et I'autre modalités d’action sont largement attestées et
ont été assez bien décrites®. Il est souvent possible d’identifier la
seconde du fait de la persistance de mots qui n’ont pas «fait» le
changement (dans le cas présenté ci-dessus, ceux qui ont gardé [ka/
au lieu du /fa/ attendu) soit parce qu’ils n’avaient pas de correspon-
dants dans le dialecte qui a fourni les formes nouvelles, soit parce
qu’ils étaient d’une nature sémantique telle qu’ils n’avaient guére
de chance d’étre employés au cours de relations interdialectales
(mots trés familiers, obscénes ou bas). Il n’est donc pas question
d’écarter les contacts de langue, c’est-a-dire le bilinguisme et le
plurilinguisme, lorsqu’il s’agit de rendre compte de I’évolution de la
phonie des langues. Mais on ne saurait en faire I'unique principe
d’explication.

Ce que la phonétique évolutive traditionnelle n’a Jjamais fait
entrer en ligne de compte, c’est Paction que peut avoir, sur la nature
articulatoire des phonémes, la nécessité de les maintenir distincts les
uns des autres. On apergoit assez bien les raisons de ce désintérét:
seul le changement pouvait retenir Pattention du spécialiste de
phonétique évolutive; s’il s’agissait pour les phonémes de rester

distincts, la solution la plus simple semblait étre dans Pimmobilité,
le maintien du statu quo; il était impossible d’i

‘ n du s Imaginer la préserva-
tion des distinctions comme le moteur initial d’un changement. Or,

ce qu’on recherchait, un peu naivement nous semble-t-il aujour-
d’hui, c’était ce moteur initial, la cause premiére et unique des
changements particuliers, voire méme des changements phonétiques
en général. On avait, bien entendu, souvent constaté des change-
ments en.chaine % [u/ passant 4 Jy/, o] a [u/, [> & of par exemple, et
cecl aurait pu suggérer qu’un déplacement particulier, disons celui
de /o] & [u/, n’avait pour cause que la nécessité, pour les locuteurs,
de distinguer les mots et les formes présentant le /o] traditionnel de
ceux qui présentaient un /5/, au moment ot le [>] envahissait le do-

5 Références chez Martinet, A.: RomPh. 6: 5-
Languages in contact, 14-28 (New York 1953).

® Un bel exemple chez Rogers,
Review 16: 1-32.

13 (1952), et Weinreich, Uriel:

F. M.: Insular Portuguese Pronunciation. Hispanic
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maine du /o/. Mais comme on voulait tout e)fpliquer d’un feul co,up,
on pouvait penser que le principe qui rendrait compte, un jour, d’un
des chainons permettrait de les expliquer tous, et ce principe ne pou-
vait étre le besoin de préserver les distinctions puisque le bes:om
semblait satisfait avant que commence le déplacement en chaine.
En attendant la découverte de ce principe, on tentait de coller, sur
Pensemble du phénoméne, une étiquette comme « fern}f:turf: »,
«ouverture», ou «palatalisation» qui donnait un peu }1llu5101\1
qu’on avait compris, méme lorsque, comme ici, on hésitait a loger a
la méme enseigne I’avancée de [u/ vers [y/ et la moPtée ’de Jo] vers
fu/, encore que, comme l'observation contemporaine 1:f. m‘onn:,
il n’y ait, en réalité, pas de virage brutal sur le chemin qui mene de
a i .
o L/Z /nécessité de préserver les oppositions phonologiques ne Peut
s’imposer comme d’une importance fondfirr}entale en phoné‘thge
évolutive que lorsqu’on a acquis la conylct1’()n que la phonie de
toute langue est, & tout instant, en voie d é.volutlon, parce que
Iéquilibre entre I'inertie et les besoins est toujours pfé.caure et ,ms-
table. L’¢étude des grandes langues de civilisation qui jouent d’au-
tant mieux leur réle de liaison qu’elles sont pl'u.s uniformes et Rlus
stables, nous fait souvent prendre I'idéal de st.abl‘hté p:)ur une f‘éalxté.
Mais c’est 1 une grave illusion qui s’éva}noult des qu'on étudie, sans
préoccupations normatives et sans préjugés esthéflques, les usa%le;
linguistiques observables. Un déplacemen,t en chaine, c?mmfé ce1 :
que nous avons discuté ci-dessus, n’est' qu urt moment d’une évolu
tion ininterrompue, moment priviléglé', si 'on veut, dfms C(lal sens
qu’il représente une réorganisation impliquée dans le systei;e prso;(;:
logique, mais freinée et stoppée, pendan.t un temps, pax;é 1;1(:é foc
teurs, comme l'imitation d’un Parler directeur moins évolué,
langue commune 2 fortes traditions, par cxc.mple. o o
Le maintien des distinctions phonolog1q1.1es 1mph’que, une
part, ce qu'on a appelé la différenciation maxima et, d a1.1tr<13 Izsir:;
parmi les phonémes appartenant a une méme zone ;rtfcu ament
continue, comme les voyelles, ce qu.’on dféSl.gne. métap or1<}]lue ment
comme I’équidistance entre les umtés,.dlstmctlve.s. L:I:s EAonesans
d’une langue seront aussi différents qu'il est po§s1ble e _etrc(arti-
que les désavantages divers résultant de cette d{ﬂ‘él:en01at1;),n
culation délicate, résultats acoustiques peu sat.lsfa‘lsants) 161?')3";:
tent sur avantage résultant, pour la c.ommumcatlon, de z;l 1 -
renciation: un [i/ se distinguera au mieux des autres voyelles
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systéme en se fermant au maximum vers ’avant, mais, en tant que
support de syllabe, il ne pourra pas passer & [j]. L’équidistance
signifie que, dans une langue qui posséde cinq phonémes vocaliques,
ces phonémes seront articulés de telle fagon qu’ils soient acoustique-
ment également distincts les uns des autres; I'équidistance est celle
qu’on constaterait sur un diagramme qui viserait 2 représenter les
relations acoustiques entre les phonémes. Le principe d’équidistance
se heurte trés vite & des résistances de types divers qui en limitent
Papplication. Il y a des résistances dues & la variété et 3 Pasymétrie
des organes qui réduisent beaucoup les zones continues ol pourrait
se r'nanifester équidistance: méme dans le champ vocalique, privi-
1égié & cet égard, I’économie articulatoire évidente que représente
le choix du méme angle d’ouverture du maxillaire pour les voyelles

{&vant Arriére Axe

i

u

o]
e

d’avant et celles d’arritre doit entrainer un écartement plus consi-
dérablf:* a 'avant et une «distance» acoustique plus grande entre
[e,] et [i] qu’entre [0] et [u]. Le choix du méme angle d’ouverture
N est pas une vue de Pesprit, comme le montre étude des faits de
diphtongaison. La tendance 2 Péquidistance se manifeste par la
fréguence des systémes ol la série d’avant a plus d’unités que la
série .d.’arriére, Cest-a-dire ol un type d’économie (tendance a
Iéquidistance) ’emporte sur Pautre (identité des angles d’ouver-
ture?. Il'y a donc 13, pour tout systtme phonologique, une source
possible de déséquilibre. D’autres entorses l’équidistaI;ce pourront
résulter du fait que certaines oppositions sont, en pratique plus im-
portantes que d’autres, comme nous le verrons plus loin, ’

Supposons tout d’abord que les distinctions phonologiquessoient
toutes ég.alement utiles au fonctionnement de la langue et que la
prése'rvat.lon de chacune d’entre elles soit également désirable. La
solution idéale serait évidemment le maintien du statu quo une' fois
qu’un équilibre satisfaisant a été trouvé, Mais nous venons de voir
que, mérfle si les pressions de langue & langue ou de dialecte 4 dia-
lecfe ¢taient exclues, méme si les besoins de la communication
étaient supposés immuables, il resterait, dans ’asymétrie méme des
organes de la parole, une source d’instabilit. L’expérience montre
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que certaines langues conservent de larges pans de leur structure
phonologique sans y rien changer pendant des siécles, mais aussi que
toutes celles qui restent des moyens normaux de communication
orale présentent immanquablement une phonie en voie d’évolution
sur quelque point.

Ces changements en progrés ne tendent pas nécessairement &
éliminer certaines oppositions et & en préparer d’autres. Il peut y
avoir simplement modification de la nature articulatoire et acous-
tique d’un ou de plusieurs phonémes, dans toutes les positions ou ils
apparaissent ou dans certaines positions seulement. De telles modifi-
cations peuvent étre dues 2 I'imitation de locuteurs d’une autre
langue; par exemple, le remplacement de [r] par [R] ou [¥] dans une
grande partie de ’Europe. Bien entendu, il peut y avoir, dans ce cas,
non point adoption d’un son nouveau, mais imitation d’un processus
menant 2 ce son nouveau, une diphtongaison en cours d’établisse-
ment par exemple.

Ces modifications pourront étre aussi un temps particulier d’une
réorganisation en cours; 2 la suite d’un déplacement en chaine de
[/ & [|y/, Particulation d’un [a/ peut reculer vers I'espace laissé
vacant par la «montée» de [of si I'équidistance le demande. Une
telle réorganisation peut s’étendre sur des siécles ou des millénaires;
celle qui a consisté, pour le roman d’Espagne, a remplacer les
géminées héritées du latin par des articulations de types divers, de
quantité non distinctive, sans les confondre (sauf dans le cas'de
—m~—|-mm-) avec les simples correspondantes, a dit commencer ily
a plus de mille ans et ne sera terminée que lorsque [/ et /r[ (d.ans
cerro et cero) se seront, dans tous les usages de la langue, qualitative-
ment différenciés”. A Lorigine de réorganisations de cette espece,
qui comprennent ce qu’on appelle les mutations comme celle gui a
abouti au consonantisme du germanique ancien, il peut y avoir un
contact de langue (substrat) ; mais on peut aussi supposer un condi-
tionnement interne impliquant parfois des répercussions sur le plan
phonologique d’évolutions sur d’autres plans de .la langue, par exem-
ple, une évolution du systéme morpho-syntaxique entrainant une
modification du systéme accentuel et, par contre-coup, celle du
systéme phonématique. .

On peut enfin imaginer, pour de telles modifications, d’autres
conditionnements; une mode, par exemple, qui favorisera telle dé-

? Cf. Martinet, A.: Economie des changements phonétiques, 273-288 (Berne 1955).
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viation accidentelle; mais le cas différe en fait assez peu de celui,
déja considéré, de I'emprunt a un autre idiome.

Les modifications du type que nous venons de considérer ne
changent pas le nombre des phonémes de la langue ou, plus exacte-
ment, s’il s’agit de modifications limitées & certains contextes, le
nombre d’oppositions phonologiques disponibles dans une position
déterminée. On ne peut pas dire cependant que le systéme ne soit
pas affecté, puisque les rapports des phonémes dans le systéme
peuvent fort bien étre tout autres, & I'issue du processus: lorsqu’en
haut-allemand, un /d/ ancien devient /t/ (anglais do, allemand tun),
il acquiert un trait, la sourdité, qu’il a désormais en commun avec
/p/ et [k et perd celui de sonorité qu’il partageait précédemment
avec [bf et [g[; C’est une réorganisation du systéme qui a permis
Pancien [d/ d’occuper la place d’un ancien [t/ passé A [ts/ ou [ss/
dorsoalvéolaire; les phonémes ne se sont pas confondus dans le sys-
téme, ils ne se sont pas télescopés dans la chaine parlée, mais ils sont
désormais dans des rapports nouveaux dont on devra tenir compte
si ’'on veut comprendre I’évolution & venir.

Il 'y a d’autres changements phonétiques, parmi les plus fré-
quemment attestés, qui peuvent aboutir & modifier le nombre des
phonémes, aussi bien dans la chaine que dans le systéme, sans ce-
pendant que les latitudes distinctives de la langue en soient affectées,
c’eft-é:dire sans que, de ce fait, un segment quelconque du discours
puisse jamais en venir a se prononcer de la méme fagon qu’un autre
qui €tait au départ différent. Il s’agit du transfert d’un segment a un
autre d’un trait distinctif. Soit une langue qui présente trois pho-
némes vocaliques [a/, [i/ et [u/; dans certaines conditions, ailleurs
que sous\l’accent par exemple, la voyelle perd son timbre propre et
le: transfére sur l‘a consonne qui précéde; /-ta/, /-ti—/ et j~tu—/ de-
viennent respectivement, dans ce cas, /-to-/, —t'a—/ et [-t¥o—/. La
langt.le voit, de ce fait, le nombre de ses phone
rr}ul.upliié par ‘trois; tout ce qui y était distinct
posls nooweles de hines e, oy cou du proces des
core une Tangue ot & 1a ﬁnaleg o u;borrlne i une autre. Soit en-
sonne nasale est toujours déterming yar 1 ot d’u e .dC C(‘)n-
en espagnol, par exemple); e 1ag g.ﬁ ¢ contexte (c e.st Ia .51tuat}on
a anticiper Pabaissement :iu voile d1 CathI.l * produ1t. o L
nasale, de fagon & le faire coincid » palais caraciéristique de la
J-anta] passera donc & |-, tOuter avec la voyelle précéflente;

5 es les consonnes nasales implo-

mes consonantiques
au départ demeure
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sives disparaitront, ce qui diminuera considérablement le nombre
des phonémes successifs de la chaine, mais multipliera par deux le
nombre des phonémes du systéme vocalique, puisqu’a chaque pho-
néme oral correspondra désormais un phonéme nasal. Cependant
les latitudes distinctives de la langue n’auront pas changé. Cette
fois-ci, le systéme est modifié non seulement qualitativement, mais
quantitativement, et, bien entendu, ces modifications seront déci-
sives pour I’évolution qui suivra.

Contre le point de vue de ceux qui mettent en relief 'impor-
tance, pour 'explication de I’évolution phonétique, de la préserva-
tion des distinctions, on fait souvent valoir I'existence, voire la fré-
quence, des confusions de phonémes. Puisque, argue-t-on, les pho-
némes sont la pour assurer des distinctions, s’il est prouvé qu’ils
peuvent se confondre, n’en peut-on conclure que Pévolution phoné-
tique est aveugle, ou, en d’autres termes, qu’elle se produit sans
égard & la fonction des unités distinctives? Cet argument serait
décisif s’il était vrai, de tous les points de vue, qu’une opposition
phonologique qui ne sert & distinguer qu’une seule paire de mots est
4 mettre sur le méme plan que celle qui assure 2 elle seule la distinc-
tion de centaines de quasi-homonymes. Du point de vue de la de-
scription synchronique qui doit aboutir & un systéme graphique
marquant tout ce qui peut différencier un mot d’un autre, une forme
d’une autre, ce principe est parfaitement justifié. Tant qu’un Fran-
cais peut, §’il le veut et méme s’il ne le fait pas normalement, distin-
guer dans le discours entre un méire [metr/ et un maftre [métr/, il est
du devoir de celui qui décrit la phonologie du frangais général de
signaler Popposition d’un [e/ bref 3 un [/ long en syllabe fermée et
de prévoir des notations adéquates. Mais lorsqu’on considére le
méme probléme sous un angle évolutif, il est indispensable de dis-
tinguer, d’une part, les oppositions phonologiques largement utili-
sées, [p/ <~ [b] en frangais, par exemple, d’autre part, parmi celles
qui servent peu, les oppositions rarement mises 2 profit, mais qui
sont stables parce qu’elles se fondent sur la présence, ou I'absence,
d’un trait distinctif largement utilisé par ailleurs (/8] o 18], [§] o
/3/ en anglais), et celles qui, servant peu et étant d’un type isolé dans
le systéme, sont, en fait, en voie d’élimination (/e/ o [ en fran-
cais). ) o

Lorsqu’on observe, dans une langue contemporaine, I’élimi-
nation d’une opposition phonologique, on constate qu’elle se pro-
duit lorsque la confusion des deux phonémes ne peut plus affecter
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trés sérieusement la compréhension de ce qui est dit. Il ne pourrait
y avoir d’exceptions que dans le cas ol I'élimination se réalise par
imitation de certains traits, statiques ou dynamiques, d’une langue
de prestige: une opposition [r/ o [f/, analogue 4 celle du castillan,
qui rend quelques services dans certains dialectes de France, s’y
maintient mal sous la pression du frangais général qui a éliminé cette
opposition depuis longtemps?; le processus constaté, qui n’est pas
simple (/r/ o [F] > [t/ o [R[ > [r] o [R] > [R[), doit offrir la
possibilité de se protéger, par des innovations lexicales, des conflits
homonymiques qui pourraient en résulter.

Il'y a trop de cas ol se vérifie ’hypothése que la survie d’une
opposition dépend, pour une part, de ce qu’on appelle son rende-
ment fonctionnel ( funktionelle Belastung, functional yield or load) pour
qu’on puisse I'écarter, méme si 'on ne s’est pas mis d’accord sur la
meilleure fagon d’évaluer le rendement d’une opposition. On ne
saurait en fait se prononcer sur ce qui est décisif en la matiére: la
fréquence des cas ot une négligence dans la réalisation correcte de
'opposition entrainerait réellement Pincompréhension (elle a les
cheveux blonds [bls/, elle a les cheveux blancs /bli[) ou la fréquence
geénérale des deux phonémes dans les mémes contextes indépendam-
ment des conflits réels aboutissant, de la part de P'auditeur, & une
demande d’explication. Sur le plan de la méthode et sans se pro-
noncer sur le fond de I’affaire, on recommandera le procédé le plus
simple, c’est-a-dire un relevé de fréquence dans les textes, 3 condi-
tion de traiter & part des différents contextes,

La vérification de I'hypothése relative 4 I'influence du rende-
ment fonctionnel sur le sort de Popposition ne peut se faire que sur
des langues dOflt on peut observer directement le fonctionnement.
(’)n peut l’ap}?hquer a des §V9Iutions historiques dans la mesure ol
Pon est convaincu de sa validité, Mais on ne peut faire valoir contre
elle des exemples empruntés 3 des états de langue disparus pour les-
que.ls il est difficile de réunir la documentation nécessaire a toute
Yérlﬁcation sérieuse et ou l'on est le plus souvent en peine pour
identifier les étapc):s §uccessives du phénoméne; les quatre étapes du
e i ] e e o
nait de 70 & 40 ans. Une obserI:ra(t:ioenz ((iiiiiff iy do'nt : e éChd'on-
aurait pu faire croire que /r p [ s’étai H e moms. arenave,

que /r/ et [F/ s’étaient confondus directement

R . . .
Cf. Martinet, A.: La description phonologique, 64-67 (Geneve/[Paris 1956).
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en R/, ce qui aurait exclu tout rapprochement avec les processus de
remplacement de [r/ « [T/ par [r/ o [R/ constatés de I’ Amérique du
Sud a la Suéde centrale®. Dans tous les cas ol une opposition phono-
logique se neutralise dans une situation donnée ou est totalement
éliminée, ainsi que dans celui ot un phonéme disparait par amuisse-
ment, on doit toujours envisager la possibilité que le trait distinctif
éliminé (ou I'un des traits s’il s’agit d’'un amuissement) ait été trans-
féré sur un voisin dans les conditions exposées ci-dessus. Ce trait, le
trait nasal par exemple, peut se fixer plus ou moins définitivement
(frangais Martin, catalan) ou étre assez vite éliminé (catalan Marty,
catald). La combinaison du trait distinctif en cause avec ceux du
phoneéme auquel il s’ajoute, ne donne pas nécessairement un pro-
duit d’excellente qualité, ni du point de vue de articulation, ni de
celui de la perception: les voyelles nasales dans la production des-
quelles tout I’air qui passe par les fosses nasales est perdu pour I'iden-
tification de P’articulation buccale, sont des combinaisons peu sta-
bles, soit que leur timbre spécifique tende & se modifier (comme dans
le frangais /&/ de vin venu de [i] nasal), soit que la nasalisation y dis-
paraisse comme elle a di le faire en catalan. Il n’est nullement in-
vraisemblable que I’élimination de la nasalité dans une opposition
[i] o [i] soit précédée d’une période ol la différence, souvent in-
suffisante dans la pratique, entre I'orale et la nasale ait amené les
locuteurs & prendre des précautions en éliminant toute quasi-
homonymie dangereuse, comme les Gascons ont évité le danger de
I’homonymie de gat «chat» avec *gat «coq» en remplagant ce der-
nier par hazan ou bigey avant méme, sans doute, que I’ancien *gall
ait effectivement abouti & *gat. Le transfert latéral d’un trait perti-
nent ne serait donc souvent qu’une solution provisoire.

En face d’une élimination partiellement déterminée par le faible
emploi d’une opposition, il faut peut-étre envisager des cas d’amuis-
sement oll une excessive fréquence d’un phonéme aurait entrainé
son affaiblissement dans certaines positions, celles ol un affaiblisse-
ment est le plus vraisemblable. On pense au cas du s implosif de
I’espagnol d’Andalousie et de certaines contrées d’Amérique. La
faiblesse des implosives est presque un trait général du parler hu-
main, bien qu’elle se manifeste de fagon tres variable selon .les
langues. Elle est particuliérement nette en espagnol contemporain,
ce que nous constaterons ici sans chercher  Pexpliquer. Or le s est,

® Cf. Malmberg, B.: Studia Linguistica 15: 100-101 (1961).

9 Phonetica, Kongre3
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dans cette langue, d’une toute particuliére fréquence a 'implosion,
notamment du fait de son utilisation comme marque de pluriel. On
pourrait donc supposer que la faible information entrainée par la
haute fréquence a abouti & un affaiblissement en un [h] qui, a son
tour, peut s’amuir. Comme toutefois le pluriel las mesas ne saurait se
confondre avec la mesa, la disparition de [h] s’accompagne de diffé-
renciation du timbre des voyelles lorsqu’elles étaient suivies de /s/ >
[h]°. Ce qui renforce I’hypothése que la fréquence du phonéme /s/
a pu avoir son mot a dire, c’est que les dialectes d’Andalousie, ceux
qui ont le plus profondément influencé les formes transatlantiques
de PEspagnol, ont une fréquence de s/ bien supérieure a celle des
autres usages de la Péninsule, car les deux phonémes [s/ et [8/ s’y
sont confondus (dans certaines zones sous la forme de /8/, par nature
plus susceptible encore de s’affaiblir que [s]) 1% Il n’y a pas conflit
entre ’hypothése relative au réle du rendement fonctionnel et celle
selon laquelle un phonéme d’une extraordinaire fréquence pourrait
s’affaiblir; opposition /h/ o zéro est probablement tout a fait satis-
faisante du point de vue distinctif, tant qu’elle se maintient. Ce qui
peut créer une situation délicate c’est le fait que P’évolution [s] >
[h] est irréversible, que la seule évolution connue pour [h] est
Pamuissement, et que les oppositions de timbres vocaliques qui, en
s’accentuant, pourraient fournir une solution permanente au pro-
bléme des distinctions morphologiques et lexicales & préserver, ten-
dent probablement 2 s’éliminer du fait du prestige du castillan et de
son vocalisme €lémentaire. Mais il n’y a pas de téléologie dans le
fonctionnement de la langue. Ceux qui ont laissé passer [s] 2 [h]
n’avaient évidemment aucun moyen de s’imaginer le mauvais ser-
vice qu’ils rendaient a leurs descendants.

L’apparition de nouveaux phonémes dans une langue ne se
produit sous l'influence directe de nouveaux besoins distinctifs 2
satisfaire que dans le cas d’emprunts de mots comportant des arti-
cula'tions inconnues a la langue emprunteuse: /y/ dans le frangais
meeting, [&] et [3] dans Pallemand rangieren, etc. Ces emprunts sont,
on s’en doute, facilités quand les traits distinctifs qui assurent I'iden-
tité du nouveau phonéme préexistaient dans le systéme: Iarticula-
tion de. [b] est relativement facile pour ceux qui connaissent une
opposition /p/ « [t/ et une opposition Jt/ «~ /d/. Emprunts mis 2
part, les nouveaux phonémes résultent nécessairement de variations

10 Cf. Navarro Tomds, T.: TCLP 8: 184-186 (1939).
1L Cf. Zamora Vicente, A.: Dialectologia espafiola, 236-244 (Madrid 1960).
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contextuelles qui, de facon ou d’autre, se trouvent, 2 un moment
donné, ne plus étre entiérement déterminées par le contexte qui les
a fait naitre: si, dans le contexte [-ati/, [t/ se prononce [t] (et, en
conséquence, [—ati—-| se prononce [-at'i]), son statut phonologique
n’a pas changé; mais si, sur ces entrefaites, /-i/ final tombe réguliére-
ment et si le /t/ de [-ati/ continue 4 se prononcer [t'], /-ati/ devien-
dra [-at’] et la langue aura acquis un nouveau phonéme /t'/. Un
processus de ce type aboutit & réduire le nombre des phonémes suc-
cessifs du discours et & multiplier le nombre des phonémes du sys-
téme. Il représente, pour ceux qui le réalisent, une économie, puis-
qu’il consiste pour ceux-ci & ne plus articuler certains segments du
discours. Ils n’ont pas & apprendre a articuler et a distinguer de
nouveaux phonémes, puisque les articulations en question leur
¢taient naturelles. Mais la situation est tout autre pour leurs descen-
dants qui, eux, doivent continuer & apprendre, au cours de leur
premiére enfance, & distinguer entre /i/ et les autres voyelles comme
ont fait leurs parents, mais qui, en plus, vont avoir a s’efforcer
d’articuler de fagon distincte un /t/ et un [t'/, un [p/ et un [p’/, etc.

Il y aura nécessairement une limite & 'accumulation des dis-
tinctions phonématiques qui résultent, au cours des siécles, des pro-
cessus de transfert des traits distinctifs. Ces processus seront alors
freinés ou stoppés, au moins pour un temps, en attendant que les
moins utiles parmi les distinctions phonologiques existantes aient €té
¢liminées: A aube du XVIIIe siécle, il semble que le frangais de
Paris ait présenté vingt, et peut-étre vingt-quatre phonémes voca-
liques différents?2; les jeunes Parisiens d’aujourd’hui n’en utilisent
guére plus de treize. Les oppositions qui ont été éliminées ne Pont
pas toujours été sous la forme qu’elles avaient en 1700; chacune a eu
son histoire particuliére, bien que, pour la plupart d’entre elles,
cette histoire entre dans le vaste chapitre de I'élimination de la
quantité.

De tout ceci, on retiendra surtout que ce qui est économique
pour celui qui réalise le changement représente fréquemment une
complication pour les générations a venir: il y aura toujours des
économies & réaliser en transférant des traits distinctifs sur les pho-
némes voisins de la chaine et, ultérieurement, d’autres économies en
¢liminant du systéme les oppositions de faible rendement.

Il est clair toutefois que ces conflits internes qui, & eux seuls per-

13 Voir Martinet, A.: BSL 43: 15-21 (1946).
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mettent de comprendre la permanente instabilité des systémes
phonologiques, ne sont pas seuls en cause; il reste indispensable
d’attirer longuement l'attention sur eux, puisque l’enseignement
traditionnel n’en faisait pas mention. Mais ceux-la mémes qui in-
sistent pour qu’on leur accorde I’attention qu’ils méritent seraient
les premiers & protester si I'on devait négliger les facteurs qui, de
Pextérieur, peuvent contribuer & déséquilibrer le systéme phono-
logique, qu’il s’agisse de I'influence de systémes concurrents ou des
répercussions de I’évolution des besoins communicatifs de la commu-
nauté, eux-mémes sous la dépendance directe de P’évolution de la
société. Il n’entre pas dans le cadre du présent examen de préciser
comment I'évolution de la société influence la premiére articulation
du langage, c’est-a-dire la fagon dont les locuteurs analysent leur
expérience en unités significatives successives. Cette influence, évi-
dente en matiére de lexique, n’est pas niable en ce qui concerne les
traits grammaticaux, neserait-ce que parce que unités grammaticales
et unités lexicales se complétent pour couvrir une méme domaine, et
que la grammaticalisation d’un domaine sémantique, comme le
temps, a nécessairement des répercussions sur la fréquence et I'in-
ventaire des unités lexicales du méme domaine. Clest essentielle-
ment par le chenal de traits prosodiques comme Iaccent et de faits
d’expressivité que I’évolution des besoins communicatifs se répercute
Jusque dans le systéme phonologique. 11 convient, en la matiére, de
se défaire du préjugé qui voyait, dans P'accent, une cause premiére,
un phénomeéne inexplicable, éclatant comme Porage dans un ciel
d’été. Sans doute y a-t-il des cas ot1 un certain type accentuel a dd
étre emprunté a une autre langue et ot Pinfluence du modéle a été
assez forte pour s’imposer aux dépens de la langue imitatrice. Mais,
dans chaque cas, on retiendra, tout d’abord, ’hypothése que c’est
Iévolution méme de la langue et des besoins de la communauté qui
la parle qui a entrainé une réorganisation du systéme accentuel. On
dira, de fagon un peu sommaire, mais assez Juste, que la syllabe qui
a regu Paccent est celle qu’il convenait, pour le succes de la commu-
nication, de mettre en valeur.

Il n’est pas indispensable de rappeler ici les changements pho-

nétiques qui peuvent coincider avec une réorganisation du systéme

accentuel. Mais on attirera I’attention sur Pinfluence des procédés

expressifs, comme I’allongement ou 1a gémination. Ces procédés,
véritables modes, dont P'apparition dans telle ou te

! lle langue est
favorisée par la structure méme dy syst¢éme phonolo

gique, peuvent
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prendre une extension considérable. Si leurs effets se fixent, c’est-a-
dire en viennent & caractériser de fagon permanente certains ¢lé-
ments du vocabulaire, ils aboutissent 3 déséquilibrer le systéme en
bouleversant la fréquence respective des unités distinctives. Les
effets de tels bouleversements peuvent se répercuter & travers des
millénaires.

La formation philologique qui reste celle de beaucoup de lin-
guistes prépare mal A concevoir le fonctionnement de la causalité
interne des syst¢émes phonologiques. Il faut, pour le comprendre,
observer les échanges linguistiques tels qu’ils ont lieu en fait autour
de nous, et, partant de 13, essayer de s'imaginer la facon dont les
locuteurs d’une époque révolue ont résolu les problémes que posait
alors la compréhension mutuelle. Soit un déplacement en chaine,
celui par exemple que P'on constate dans ’ancien roman de Pouest
et qui ameéne /~d-/ & [-8-/, [-t-] & [~-d~/, |-tt-] & [-t-|. L’obser-
vation semble indiquer que I’affaiblissement, par spirantisation ou
voisement des intervocaliques, ne se produit que 13 ou existent des
géminées de fréquence comparable aux simples. L’information
fournie par les unes est donc analogue & celle qui est fournie par les
autres, et 'on peut s’attendre 4 ce que les locuteurs tendent 2 affai-
blir Particulation des géminées jusqu’au moment ot le rapport de
Pénergie dépensée a Pinformation fournie sera analogue 2 celui qui
existe dans le cas des simples. Tout ceci semblerait indiquer que ce
sont les géminées qui ont amorcé le processus en s’affaiblissant, ce
qui a déterminé, de proche en proche, le voisement de la simple
sourde et la spirantisation de la sonore. Certains objectent que les
g¢éminées ne peuvent avoir été les premiéres a se déplacer, puisque
Pon constate, par ’examen des documents, que la simplification des
géminées est ultérieure au voisement et a la spirantisation des sim-
ples. Mais c’est oublier que la préservation des distinctions réclame
que les géminées ne soient définitivement simplifiées que lorsque les
[-t-/ seront parfaitement voisés chez tous les locuteurs et en toute
circonstance, ce qui implique qu’au préalable tous les /-d—/ se seront
dament spirantisés. Il suffit qu’une classe de la société ou que quel-
ques cantons manifestent un attachement a la tradition pour que le
processus soit freiné, voire méme stoppé. Il ne faudrait pas qu’a la
phonétique «sur le papier» d’une époque révolue succédat une
phonologie qui ignore les situations sociolinguistiques réelles..La
gorgia toscane!? désigne P’affaiblissement en spirantes des occlusives
et des affriquées intervocaliques d’ou il résulte que la casa se pro-
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nonce [laxasa] et la cena [la fena]. Lorsque son histoire aura été par-
faitement restituée, la gorgia sera l'illustration parfaite d’une muta-
tion déterminée, au départ, par une tendance des géminées a s’affai-
blir et qui a abouti a spirantiser (et non a «aspirer» comme on
s’obstine & I’écrire) la consonne simple correspondante la ou elle est
en opposition avec la géminée. Cependant, continuellement battue
en bréche par linfluence de la graphie et celle des usages romains,
elle n’a jamais pu aboutir & la simplification des géminées, puisqu’il
y avait toujours des locuteurs pour qui /-k—/ intervocalique restait
[k] et qui auraient mal interprété un /~kk—/ trop affaibli. Puisque le
[-k—/ simple pouvait se réaliser aussi bien comme [k] que comme
[x], la géminée correspondante devait conserver une articulation
prolongée. Il est, bien entendu, de moins en moins question de sim-
plifier la géminée puisque la prononciation [x] pour /-k—/ est en
sérieuse régression.

Quelle que soit 'évolution phonétique qu’on étudie, que 'on
soupgonne au départ I’action d’une autre langue, I'imitation d’un
processus, le remplacement mot par mot d’une articulation par une
autre jusqu’a élimination compléte de la premiére, la pression des
besoins lexicaux ou grammaticaux, une modification quelconque de
la fréquence de certaines catégories phonologiques, on ne saurait
oublier que tout se tient dans une langue et qu’aucun changement
ne s’y produit dans le vide. Les hypothéses qu’il faudra s’efforcer de
vérifier dans chaque cas devront toujours se fonder, non sur
d’autres hypothéses, méme si ces derniéres ont pour elles le support
d’une longue tradition, mais sur une observation attentive du com-
portement linguistique des étres humains.

Adresse de ’auteur: M. André Martinet, 3, Place de la Gare, Sceaux, Seine (France).

Discussion

Pilch (Freiburg): In aller Bescheidenheit méchte ich mir zwei kritische Bemer-
kungen erlauben zu Fragen, die m. E. innerhalb von Martinets Theorie weiterer Aus-
arbeitung bediirfen:

1. Die Termini équidistance, angle maxillaire u. dgl. sind offenbar artikulatorische
bzw. akustische Metaphern fir auditive Realititen im Sinne der «imitation label
technique». Nur so kann es etwa zu verstehen sein, daB3 mehr Platz fiir vordere als fiir
hintere Vokale vorhanden sei. An der tatsichlichen Artikulation ist der gesamte
Artikulationskanal beteiligt, nicht nur die Vorderzunge.

13 Dans son exposé du probléme, Weinrich, H.: Phonologische Studien zur romani-
schen Sprachgeschichte, 105-174 (Minster 1958), a malheureusement pris au sérieux le
terme traditionnel d’«aspiration» et s’est laissé induire en erreur par une conception
simpliste des mutations phonologiques.
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2. Schwache funktionelle Belastung als solche halte ich — selbst bei fehlender
Integration — nicht fiir eine ausreichende Erklidrung fiir die Aufgabe einer Opposition
(Zusammenfall zweier Phoneme). Nur wenige Oppositionen sind funktionell hoch
belastet (gerechnet nach der Zahl der Minimalpaare). Die hohe Belastung anlautender
englischer [p/ und /b/ halte ich fir eine Seltenheit. Dtsch. /p/ und /bf sind nur gering
belastet, ebenso die distinktive Konsonantenlinge des Finnischen. Sprecher, die diese
Unterschiede nicht beachten, kénnen (unter giinstigen Verstindigungsbedingungen —
Fehlen von Nebengeriusch) durchaus noch verstanden werden. Gewi kénnten nicht
etwa alle Phoneme zu einem einzigen zusammenfallen. Einige tatsichlich vorhandene
Oppositionen kdnnten es aber durchaus, ohne wesentliche Verstindigungsschwierig-
keiten zu verursachen. Vielleicht wire dem Problem mit informationstheoretischen
Methoden beizukommen.

Kiparsky (Helsinki): Question: I'opposition (e:) : (g:) en frangais moderne est-elle
en train de disparaitre vu qu’on ne distingue plus entre serai et serais et méme (d’aprés
Lewi-Strauss, 2 Bloomington, Ind. au 1952) on confond é# et étais, épée et épais?

A M. Pilch:
Die Opposition [k/: [k k/ und dhnlich ist im Finnischen nach wie vor sehr
wichtig.

Vachek (Praha): Mr. Martinet’s synthetic presentation of the problems of historical
phonology must be duly appreciated, especially by members of the Prague group who
have followed analogous trends of argument since the late twenties of this century.
It might be questioned, however, whether economy, though undoubtedly important, is
really the prime motive of the development of the phonic and grammatical patterns of
language. A large number of language facts are demonstrably non-economic (see, e.g.,
gender phenomena in the nouns denoting inanimate beings in Slavic languages), but
rather redundant. This redundancy is, of course, motivated by the function of language
to serve as means of communication even in unfavourable circumstances. It appears
that non-economic factors are allowed full play in the development of language if they
do not jeopardize the communicative functioning of language. If such jeopardization
should occur, the factor of economy is most likely to intervene. In other words, economy
does not seem to act as an initiative but rather as a controlling factor of language
development.

Fourquet (Paris): Economie deckt zwei Begriffe. «Wirtschaftlichkeit» und «Er-
sparnis». Die Zweideutigkeit des franzosischen Ausdrucks ist zu bedauern.

Réponse Martinet & Pilch: Les hypothéses fonctionnelles que sont en fait la diffé-
renciation maxima et I’équidistance des phonémes gagneront & étre vérifies par des
examens établissant sur quels plans elles se réalisent effectivement. L’asymétrie des
organes que suggére ’observation des articulations se vérifie dans des examens acous-
tiques un peu poussés (cf. le diagramme dans «Acoustic Phonetics» de Martin Foos).

Les arguments fixés du rendement fonctionnel valent surtout en ce qui concerne
Pélimination des oppositions. Il y a des examples classiques d’opposition de trés faible
rendement qui se maintiennent parce que bien «intégrées» dans le systéme.

Le faible rendement des oppositions d’occlusives en allemand et leur haut rende-
ment en anglais expliquent la fréquence des confusions des deux séries d’occlusives dans
les usages allemand et le strict maintien de leur distinction en anglais.

A Kiparski: Lévi-Strauss se presse un peu trop de sonner le glas de I'opposition é/¢
en frangais: elle est bien vivante dans les usages parisiens et, en général, dans la France
non méridionale. Dans le Midi, elle ne s’est jamais imposée. La distribution des deux
phonémes (I ou ils sont distincts, c’est-a-dire A la finale absolue) peut varier, certes,
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d’une région 2 une autre de la France non méridionale, d’un usage 4 un autre, mais épée
et épais restent, au Midi prés, universellement distincts. L’absence de distinction assez
générale entre j'irai et j’irais, je prendrai et je prendrais, etc., est un cas particulier.

A Vachek: Ce que I'on range sous la rubrique «Economie linguistique» dépend
naturellement de la conception qu’on se fait de cette économie. Définie, selon moi,
comme P’équilibre entre P'inertie et les besoins changeants de la communication, elle
n’exclut absolument pas la redondance qu’on sait étre indispensable au bon fonctionne-
ment du langage et A Papprentissage du langage par I’enfant. On comprend pourquoi
on insiste surtout sur les usages prosaiques du langage lorsqu’on traite de I’économie,
mais les problémes de la communication littéraire et poétique qui sont un peu spéciaux
n’en figurent pas moins dans un traitement général de 1’économie linguistique. Les
situations bilingues entrent trés naturellement dans le méme cadre.

Hammarstrom (Uppsala): 11 est sans doute opportun de souligner que ’hypothése
de l'importance du rendement fonctionnel fait partie d’'un complexe d’hypothéses (et
M. Martinet est le premier 2 le savoir) et qu'un changement déterminé peut se produire

méme si le rendement d’une opposition est élevé. Ainsi 3 Stockholm la différence
[e:] — |e:] disparait,
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On the Grammar of Intonation

By KennETH L. PIKE

Since the publication of my first structural studies of English
intonation? various theoretical principles have developed in con-
nection with my work with grammatical and phonological data.
This paper suggests how these principles might illuminate, in
retrospect, some of the empirical problems reported earlier. The
over-all approach embodying these concepts I shall call tagmemic?

theory.
1. Particle, Wave, and Field

Perhaps the assumption most crucial to the tagmemic approach
is that language structure — and all of life’s behavior - is far too
complex to be seen completely through any one simple model.
Three perspectives must be utilized. The same data at different
moments are best seen as particle, and as wave, and as field.

Nor is one perspective independent of another. The insights
gained are neither separable from each other, nor simply additive.
When one approach comes into focus, the other two must necessarily
comprise its background. No logical progression can lead from
one - isolated — to the others. They complementarily reside
simultaneously in permanent relation. If one is taken as starting
point, the others are somewhere, in some sense, present as undefined
terms or as unstated assumptions.

1 See Lit. 7, Vol. 1: Pronunciation; revised and incorporated in my Intonation of
American English (Ann Arbor, 1945). Page references in this paper refer to the latter

volume, unless otherwise specified.
3 Named after one of the units of the theory, the tagmeme, for which see my

Language in Relation to a Unified Theory of the Structure of Human Behavior (see Lit. 9).
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1.1 Intonation as Particle

The particle perspective leads one to perceive intonation
segments as if they were static bits. Through it one finds phonemes
of intonation — if his assumptions leave room for any phonemes at
all. From this implicit perspective come our four levels of con-
trastive pitch (§ 2.1), which we shall here symbolize as E(xtra-high),
H(igh), M(id), L(ow)3.

The particle perspective yields lexical and grammatical
segments, as well as phonemes. Symbolization of a primary contour
such as °M-H represents a lexical particle, a morpheme. Its formal
character comprises pitch movement from mid to high over the
marked segment, beginning with the primary stress represented by
the degree sign. Its semantic components include ‘incompleteness’
and ‘sequence’.

The re-casting of the intonation morphemes into classes of
forms filling specific grammatical roles — the presentation of
grammatical tagmemes each with its relevant functional slot and
appropriate class of fillers in an intonation construction or set of
constructions — constitutes one priority task for grammatical
analysis. The “stem” tagmeme in intonational “words” (cf.§3) may
be one such tagmeme, one particle in intonation grammar.

1.2. Intonation as Wave

The wave perspective leads us to see units of intonation as
dynamic, flowing morphemic contours, or as relevant phonemic
points in such contours. Peaks of the waves comprise nuclei* of the
contours; ends of waves, or troughs between them, comprise
margins of the contour units. In L-oH-L-M, for example, the
nucleus is marked by the degree sign before the stressed syllable
(27-28); premarginal and postmarginal components occur at L-
and -M. Change points ~ the intonation phonemes — occur at L-,
°H-, -L-, and -Mj; a sequence of a dozen syllables might still have
only these change points, with pitches of the other syllables fitting
into the curve with indeterminate levels.

# To correspond to our numbers 1, 2, 3, 4 - high to low - of 1945. We avoid the
numbers here to lessen confusion with the works of authors who represent these levels
by the symbols 4, 3, 2, 1. A glide or step from one phonemic level to another is shown
as a combination of symbols, such as M-L for mid to low.

¢ See Lit. 10.
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Merging of two contours leads to a syllable in double function
which occur as the end margin of first and beginning margin of
second contour. Note the indeterminacy — the double function — of
-M- in M-°H-M-oH-L, for The ’book of ’stories (37, 67) from slow
M-°H-M M-oH-L (where an intonation break between -M and
M- makes the juncture determinate).

1.3. Intonation as Field

A field perspective leads us to look for dimensions?® of contrast
in networks made by the intersecting of categories of form and of
categories of meaning; for system resulting from intersecting
hierarchies® of lexicon, phonology, and grammar; for style output
resulting from intersecting dynamic and intonational factors; for
the intersection of voice quality? with the emic structures of
segmental and suprasegmental characteristics. Such a task cannot
be attempted in a short paper, but one suggestion may be given for
each of these kinds of data.

Intersecting dimensions: Matrix 1 is constructed of primary
contours from a subset of primary contours which have no internal
change point. Their contrastive beginning points comprise vectors
of one dimension and their contrastive end points the other.
Interesting semantic relations® show up as shared meanings of
blocks of cells in the matrix. The diagonal matric elements are all
level contours. These often have meanings of ‘unification’ and
‘implication’ (61, 64). All lower diagonal elements are rising
contours, with a class meaning of ‘incompleteness’ (51-60). Upper
diagonal elements — all falling — carry the class meaning of ‘atten-
tion’. The upper row and lefthand column, with E, carry ‘intensity’
(47) or ‘surprise’ (49) as class meaning — but this may be weakened
or idiomatically specialized in °H-E and °M-E to ‘politeness’ (51,
59). The lower row (with initial L) has class meaning of ‘deli-
berateness’ (54-55) possibly with weakening on the °L-L (cf. 62-63).

Intersecting hierarchies: The place where the nuclear, stressed
syllable of a primary contour may fall is in general determined not

8 See Lit. 11.

¢ See Lit. 9, Vol. 3, and Lit. 12.

? See (99-103), and Lit. 9, Vol. 3, §§ 13.4, 13.81.

8 The semantic components are drawn from the 1945 volume since we are interested
in studying the old data in the light of the newer outlook. If this task can be finished,
new and profitable research tasks should then appear.
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OE_

OH_

OM_

OL.-

Matrix 1. Primary contours. Internal blocks represent semantic groups, for which see
text,

by the system of pitch contrasts but by the element of the lexical
hierarchy (27, 77, 84, 118). Such placement of stress may be
changed only by intersection with a further superimposed dimension
of contrastive placement of stress (84, 124) (as in I said ’divert
not ’revert, rather than normal re’vert, and di’vert). Breaks between
intonation contours often reinforce breaks between grammatical
constructions rather than interrupting them, illustrating inter-
section of intonation with the segmental grammatical hierarchy.
Reinforcement occurs in such an instance as:

The manager sold him the book
M-°H -M °H- -M M- °H-L

in which each phrase included in the clause begins and ends with
an intonation contour. Clash between grammar phrasing and
intonation is exploited when the last syllable of a line of a poem is
lengthened when the line is without grammatical relevance (11);
or when the expected pause or juncture between sentences is
delayed until after the first word of the second, to prevent an inter-
locutor from ‘getting a word in edgewise’; or when a juncture
occurs after a preposition or determiner but before its accompanying
noun, so that attention falls most strongly on the noun (as in some
advertising announcements).

Intersecting dynamics: We have already mentioned (§ 1.2)
that two contours can fuse, sharing a syllable. Here we add that
a speed change forcing such smearing can itself be viewed as an
intersecting dynamic factor. When such fusion is in analytical focus,
a wave perspective becomes dominant in relation to the mani-
festation of the units in sequence.
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When a style with syllable timing (35, 71, 109) leads to
syllables of approximately even length, it contrasts with a more
normal American English style with stress-group timing (35, 109)
in which primary contours (with or without precontours) are of
approximately even length (unless a double nucleus is present in
the contour). Style dynamics intersect with normal intonational
structure.

To some extent special emphasis (85-86) can be viewed as a
style change. Greater differences, however, are brought in where
formal or deliberate or casual attitudes are reflected in assignment
of primary contours or their internal manifestation. When two
sentences are deliberately pronounced so as to be simultaneously
present in a single homophonous utterance, puns may develop
which require specific intonations for the coexistent actualizations
(45-46).

Voice quality differences — harshness, and so on (99-104) — add
further intersecting dimensions to the total field perspective of
speech.

2. Unit

Closely related to the assumption about particle, wave, and
field is one about the nature of units. Any unit — whether an event,
a thing, or a concept — is assumed to be well-known if and only if
the analyst knows® 1. its contrastive-identificational features,
2. its range of variability with concomitant physical manifesting
components, and 3. its distribution (a) as a member of class,
(b) in slots of an appropriate set of environments, (c) with relation
to a network of intersecting vectors of an emic system (i.e., an emic
matrix).

2.1. Contrast

A unit itself as thus defined becomes a particle perceived (or
a construct conceptualized) by an observer. An observer component
implies coordinates specified from within the system for an emic
view, but from outside the system for an etic view. No “thing-in-
itself”, studied apart from an observer relationship, is treated by
the theory.

It is an observer relationship that requires that a unit be

® For application of the criteria to constructions, see Dimensions... (Lit. 11).
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contrastiv‘e. A unit is not perceived for what it is, until it is perceived
for w.hat it is not. This theory allows a component to be used as
%dentlﬁcational in contexts where the contrast does not occur, after
it l}as bee.n established as emic through use of contrastive cox;texts
This specification of the theory allows the equating of units from.
one context to some others even when contrast js neutralized.

Fo.ur contrastive levels of intonation were postulated in my
ar}al}/sxs. Fewer would not leave room for the difference of function
within any one general height of speech, and within one style
More levells added no new contrasts within such a style (l};ut
general voice height could change a style as a whole — 76-77 . with
all levt.els changing with it to higher, lower, spread, and so on.)

, ~Timary contours are seen as units of a different — lexical —
‘hlerarchy of the intonation system, These contrast with each other
in form (e.g., °H-L versus °M-H) and in meaning (normal atten-
tion, 44, versus incomplete sequence, 51). Tagmemes of intonati
contrast.m their structural role (primary contour tagmeme as i(ljln
stem of intonation “word”, versus precontour as intonation “ i
fix”; see §§ 1.1, 2.3). wHon pre

Since the contrastive levels as

2.2 Variability

pers‘gz(s;i :es a(;o;;rztl.st;ve im}}lnact is in part closely integratéd with
rtcle, so the range of variability of it i

P : . y of a unit is closel

thgfrabte(gi with a wave perspective. Units which merge or fuse a)t’

7 orders must be identified, with the help of an observer

sical activity against an emic back-

e becomes the nucleus: s i

' . ‘ egmentation
may be indeterminate or arbitrary — see above, § i 2 g'and fn. 4
Since the merging into varied envi i ‘

delayed decay of contrastive move

ronments (via anticipation or
ments in sequence) leads to a
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difference in manifestation for the unit in each of its environments,
range of variability is correlated with the wave character of units.

The theory requires a physical component for each unit.
Neurological activity may serve as the physical component of
concepts.

Yet the overlapping of phoneme wave units (from the per-
spective of segmented particles) may lead either to a redundancy
of contrastive features or to alternate analyses of the essential
contrasts. Alternate analyses of phoneme segmentation may arise
when a total unit-as-wave, including its anticipatory and decay
components, is analyzed as unit-as-mere-physical-segment. In this
instance, one or more anticipatory components of a first wave which
are simultaneous with the peak of a second wave are treated as
contrastive components of the first rather than being abstracted
and treated as part of the second. In such analysis the underlying
assumptions may include a particle view which is much too crude,
with too-sharp physical, linear segmentation without adequate
wave and field components in relation to observer. An adequate
view must treat a particle as itself an emic abstraction, allowing
for etic smear and overlap via wave form: under some conditions,
transition characteristics of a vocoid segment must be attributed
to the following contoid which it in part anticipates.

Assumptions concerning the nature of definition must be
revised in order to leave room, within a well-defined unit, for range
of variability, wave overlap, redundancy, and indeterminacy of
borders or of class membership. Specification of a unit, by this
theory, requires statement of variability of a unit. The theory parts
company with any treatment of definition which is satisfied when-
ever the definition includes just enough data to specify membership
within a class and differentiation of the members of the class. These
latter elements are important but insufficient for specifying enough
characteristics of units to allow a member of the community to act
adequately within the roles of that community. Adequate theory
must lead to possibility of adequate “‘accentless” action. It must
be generative of adequate bits — e.g., sounds and sentences — and
the much larger behavior elements within which these take their
appropriate place.

Specification of the variability of units is highly relevant to
intonation studies. Wave characteristics of a contour such as °H-L,
coupled with its application to elements ranging from one to
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several syllables in length, result in variant manifestations both of
contour and of its included intonation phonemes. A one-syllable
phrase manifests the contour as a down glide (24), a two-syllable
phrase, as a down step (24). A multiple-syllable phrase appears
either as a slow series of descending steps or as a series which varies
from somewhat delayed — or somewhat earlier — drop (74), and so
on (with indeterminacy as to the point where early drop or rise
becomes contrastive).

Sound-wave frequency comprises the physical component of
intonation. Relevancy, however, involves relativity to the observer
(with speaker being a special instance of observer). General height
of pitch (76-77) and spread of interval (76) differ according to
general style or personal characteristics of the speaker, and affect the
height manifestation of the intonation phonemes. These kinds of
differences, also, enter the specification of the range of variation of
an intonation unit.

2.3. Distribution

The distributional component of a well-defined unit is closely
correlated with the notion of a perspective of language as field, or
system. The system in which units are embedded may be considered
both in a static subperspective, or in a dynamic one.

As elements of a static field the units might conceivably be
defined in terms of forces of repulsion and of attraction. Emic
contrast — opposition — involves psychological, observer forces which
keep units apart. Negative definition?? places units as points in such
a field of forces.

Positive forces of psychological attraction would, on the
contrary, draw etic elements into a single emic unit!! as allo-units.

10 See Eugene A. Nida's penetrating concept of the tokens of one morpheme as
sharing a ‘common semantic distinctiveness’ from other morphemes (see Lit. 6).
Compare Leonard Bloomfield’s earlier negative definition, with contrastive morphemes
bearing ‘no partial phonetic-semantic resemblance’ (Lit. 1).

1t Which leads to Nida’s earlier (p. 6) ~ and conceptually easier — use of a more
traditional rule-of-thumb for morphemes as ‘minimal meaningful units’, Compare
Bloomfield’s ‘smallest meaningful [lexical] unit’ (p. 264).

Perhaps the ““positive’” definition seems the simpler if one wishes purely a particle
perspective. The essential nature of the negative definition becomes easier to grasp from
the perspective of field. Both negative and positive are, however, necessary for well-
defined particles, and both are necessary before field can be fully treated. Positive and

negative perspectives become complementary in description, as do particle, wave, and
field.
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The allo-unit variants would be distortions of the emic units under
diverse conditions of the field. The requisite conditions, in turn,
would include specific orderings of the units in various sequences,
where they affect one another.

Patterns of attraction may be represented as lists of emes
accompanied by their respective allos. Patterns of repulsion show
up as static charts in which contrastive vectors of dimensions
represent a structural network.

A dynamic perspective of a unit’s distribution leads to a treat-
ment of units moving through a field. This concept is seen most
easily in reference to the special case of a sequence of tones relevant
to each syllable of a tone language. Let us suppose that there are
four phonemic levels of tone. One tone occurs on each syllable.
Each syllable may be viewed as a “fence” across the tone “field”
which an utterance must pass through by way of one of the four
“gates” (one of the four tones) which occur at possible choice
sites — at any one syllable place — unless in some particular fence
there are fewer, where contrast is “‘neutralized”. The pitch melody
picks its way through these gates?2

English intonation units have distributional relations which can
be viewed both statically and dynamically. Statically viewed,
intonation contours are members of classes of contours. The primary
contours comprise a class contrasting with precontours (29-30) and
with composite units named as total contours (30). In a static view,
also, one sees the units as appropriately filling slots in intonation
constructions — as a total contour may be a construction made up
of a precontour plus primary contour (e.g., M- plus °H-M for
If’s a ’table). The static view of distribution includes, furthermore,
the place that a contour fills in an intonation matrix (see § 1.3).

Dynamically, on the other hand, the English intonation
melody, like tone, may be treated as moving through a contrastive
field of four alternative levels. At the same time, however, it moves
through a set of grammatical and lexical intonational forces. The
interlocking of segmental grammar with contrastive pitch, in which
interpretation of segmental grammar-constituents or junctures is

12 See figure 3 in my Operational Phonemics in Relation to Linguistic Relativity
(Lit. 13). See, also, figure 5 for simultaneous multiple pathways through a complex of
subsystems.

A related approach to this kind of problem is seen in E. Colin Cherry, Roman Facob-
son’s ‘Distinctive Features’ as the Normal Co-ordinates of a Language (Lit. 3, pp. 60-64).

10 Phonetica, Kongre



114 Pike, On the Grammar of Intonation

affected by intonation constituents or junctures, points in this
direction?®. Similarly, the intonation system interlocks with the
stress system in that primary contours of the intonation system begin
with a stressed syllable. A stressed syllable is shared* by a unit of
the rhythmic system, as a nuclear point of such a unit.

3. Levels of Intonational Grammar

The interlocking of intonation structure with the segmental
grammar, however, should not be allowed to obscure the fact that
the intonation system has concursively a grammar of its own. Intonation
grammar involves its levels of construction, with tagmemic com-
ponents in the sequence.

Morphemes (cf. 177, concerning Harris) of intonation, which
comprise the classes of forms which fill the tagmemic slots, have
contrastive forms and contrastive meanings. The formal component
of an intonation morpheme is its phoneme sequence — the intonation
of contrastive levels at key points in a contour. The semantic com-
ponent of the intonation morphemes and of morpheme classes
derive from the intersection of contrastive meanings of the semantic
field (§ 1.3).

A primary contour such as °H-L typifies the “stem” of an
intonation word; the precontour M-, an intonation “prefix”;
the total contour M-°H-L, the “word”. The stems are free, not
requiring a prefix; the intonation prefixes are bound, occurring only
with an intonation stem (or in a hesitation form, 32-33, 40).
Intonation “suffixes” occur as resumed contours (72, 39, 41) which
echo the end of a primary contour, without an additional primary
stress, and without added semantic components; note in the house in
The class studies in the house (but...). Postcontours are, similarly,
M- °H--L-M L- L-M

suffixes occurring after a slight pause (cf. 65, 74, 40).
Do it your way then, he said.
M- cH- -L/ -L

Compound intonation words occur when two (or more) primary
stresses occur in a single rhythm unit with no intervening junctural
drawl or junctural decrescendo:

13 T have further illustrated this phase of the intonational problem in The Hier-
archical... (Lit. 12).
14 See reference to article in fn. 6.
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a’big ’table; a’big ’black *bug
M-oH °cH-L. M-°H °cH °H-L

(61-62, 78, 39). Within the style and dialect recorded here (normal
to me) the first stressed syllable, in my continuing perception of it,
is level in pitch and stress with the next syllable. Many American
scholars, however, fail to hear any such level stresses, interpreting
them all as sequences of secondary-primary, or primary-secondary;
when they repeat these sequences aloud to me, they fail to satisfy
me, as native speaker, but make one or the other too loud and high.
(I also have a few such compounds in my speech on single segmental
morphemes such as ’sar’dine, or *um’brella or in ’fif’teen *men, 77, 62.)
For compound pronunciation, the first stressed syllable must be
pronounced short; when drawled it breaks the expression into two
contours (and other scholars then are more likely to hear the two
stresses as level, with juncture between). In relation to the dynamics
of rhythm units, the level stresses are treated as a double nucleus?s,

Levels higher than that of the intonation word are still obscure.
It is tempting to try to relate them to pause groups. This often fails,
however, since a pause may come even within an intonation word
(e.g., before an intonation suffix; 33, 4041, 74-76). Presumably,
therefore, intonation phrases, intonation clauses, intonation sen-
tences, and intonation utterance-response and discourse levels (if
some or all of these emerge in analysis) must turn up as some kind
of functional interrelation of intonation words in sequence.
Miscellaneous instances abound, but their over-all pattern is not
yet clear.

Note, for example, the unity of the taunting chant (35, 71)

Suste is a tattle tale;
oH--H oM--E ©¢H--H °M--M

or of a descending stress series with more than four levels (70) —
perhaps to be treated as an idiom, since it does not otherwise seem
to fit the system; or the singsong °M-H °M-L (72); or the double
rise (73-75); recurrent level contours in threat (cf. 87) or in
repeated fall-rise contours (cf. 87); of alternative proposals in
sequence (47); of higher unities in mathematical oral bracketing
(62).

When the sequence arrangements of these contours and others

15 See fn. 4.
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have been more fully understood, it should be possible to describe
the tagmemes (with their manifesting classes of contours) and the
larger constructions into which they fit.

In sum, I suggest that it is time for intonational structure to be
restudied in view of newly-available theoretical perspectives. These
should lead to discoveries and descriptions substantially beyond our
earlier structural insights.

In addition to conceptual tools through complementarity of
particle-wave-field and of unit as well-known through contrast-
variation-distribution, search needs to be made to see how these
approaches could profit from recent empirical work of scholars such
as R. Kingdon® or W. Jassem'”. The transformationalist1® approach,
furthermore, might help to illuminate some of our former problems
concerning the relation of intonation to potential and partially
suppressed stressed (11, 87, 1892%), and the relation of intonation
to length (96-98) or juncture (30-33, 37, 40-41) or to stress in
lexical and grammatical forms (78-88, 188118),

The largest gap in theory, so far as I can see it now, is the need

16 See Lit. 5. Kingdon by his symbolism more effectively keeps a close tie between
stress placement and the nucleus of a primary intonation contour than do writers such
as George L. Trager and Henry Lee Smith (Lit. 15). Kingdon also (68-99) discusses numerous
instances of *‘tune combinations” which should be studied for suggestions as to structural
groupings which could be used to illustrate intonational clauses or other levels than that
of intonation word.

1?7 See Lit. 4. Jassem (40, 45) has some criticism of my handling of rhythm units
which would in part be met by a handling of intonation in hierarchical levels as we
have suggested here. His compound tonal units (54) give suggestions which would
contribute toward a level higher than intonation word, but his treatment does not go
further; his texts, marked for intonation (63-82) are not analyzed for possibilities of
still higher structural groupings. His nuclear tunes (57-58, 60) are closer to the model
of Palmer’s work than to my primary contours. He also treats (46-47) free and condition-
ed variation.

The work of Dwight L. Bolinger is less useful here, since his assumptions about the
nature of intonational structure are further removed from ours, but his comments
about pitch and stress (e.g., in A Theory of Pitch Accent in English, Lit. 2) cannot be
ignored in further work.

18 For an initial attempt to add an intonational component to generative and
transformational formulas see Robert P. Stockwell (Lit. 14). Unfortunately, for our
purposes, he has an a priori assumption that ties intonation breaks somewhat too
closely to grammatical ones: ‘the validity of transformations which do not thus neatly
predict intonational breaks may be seriously questioned’ (365). This fails to leave
sufficient freedom for an adequate concursive intonational grammar in which intona-
tionally well-placed junctures sometimes occur at segmentally awkward spots; and
interrogatives occur with a large variety of contours (not exclusively a rise, only, for
yes — no questions — see Stockwell 366, versus my extensive data in 1, 53-54, 163-168,
17649),
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for adequate explanation of the reason why several native observers
reach quite rapidly a high degree of consistent agreement on the
contrastive phonetic content of a segmental sequence (even though
their phonemic interpretation of these data may differ) but find it
much more difficult to agree on or be consistent in hearing the
contrastive intonational data. Even in hearing the contrastive
pitches of a tone language several foreign observers — once agreed
on an analysis — may reach greater agreement than on the details
of their own intonation. Presumably some theoretical insight or
technology should provide a model or method which one day will
allow intonation agreement as well.
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Discussion

Herdan (Bristol): I shall not discuss Mr. Pike’s conception of the grammar of
intonation, but I should like to say something about the three basic concepts he mention-
ed: particle, wave and field, because this will enable me to show how structuralism and
mathematical linguistics are connected. In order to show how these are connected with
the three levels of language, 1 shall show a diagram from a recent paper by Longacre
which very aptly sums up the ideas and aims of structuralism. He calls it the 9-box
schema.
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Particle String Field
Phonology 1 2 3
Grammar 4 5 6
Lexicon 7 8 9

When I looked at this, I realized that the structuralists call particle, string and
field what the mathematicians call point, line, and relation between point and line in
the plane respectively I believe that it is generally accepted among linguists that the
combinatorial method which has been so fully applied on the phonemic level, does not
work equally well on the other two. What is here meant by the combinatorial method
is that morphemes can be conceived as random combinations of the basic phonemes as
units, at least in first approximation, which must be supplemented by what we know
about certain preferences between phonemes, that is, by digram, trigram, etc. analysis.
But as I said, when structuralists tried to extend this to the combination of words, they
were so far not very successful. In doing so they naturally tried to apply the com-
binatorics which had proved helpful on the first level. Now this is where they went
wrong. The branch of combinatorics which is suitable for 26 alphabetic units of 40
phonemes, is not the right one for using with a vocabulary of perhaps 50,000 vocabulary
iterns, as we have for English for example. Even as a first approximation, it would here
be wrong to assume complete randomness of combinations, since words are not used
randomly, but selected according to meaning, and this must here be taken into account
right from the start. Such methods are available now, and I should like to demonstrate
their usefulness for the linguist, but the time for my intervention is not enough for that.
The same applies on the grammar level. There too, the branch of combinatorics must
be exactly tailored, so to speak, to the peculiarity of the situation. Such a branch is
also available.

I am quite aware of the possibility that some linguists will say that all this was
perhaps not really useful to the linguist. It might interest the mathematician to express
the relation in question in general terms as those of points and lines in a plane, but the
linguist wants to go into detail. Well, I can only assure you, not having sufficient time
for demonstration, that the new concepts are more than just new names put to old ideas.
They are productive of new methods of research, and these methods are such that they
will enable you to go into such details as you require.

In conclusion, I should like to say this. It was the non-mathematical linguist, as
structuralist, who first used the terms particle, string, field, which, in this connection,
I can show stand for what the mathematician calls point, line, and the point-line relation
in the plane. From what I said it follows that if the linguist really means what he says
when speaking about particle, wave, and field - and, clearly, if not he should stop using
these terms —, there must come the time when combinatorial mathematics can no longer
be avoided.

Buyssens (Bruxelles): Je voudrais d’abord dire 2 M. Pike que je trouve son exposé
un des plus beaux que j’aie entendu depuis longtemps. D’autre part, je voudrais faire
une remarque. J’attache une trés grande importance a la terminologie que nous utilisons
pour communiquer entre linguistes. M. Pike a employé les termes prefixes et suffixes
pour désigner autre chose que ce que 'on désigne par 1a en grammaire; je trouve cela
regrettable. Je préférais infiniment qu’il trouve des termes nouveaux pour ces notions
nouvelles.

Kiparsky (Helsinki): Has Mr. Pike succeeded in establishing general patterns of
intonation for American English only or do common patterns exist for several languages?

Fassem (Poznan): One may agree or disagree with Mr. Pike’s paralells between the
various levels of structural analyses, but there is no doubt that they are stimulating and
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instructive. In this connection I should like to ask whether we would agree that on the
level

1. of intonation there is only one hierarchic class, viz. the pitch phoneme to
correspond to two hierarchic classes on the segmental level, viz. phonemes and distinctive
feature. I suggest that while a segmental phoneme is, or may be, phonetically multi-
dimensional, and thus form a bundle of distinctive features, a pitch phoneme is uni-
dimensional because there is only one parameter to deal with, so that no need for the
establishment of distinctive features arises. Or, alternatively, could we consider intervals,
relations between pitches, quasi absolute pitch ranges, etc. as distinctive features of
pitch phonemes?

2. By applying some of B. Bloch’s postulates (see Set of Postulates, etc.) it is
possible, I believe, to establish structural pitch constrats purely distributionally. Very
roughly, different pitches and pitch configurations that are found in the same contexts
(which have all contexts in common) are free variants. Different pitches and pitch
configurations that never occur in the same contexts are contextual variants. Different
pitches and pitch configurations that have some, but not all, contexts in common, are
contractive. An attempt to apply these principles to the analysis of Polish intonation
has been made by M. Steffen-Batogowa in Poznan. The study is now ready for publication.
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From the Speech Transmission Laboratory, Royal Institute of Technology (KTH)
Stockholm

Formants and Cavities

By GunNAR FanT

1. Introduction

The scene is a phonetics laboratory. The investigator has just
turned off his Sona-Graph, taken off the paper, and attempts to read
the spectrogram. What does he see and what does he make out of it?
Obviously this depends on how well he is acquainted with the lan-
guage of Visible Speech!?:9:10 and all these details in electronics,
acoustics, physiology, linguistics, and psychology which provide the
theoretical substance of general phonetics.

In order to establish a language of Visible Speech it would be
sufficient to correlate linguistic elements with spectrographic pat-
terns. In this task one inevitably returns to questions like, what is the
origin of all these details that we have made visible and what is their
auditory significance?

What I am especially interested in is the theory of speech pro-
duction. With some knowledge of the underlying acoustics processes
the spectrogram relates a story of the articulatory and phonatory
history of the utterance. Those looking for an efficient rationale for
decoding speech messages out of the acoustic structure will find use-
ful analogies and concepts in speech production. This level of specifi-
cation, although not as easily accessible, is less obscured by details
than is the spectrographic pattern.

Speech production once the major object of classical phonetics
now enjoys a healthy renaissance and there are many sub-levels to
be considered, such as the motor command or neurological level,
the dynamics of muscular movements, and the dynamics of cavity
size variations. With those ambitions in mind my topic here today

Male speaker

Female speaker
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1s rather restricted, since I am dealing with the static aspects alone.
What are the formant-cavity relations in speech?

2. The Concept of Formant

First of all let us see what is meant by the terms formants and
cavities. A negativistic starting point would be to declare that the
whole topic is antiquated and of academic interest only since people
differ so much in their concepts of formants and experts declare that
any part of the spectrum of a sound is dependent on all parts of the
air filled interior of the vocal tract. What is a cavity and what is not
in the continuous structures involved?

The real trouble might start already when taking spectrograms
since under unfavorable conditions of high fundamental pitch the
formants will be poorly defined in a harmonic spectrum and the so-
called broad-band filter of the Sona-Graph will portray harmonics
and not formants in these instances, see Figure 1.
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Fig. 1. Broad filter (B = 300 c/s). Sona-Graphic analysis.
A. Male voice
B. Female voice
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A vowel formant of number n has the attributes of frequency
Fy in ¢/s, bandwidth B, in ¢/s?, and amplitude level 2 L, in dB. Of
these the frequency and the bandwidth is defined as the correspond-
ing quantities of the associated vocal tract resonance in mathemati-
cal language pole. A formant is not identical with any specific
harmonic and the formant frequency is therefore not identical with
the frequency of a specific harmonic. For practical purposes, dealing
with male voices, we can simply and accurately measure the formant
frequency as the center of the formant band of a wide-band spectro-
gram.

Sometimes the spectrum is obscured by two or more formants
constituting a single cluster with a single peak, and a spectrum
matching procedure is needed in order to decide how many vocal
resonances were present and their characteristics. This view may be
criticized by those preferring auditory criteria since they can claim
that a formant should be defined as an auditory unit.

A single spectrum maximum should accordingly be described
as a single stimulus. This point of view is indeed fruitful to follow in
theories of speech perception. When studying speech structure on
the acoustic level with reference to articulation, however, we need
to identify formants as separate individuals even if two resonances
incidently merge in a single peak. It is the demand for continuity of
physical parameters intended as correlates of continuous articulatory
motions and continuous perceived qualities that calls for this con-
sistency.

To a first approximation, neglecting spectrum and voice funda-
mental frequency Fo, vowel qualities may be expressed in terms of
formant frequencies alone, a specification in terms of three formants
providing a reasonable accuracy. This type of rationale 8 16is prima-
rily developed for the study of non-nasalized vowels. With nasali-
zation present it is generally possible to find out from continuity
considerations what is a formant of the true vowel system and what
is not. The frequencies of these formants, the so-called F-pattern,
may also be traced without too great trouble in liquids and in semi-
vowels and in voiced fricatives.

When dealing with nasal murmur sounds there are obvious
difficulties and a new set of formants (constituting an N-pattern) is
adopted. The established view 7:13 on the number of poles and zeros
in nasal murmur segments is fit for a revision. Recent experiments
performed by O. Fujimura* at the Speech Transmission Laboratory
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have revealed several more poles and zeros than anticipated in our
previous studies.

In stops and in fricatives the F-pattern is often identifiable at
least in vocalic boundary regions. The formant structure of the
higher part of the spectrum, e.g. the region above 4000 ¢/s in frica-
tives could of course also be described in terms of the F-pattern. In
this frequency region it is more practical to make use of larger units
in terms of prominent parts of the spectrum without reference to the
detailed peak structure. Spectrum matching techniques and syn-
thesis experiments are helpful in arriving at valid approximations.

3. Vocal Cavity Structures

The procedure for investigating cavity formant relations should
start with a study of what these cavities of the speech organs look
like. Secondly the description must be simplified in order to arrive
at a model that can be subjected to calculations. Finally certain
systematic variations in the geometry of the model should be intro-
duced in the calculations in order to find out which aspects of the
structures determine a specific pattern of formant frequencies. Out
of this general study there can be derived statements such as to what
extent a specific formant frequency under specified articulatory or
acoustic conditions will be dependent on a specific cavity or struc-
ture or any other characteristic of the compound resonator system.

What I have to say here is essentially a summary of some of the
findings reported in ref.”*. In addition, I have samples of more
recent physiological and acoustical data, especially of nasals and
quite recently gained evidence of the significance of cavity wall
vibrations as a factor determining formant frequencies.

The first step in any calculation is to estimate the cross-sectional
area perpendicular to a central place coordinate in the vocal tract,
running from the lips to the glottis. Typical examples of a tracing
from a sideview of the subject and a corresponding “‘area function”
in continuous and quantized form is shown in Figure 2. In this
example the calculations were made from an area function divided
in 21 successive parts of varying length and cross-sectional area.

The calculations performed on the X-ray material of Russian
speech analyzed in ref.” were more successful than anticipated in

* Some of the material of ref.? is reviewed in detail in ref.,
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Fig. 2. The procedure for arriving at a stepwise approximation of the vocal tract area

function from the X-ray data. Cross-section figures are made for a number of planes

perpendicular to the central line from the glottis to the lips. A continuous outline of the

area function is drawn and finally the area data within successive 0.5 cm sections are

quantized according to the requirements of either the numerical calculations or those
performed with LEA. (See ref.?.)

view of the limited insight available of the lateral dimensions, i.e.
from the right to left side of the subject.

The fact that the calculations came out very neatly does not
guarantee that the physiological interpretations were correct in all
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details although the major assumptions with respect to lateral
dimensions appear to have been valid.

One obvious difficulty was to gain any insight in the structure
of the nasal pathways. The calculations in ref.” were carried out
on a nasal area function, Figure 3, derived from anatomical data*
fitted to observable overall dimensions of the Russian subject.
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Fig. 3. Area function of complete vocal tract including nasal system (above) for the
nasal consonant [m]. After Fant, ref.”.

The representation of a nasal cavity system in terms of an area
function alone as in Figure 3 is an oversimplification and disguises
several interesting features which have acoustic relevance, as will be
discussed in section 4. The primary data from perpendicular cuts
of a casting of the nasal pathways, as determined by Bjuggren, are
shown in Figure 4. The two surfaces on each side of a cut are dis-
played with an order scale numbered in cm along a central co-
ordinate from the nostrils to the connection with the epipharynx.
The left and right passages meet at about 8 cm from the nostrils. The
symmetry is not perfect and much larger differences between the
left and the right passage occur frequently. The complicated out-
line with an upper medium and lower channel and a very large
circumference which is up to 4 times as large as that of a circular
section of the same area is typical of the central parts of the nasal
cavity system.

One way of visualizing cross-sections of the vocal tract is by
means of so-called “laminographic” or “tomographic” X-ray

* Post-mortem anatomical study performed by Dr. Gunnar Bjuggren, Sabbatsbergs
Sjukhus, Stockholm.
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Fig. 4. Cuts through a casting of nasal cavities. Numbers pertain to distance in cm from
the nostril end. Data by G. Bjuggren.

photos. Figure 5 is an ordinary sideview of a Swedish male subject
articulating the vowel [a]. Figure 6 is a frontal tomographic view
through the larynx and pharynx of the same subject articulating the
vowel [i]. Figure 7 shows tomographic cuts through the middle of
the mouth cavity of the same subject articulating [a] and [u].
Figure 8 pertains to cuts in a horizontal plane through the middl=
of the pharynx of the vowels [a], [u], and [i].

In these pictures made by the Swedish radiologist P. Edholm*
are scveral interesting facts to observe. The extreme differences in
pharynx cross-sectional area comparing [i] and [a] are not only a
matter of the distance between the back of the tongue and the
posterior pharynx wall. The narrow pharynx passage of the vowel
[a] is also accentuated by the short distance in the left-right direction.
This general trend quoted by Chiba and Kajiyama* was anticipated
in my work, ref.?.

Here I would like to insert the comment that I consider not only
the Swedish long vowel [a:] but also the short [a] to be a back

* Of Karolinska Sjukhuset, Stockholm. The tomograph equipment was designed
by Professor Lindblom.
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Fig. 5. Tomogram of male subject articulating the vowel [a]. (Photo by P. Edholm.)

Fig. 6. Frontal tomographic cut through the larynx and pharynx of the same subject as
in Fig. 5 articulating the vowel [i].
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vowel and that I find several reasons for extending this articulatory
classification to other languages since the main distinctive feature of
the vowel [a] compared with front vowels is the relative narrow
pharynx. The highest point of the tongue, being the holy reference
of classical articulatory phonetics, has no acoustic relevance in this
system and is fit for revision itself. The narrowing of the pharynx on
the other hand is a necessary requirement for making an [a].

The vertical cuts through the mouth of Figure 7 reveal the plastic
narrowing of the tongue when elevated as in the vowel [u] leaving
appreciable columns of air on both sides.

Fig. 7. Tomographic cuts through the middle of the mouth cavity of vowels [a] and [u].

The frontal view of the pharynx in Figure 6 cuts through the
larynx tube displaying the small Sinus Morgagni just above the
vocal cords and the Sinus Piriformis side pockets on both sides of the
larynx tube. These have been incorporated in some of the models
submitted to calculations in ref.?.
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[a] ful

Fig. 8. Tomographic cuts horizontally through the middle of the pharynx of [a], [u],
and [i].

Figure 9 finally shows tracings of sideviews of articulations of
Swedish vowels. Complete spectrum sections of standardized vowels
sclected in specific quanta of I, and F, are shown in Figure 10. These
two figures have been published before? but are quoted here since
they effectively correlate articulatory and acoustic data in terms of
both formant frequency patterns and typical formant amplitude
levels.

4. Vocal Tract Models

Chiba and Kajiyama* should be credited for being the first to
effectively show the transmission line structure of the vocal tract.

12 Phonetica, Kongrefl
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Fig. 9. X-ray tracings of Swedish vowels arranged to conform with an F, versus F; vowel
diagram as in Fig. 10.

Figure 11 taken from their book* illustrates the single tube represen-
tation of a ncutral sound. Pressure and velocity of the sound wave
inside the tube have a phase difference of 90 degrees. At the frequen-
cy of a formant there is always a pressure minimum and velocity
maximum at the lips and a pressure maximum and velocity mini-
mum at the glottis. At the frequency of the first formant the standing
wave pattern cccupies '/, of a full wavelength and 3/, and 3/, wave-
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Fig. 10. Spectra of synthetic vowels assuming a standard voice source. The vowels are
selected in terms of combinations of quantal values of F, and F, and F,.

lengths at F, and Fj respectively. The length of the standard tube,
17.5 cm end-corrections included, corresponds to a F-pattern of
500, 1500, 2500 ¢/s, etc. The most simple rule governing the relations
between vocal tract configurations and F-patterns is that if a homo-
geneous tube is constricted at a place where one of its formants has
a velocity minimum, there will follow an increase of the formant
frequency whereas a constriction at a place of a velocity maximum
results in a decrease of the formant frequency. These rules are re-
lated to the fact that the standing wave carries largely kinetic energy
at a velocity maximum and largely potential energy at a velocity
minimum, i.e. at a pressure maximum. In terms of circuit elements
the region of velocity maximum may be replaced by an inductance
and the region of pressure maximum by a capacitance as far as the
particular formant is concerned*.

A simple but very effective approximation of the vocal tract is
by means of two connected tubes of different lengths and cross-

* Calculations based on the Webster horn equation have been successfully carried
~out by Ungeheuer®.
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——

Fig. 11. Distribution of volume velocity at the frequencies of each of the first four
resonances of an ideal neutral articulation in which the vocal tract simulates a tube of
coustant cross-sectional area (after Chiba and Kajiyama, ref.4).

sectional area as exemplified by Figure 12 which originates from the
very early years of my work on the acoustics of speech. Of special
significance is the two-tube approximation of [a] and [i] which are
polar opposites in terms of articulatory features.

The double Helmholtz resonator shown in Figure 13 has played
a very important role in the history of acoustic phonetics and I still
use it for some approximate calculations. When the double resonator
model is represented by lumped circuit elements, i.e. by the two
volumes and the two necks, circuit theory will account for two
formants only. Asa matter of fact F; and F, of the Russian vowel [i*]
shown in Figure 2 may be calculated with a reasonable accuracy
from this model. Formant frequency F,; of most front vowels can be
calculated with a reasonable degree of accuracy from a single Helm-
holtz resonator model of the entire vocal tract, the front part of
which is the neck and the back part of which acts as the volume.

In general the vocal tract behaves like a continuously inhomo-

* Nonpalatalized allophone of [i].
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Fig. 12. Twin-tube resonators and associated F-patterns approximating a few vowels,
see ref.?).

geneous transmission line. In order to simplify calculations Stevens
and House designed a three-parameter model, whereby the complete
articulation is specified by (1): the degree of opening at the lips,
(2) : center coordinate of the major tongue constriction, and (3): the
degree of opening of the constriction.

The nomograms of Figure 15 show the relation between the place
of tongue constriction and formant frequencies under conditions of
a constant and small tongue constriction area and a set of varying
degrees of lip-opening. This kind of nomogram is very useful for
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6,3 TC, s,% TC,

Fig. 13. Single and double Helmholtz resonators and equivalent electrical networks,
see ref.7,

translating various articulatory positions to an F-pattern. The low
position of F, close to F, typical of back vowels is apparent as is the
high F, closer to F; in front vowels. The place of maximum F, is

more posterior than that of maximum Fj, the latter position repre-
senting prepalatal articulations.

5. Formant-Cavity Affiliations

There are several means of studying cavity formant relations.
One is with reference to Figure 15. As the tongue constriction is
moved from an extreme position at the glottis end of the model to
the other extreme at the lips, it is to be seen how F, first shows a slight

Area 2
, A l/A, = 1/4 A = Apprcosh (x-xp, 3/ b

cm / Q- 475 rt:osh(él/A,“i,,V2
Amin = 0s5cm? Fl

Xmin =10,5cm

o N~ O ®

"

T T T T T T T T T

X 16 14 12 10 8 6 4 2 0

X = Constriction coordinate in cm from glottis.

Fig. 14. Three-parameter vocal tract model based on a horn-shaped tongue section.
A larynx tube, as well as the sinus piriformis cavities surrounding the larynx tube, have
been incorporated as fixed cavities, see ref.?.
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Fig. 15. Nomograms of the first five formant frequencies as a function of varying place
of the major tongue constriction assuming a very narrow tongue passage and with various
degrees of superimposed lip-rounding in the model of Fig. 14. (See Fant, ref.”.)
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tendency of rise and then falls. Here F, shifts from a mixed front and
back cavity affiliation to being more affected by the back cavity*.
In this forward movement F, starts with a fall and then rises as it
gets more affiliated with the front cavity than with the back cavity.

However, at an advanced place of articulation in front of the
place of maximum F, the second formant will be more dependent
on the back cavity, now as a half-wavelength resonance. In this
advanced location F; is the fundamental resonance of the front
cavity. Further back at a medio-palatal to velar region F, is associ-
ated with a standing wave resonance of the back cavity. In back-
vowels I'; is a standing wave resonance of the front cavity.

The effect of superimposed lip-rounding on formant cavity
afhiliations is to shift the critical coordinates in an anterior direction,
as can be seen from Figure 15. On the other hand if a lip-rounding
affects one formant more than others this is a sign of an especially
prominent affiliation of this formant with the front cavity. This
situation is typical of the prepalatal [i] the F; of which is very sensi-
tive to lip-rounding.

Quantitative measures of the degree of dependency of any
formant frequency on any small variation of the vocal tract area
function were given in ref.”. One of the several variations introduced
was to make a small increase in the cross-sectional area at the co-
ordinates of maximum area in the front and the back cavity. The
tabulation is quated here, * denotes negative values.

AF, G AF, C AF, Gy AF, G AF; C AF, G,

Vowel —_— _— = — —_— —_—
F, AC F, AC F, AG F, AC, F; AC Fy AG
[a] 007 019  0.23 0.11 018 0
[0] 005 033 037 022 025 0
[u] 0.18 0.28 0.20 0.15 0.06 0
[i] 0.02* 0.39 0.49 0.02* 0.04 0.45
[1] 0.01%* 0 0.53 0.39* 0.04 0
[e] 0.08%*  0.01* 042  026% 001  0.23

Observe e.g. the lack of association of F, of [i] with the front cavity
volume C;. The same effect is observed when merely shortening the
front cavity of [i] by removing one 0.5 cm section, see ref.?, p. 120,

* This discussion pertains to the role of cavities alone. In half-open and close front

vowels the tongue constriction is of equal importance as one of the basic elements of a
Helmbholtz resonator.
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Table 2.33-4. Whilst discussing the vowel [i] it should be appreci-
ated that what is said above pertains to the Russian and the Scandi-
navian [i]-vowels which are prepalatal whereas the [i] is articulated
more towards the medio-palatal region in English. Also the age and
sex of the speaker should be considered. Women generally have
shorter necks than men, i.e. their ratio of mouth length to pharynx
length is greater than in males which determines an increased
affiliation of their F, with the front cavity.

The fourth or fifth formants of a male voice have a tendency to
be strongly affected by the larynx tube. Even without such a tube
there would fall a vocal tract resonance not too far away but the
essential feature is that the addition of a larynx tube to a model,
everything else being constant, is to place one more formant in the
3500 c/s region thus boosting this part of the spectrum. Those who
have a short larynx tube or insufficient closure at the arytenoids will
Jack this formant. This is typical of female voices.

The effect of the Sinus Morgagni pockets is to cause a slight
shift down in some of the formant frequencies and to set a sharp
upper frequency limited at about 4500 ¢/s in the vowel spectrum,
see ref.?, p. 102, and ref.®.

The search for formant cavity associations once approached
with unsufficient theoretical tools and an overoptimistic attitude?®
21,15 was miscredited by the impact of transmission line theory in
vocal tract analysis. This subject may now be treated with better
theoretical tools, although our knowledge of the physiological facts
has not advanced to the same extent. In fact, we still may have some-
thing to learn of the “old school”. Sovijdrv’s®® 2t ensemble of seven
variable and eleven fixed formants of the speech spectrum was in
part a fiction but some of these speculations deserve a renewed
interest now when Fujimura has shown!* that there are at least twice
as many formants in a nasal murmur sound than we had anticipated
from spectrum matching work!? and the averaged area function of
the nasal tract I used in my calculations?. A sample of Fyjimura’s
observations ! pertaining to transmission measurements with sound
injected from a vibrator externally at the throat and a pick up of the
sound at the nostrils is shown in Figure 16. Observe, for instance,
the split first formant as in nasalized sounds which together with the
several other spectral peaks can be ascribed to the asymmetry of the
particular nose, the left and right passages differing in their dimen-
sions.
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Fig. 16. Sine wave sweep frequency characteristics of the cavity system of a palatal nasal
consonant co-articulated with a neutral vowel (solid line). Vibrator externally at the
throat and pickup at the nostrils. A spectrum matching comprising some of the lower
resonances is included (broken line). In an accurate match something like 6 poles and
3 zeros would be needed in the frequency range below 2000 cfs. (After O. Fujimura.)

Finally a statement on the role of the cavity walls. It was
initially suggested by van den Berg'-? and I elaborated the theme in
my book?, that in sound with a very low I, there is a substantial
energy loss from sound transmission through the walls of the vocal
tract, wherever these walls are thin enough to allow vibration to be
set up. In ref.? I calculated a limiting frequency of 150 ¢/s for the air
inside the vocal tract resonating with the mass element of the walls
all outlets being closed. Recently I discovered that this shunting
mechanism is responsible for the typical nasal quality of the speech
of a diver submitted to a high overpressure.

Recent experiments performed together with Dr. B. Sonesson*
have shown that the most typical characteristics of the speech of a
person submitted to a high overpressure is the rise in F,, the im-
mobilization of F,, and the inability of the subject to produce sounds
with an F; lower than a certain limit set by the overpressure. What
happens is that an increase in overpressure does not affect the veloci-
ty of sound, c, but it affects the density p of the air proportionally

and thus the impedance level pc/A whereas the impedance of the .

cavity walls is not affected by the pressure increase and its relative
load will thus increase.

The lowest possible frequency of F, is simply the square root of
the atmospheric pressure in ATA times a constant which is the
limiting F, of normal speech and of the order of 200 c/s. With a
pressure of 6 ATA the low limit of F is thus of the order of 500 c/s.

* Will be reported on briefly in STL-QQ PSR 2/1964.
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The typical effect is that close and half-open vowels, as well as voiced
occlusives, fricatives, and semivowels and nasals, all fall within the
same very narrow range of F; around 500-600 c/s. To the first
approximation
F,= VF120 + F12k

where F, is the F, without consideration to the cavity wall load and
F,x the limiting frequency at complete vocal tract closure.

Examples of speech at 1 and 6 ATA pressure is shown in Figure
17. This effect facilitates the calculation of the limiting F; in normal
speech and enforces the existence of this limit to be considered when
calculating the filtering properties of the vocal tract. If this effect is
not taken into account calculations of F; will thus tend to give too
low values, a fact that is supported by experience. But for this effect
it would be difficult to explain the very stable base-band formant
frequency at about 200 c/s of voiced consonants. It remains to study
to what extent the low F, limit varies with speaker category.
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Fig. 17. The main cffect on speech of increasing the air pressure in the room, where the
subject is seated, is to increase the lowest limit of F,.
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Discussion

H. AL Truby (San Jose, Calif.) (Truby’s summary of his own critique): In spite of
the overwhelming effects of the past 55 min of slides, I fecl I must utilize some part of the
few remaining discussion moments to point up certain pertinencies. The title selected by
Docent Fant, Formanis and Cavities, would lead members of the Congress to assume that
something of the relationship of formants and cavities was to be discussed, as might well
be the case after all the ycars of research applied to the establishment of such implied
correlates. However, we have not been so blessed.

I hold before you a picture of a little girl. This picture tells a complex story to me
which no one else in the hall could possibly be in a position to appreciate. This picture is a
single instant in time, yet when I look at this picture an entire dynamic tale unfolds.
The little girl of the picture is my daughter, and the picture acts as a multiple stimulus,
the nature of which you are all aware of by this point in my analogy, for I’ve seen her
happy and sad and at work and at play and asleep, and so on. Now, when we see slide
after slide of such single-instants-in-time, it is only as products of our own individual
experiences that we are ablc to evaluate their static natures in dynamic terms. Certainly
formants do not reveal themselves entirely — and ofttimes not even identifiably — on sound
spectrograms or similar displays, from the standpoint of their perception, and cavities
cannot be defined in terms of cross-sectional areas unless they happen to be highly
idealized cavities, such as are never found in the human or any other animal form...
and rarely in nature at all, except as a man-made artifact. How then can it be proposed
that a discussion of a few arbitrarily selected instants in time extracted from visual
displays of acoustic continua will reveal anything of the dynamic nature of the speech
signal? We know as little now, apparently, of the rclationship of formants to cavities
and vice versa as was reported during the Oslo Congress of Linguists in 1957, which
situation I ctiticized expressly as A First Feature of Indivisibility in my own Oslo paper,
Visible and Indivisible Speech. 1 say, ‘apparently’, since in the twelve minutes actually
allotted by the Committee for the pre-discussion phase of this paper, there would have
been time to report on the dynamic analysis aspects now available to speech research.
Cineradiography, spectral timesampling, overall intensity dynamics, fundamental
frequency flow — all these and other media for analysis are discussable at this point of
the history of the phonetic sciences. Having been exposed to the implications of ‘hocus
pocus linguistics’, in the face of what we are asked to infer from this array of time and
space cross-sections just presented us, I should like to propose the adjunctive term ‘hocus
pocus phonetics’. In short, calculations in static terms of dynamic — yea, kinematic —
activities have little significance for the phonetician. The high-light of my long-time
colleague’s presentation was the single slide of the F, through F; nomogram which, if not
dynamic, was at least spatial, and which is featured in his doctoral dissertation.

I cannot hope that my remarks will not be misconstrued in some quarters and my
point overlooked, but my principle intention is to point out that the present state of the
art does permit a dramatic account of the acoustic and physiologic correlates of speech.
It’s there for the telling...

Epilogue

The above Discussion was, of course, motivated by the delivered version of Fant’s
paper. The wriiten version, carefully edited by the author after the Congress, has been
altered in several places significantly relevant to certain points of my verbal critique,
e.g., last line, p. 120 — first line, p. 121; lines 3-8, p. 121; etc. Even though, in this
instance, my own remarks have lost none of their pertinence, presented papers should
not, in my opinion, be mere rough drafts of Proceedings reports.
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From the Haskins Laboratorics, New York City

Instrumental Methods for Research in Phonetics

By Frankrin S. Cooper

Instruments have long had a part in the development of pho-
netics. Their use has been both praised and derogated, depending
in part on individual preferences as to whether phonetics should
become a science or remain an art. The trend is clearly toward
quantitative description and experimental method; hence, the pur-
pose of this report is to review briefly the instrumental developments
of the past few years.

A total review would surely exceed your patience and my
abilities. Fortunately, the task can be reduced: (1) We can take
only passing note of several areas of instrumentation that are of
concern primarily to the communications engineer. Thisis hazardous,
however, since these same tools may so easily be adapted to research
on phonetic problems. (2) We can rely on existing reviews that
cover most of the important developments until quite recently, in
particular, the excellent and extensive reviews by Eli Fischer-
Jorgensen® and C. G. M. Fant® prescnted at Oslo in 1958 and the
reviews by Fant® and Cooper® given in Helsinki in 1961. What
remains is to update the existing reviews and then perhaps to take
note of some new trends in phonetic research and the related
developments in instrumentation. There are hazards, to be sure,
in presuming to point out significant new trends while they are yet
trending: one’s biases will surely be revealed, and quite possibly
one’s follies.

1. Instruments and Methods
Sound Recorders and Oscillographs

The use of magnetic tape for recording and reproducing the
sounds of speech is so common and convenient that one tends to
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forget his almost total dependence on recordings for every kind of
phonetic research. Indeed, some types of studies can be done with
little more than tape recordings, a razor blade, and some splicing
tape.

Research in phonetics is well served by conventional magnetic
tape recorders; even so, some of the many variants on the familiar
recorder may prove uscful for special purposes. Thus, multitrack
recorders have the obvious advantage of allowing two or more
distinct signals to be stored and recovered without loss of synchro-
nism. Frequency modulated recordings preserve the audio waveform
to zero frequency and are almost indispensable for such specialized
tasks as recovering the glottal waveform by inverse filtering. Digital
recording has advantages that may outweigh its cost when the
experiments require an extremely good signal-to-noise ratio or a
high degrec of reproduceability on successive playings. A rather
simple variant of the conventional magnetic recorder uses cards
instead of tape on reels. This permits sentence-long utterances to be
recorded, annotated, and filed away with other flat records; thus,
a sound spectrogram and the specech it represents can be kept
together for easy reference to either pattern or sound. Psychoacoustic
tests that require the pairwise comparison of brief sounds are much
simplified, as are comparisons of informants’ utterances. Card-type
recorders seem to have been used less than one might expect, perhaps
because they have not been commercially available, at least in the
United States, until the last year or two?5.

The display of sound waveforms by the oscillograph is, like
sound recording, so commonplace that it is taken for granted.
Although the waveform has proved to be less useful in phonetic
research than spectrum information derived from it, there are many
purposes for which the oscillogram is highly useful. Recent develop-
ments in instrumentation and recording media make it quite easy
to record speech waveforms; several channels of information con-
taining frequencies up to 5,000 cps or more can be registered on
papers that require no processing except brief exposure to a fluo-
rescent lights®.

Spectrograms and Spectrographs

Although the speech waveform contains all the acoustic infor-
mation about a spcech sound, it has long been known that the spec-
trum of the sound provides a more useful display. This was evident
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already from Fourier analyses of vocalic sounds that had been made
even before this century. Nevertheless, the publication by the staff
of the Bell Telephone Laboratories? of a serics of articles and a book
on sound spectrograms — Visible Speech, as it was called — caused
much excitement among experimental phoncticians. This happened
about 1945 to 1947, so that some of you may be a little surprised to
find a much earlier spectrogram in the literature, showing the now-
familiar dynamic patterns of speech in the same time-frequency-
intensity display that is used for visible speech. This spectrogram
appcared just over thirty years ago in a paper by John C.Steinberg®
entitled “Application of sound mcasuring instruments to the study
of phonetic problems” — a timely topic to this day.

Why should phoneticians have waited more than a decade to
respond? Only a part of the reason is to be found in the intervening
political events. Other reasons are, no doubt, that the hand-drawn
patterns of Steinberg’s spectrogram lacked the wealth of detail and
artistic appearance of the machine-generated variety, and that his
product also lacked the promotion given to visible speech, first by
the Bell Telephone Laboratories, and then by Martin Joos® in his
remarkable little book directed specifically to linguists. But we may
suspect that, despite these reasons, the sheer labor of generating the
patterns would have discouraged their use in research. Steinberg’s
spectrogram was in fact prepared from separate Fourier analyses of
cach vocal cord period, done by hand at something like two hours
of work for each period. This single spectrogram, then, represents
about a month of full-time effort devoted to measurement and calcu-
lation; today’s spectrograph does the same Jjob — better — in a few
minutes. The moral is clear; a method, to be useful in phonetic
rescarch, must have both conceptual power and instrumental con-
venience, or, put in another way, new techniques that open old
doorways may be almost as valuable as new insights.

The sound spectrograph, of the type manufactured by the Kay
Electric Company under the trade name Sona-graph ', based on the
original Bell Telephone Laboratories’ design, is now to be found in
a number of laboratorics. Although the instrument has its frailties,
as most of its users will attest, it has proved extremely uscful and is,
indeed, the central picce of research instrumentation in most pho-
netics laboratories. This wide acceptance of a single instrument has
had an important consequence in standardizing the pictorial aspects
of the sound spectrogram; it is a further tribute to the original design
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that even the improvements announced within the past year do not
change the basic presentation, but only the mechanisms and cir-
cuitry. The new transistorized model of the Sonagraph has features
of improved flexibility, ease of calibration and speed of analysis.
Another new spectrograph, reflecting a thorough redesign to achieve
an improved research instrument, has been made by Prestigiacomo
and co-workers at the Bell Telephone Laboratories. This spectro-
graph!! retains one of the best features of an earlier model, namely,
a rotating magnetic head scanner that allows spectrograms to be
made directly from original tape recordings; in addition, the tape
system of the new spectrograph can serve as a conventional recorder.
Modular electronics permit easy modification of signal conditioning
circuits, filters, frequency scales, and other display characteristics.
Even more important for routine use are the rugged mechanical
design, rapid analysis, and the provisions for automatic calibration
and for advancing the input tape. Another research instrument with
many supplementary features has been designed and built by
Peterson'? at the University of Michigan, primarily for use in his
own laboratory.

Despite the wide acceptance of the ‘“standard” spectrograph for
research in phonetics, a number of special-purpose instruments have
been built. The principal objective has been to obtain real-time
spectrograms of long samples of speech, or more generally to obtain
running analyses whether or not the information is displayed as a
conventional spectrogram. Banks of filters have long been used for
this purpose and are now to be found in several laboratories; only
two recent additions will be mentioned here. The 51-channel
analyzer at the Royal Institute of Technology!?® is an outstanding
example; it constitutes, in fact, the central unit in a very versatile
research facility with capabilities that include the display and
registration of real-time spectrograms and the production of digital
tapes for computer use in further analyses of spectrum information.
At Columbia University, Harris14 has constructed a real-time audio-
frequency spectrum analyzer consisting of a bank of 54 Gaussian
filters. The outputs are scanned for presentation as running spectro-
grams on a radarscope, or converted to digital form for computer
processing. Gaussian filters were employed to obtain good response
to transient aspects of the speech signal.

The use of filter banks to generate real-time spectrograms has
the disadvantage of poor frequency resolution or a requirement for
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very many filters. Another solution is to use methods that recirculate
a short sample of speech at very high speed so that the requisite
number of analyses can be completed during the duration of the
sample, i.e., in real time. One such device, using digital delay lines
and an analyzing filter has been described by Gill*%; another that
recirculates the analog signal in a quartz delay line for correlation
analysis has been described by Weiss and Harris'®. Equipment of this
kind, though complex and costly, can provide high resolution
spectrograms in quantity.

The nature of the display itself, when it is intended primarily
for the human observer, has also been the subject of recent research.
Prestigiacomo?, following up the earlier work by his colleagues at
the Bell Telephone Laboratories, has published contour spectro-
grams that seek to retain information about relative intensities that is
often lost in the usual spectrogram because of the restricted grey
scale of facsimile paper. The contour lines of these spectrograms
mark off regions that differ by 6 db in marking level, and a rough
identification of each such region is provided by the darkness of
shading between the contour lines. Patterns of this kind have
received rather wide publicity because of the claims made by Kersta®
about their usefulness as voice prints for speaker identification.

Several variants of the conventional spectrographic display
have been employed by Wood and Hew:tt'® at the General Electric
Company in Schenectady. Their real-time analyzer is basically a
filter bank which is scanned rapidly “by a unique process that inter-
polates the filter outputs to create continuous cross-sections of ampli-
tude vs. frequency”. The cross-sections are recorded from a cathode-
ray tube onto film; in one version, the signal representing spectrum
level is used not only to brighten the recording spot but also to
deflect it very slightly along the time dimension. This results in some
enhancement of the intensity variations across formants. In another
version, the film is marked only at peaks of the spectral cross-
section; this serves to delineate the course of the formants, as in the
much earlier resonagrams described by Huggins®.

C.P.Smith? at the Air Force Cambridge Research Laboratories
has used a digital print-out of time- and frequency-quantized spectro-
grams to record numerical data without losing the essential pattern
aspects of the spectrogram. The spectrum information in digital

form can, of course, be used directly for quantitative experimental
studies of speech.
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Other Methods of Speech Analysis

There has been renewed interest in analyzing voiced segments
on a period-by-period basis, employir}g variants of the inverse
filtering method introduced by R. L. Miller?® of the: Bell Telephc?ne
Laboratories. The method is basically one of removing or caan:lhng
the lower formants, one by one, from 2 high-fidelity recording o
the wavetrain for a single glottal period. The I‘CS'ldl.le then represents
the glottal pulse itself, while the adjustments r.equlred to cancel ?he
formants give formant frequencies and bandwidths. Inverse ﬁltern(llg
is inherently a method of adjustment, though efforts have been made
to automate it. Lawrence® at the Signals Research a}nd Defvelopment
Establishment, Christchurch, has ref.erred to ”hlS equipment for
cycle-by-cycle analysis as 2 “speech.mlcroscope . He has be.en con(;
cerned principally with the extraction of forn:xant information an
with adaptation of the method to the tracking of formants on (al
continuous basis. Holmes®* at the Joint Speech Research Unit, an
other workers as well, have used the method to study the details
of the volume velocity waveform at the glottis.

The interest in events at the glottis includes, ‘of course, the repe-
tition rate or voice pitch, as well as th? details of 51.ng1e glottal
cycles. An exciting new method for obtaining the short-time av;rage
pitch has been described by Noli#s of the Bell Tel?phone Labora-
tories. The method employs a spectrum analyzer demgne.d to operate
in real time and to produce high resolution spectra without using
either heterodyning methods or bandpass filter ban}cs — a device
of considerable interest in its own right. The logarxthms.of con-
secutive amplitude spectra from this analyzer serve as thf: input }tlo
a second similar spectrum analyzer, the ou.tput. of which is ’It‘hc
“cepstrum”, or power spectrum of the logarithmic spectrux}rll. z
cepstrum shows the period of the glottal pulses as peaks t ’atti a:‘l X
clearly separated from the peaks.due to formants; thus, x{)ar}au ow-
in voice pitch observed at analysis intervals of 15 msec. may be odob
ed throughout a voiced stretch. The method has been 1teste }:
computer simulation with initial results that seem e:xtremc;li y pror}rlusii
ing. The term “cepstrum technique” has been applied to this metho

itch detection. .
o V(')I(':I?le I::;ctfr};ction of pitch information is a'classic problefn in the
development of bandwidth compression equlpm‘ent ff)r voice CO}I:I-
munication. A very substantial amount of engineering effort has
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been devoted to it recently, with some success; however, none of the
resulting devices really meets the need for a simple and thoroughly
reliable pitch meter of the kind that could be so useful in phonetic
research. One line of engineering development has, in fact, been to
evade the problem by transmitting a part of the original speech
signal (roughly the first formant region) to the receiving end of a
communications link for use in regenerating the speech message.
Automatic formant tracking is another active area of research in
voice communication; here too, advances have been made. Research
on the recognition of connected speech and on speaker identification
must, of course, start with information about formant patterns and
excitation functions and will probably need to make use of all
available linguistic information as well. This is an area in which
phonetic and engineering interests overlap, but it is also an area
that has shown few striking gains. Quite possibly this is because no
adequate rationale is yet available, with the possible exception of
a method of analysis-by-synthesis which will be described in a later
section. (The discussion in this brief paragraph has merely touched
on some of the areas in which extensive engineering and instrumental
developments have taken place. Fortunately for the present purpose,
this field was reviewed in a Speech Communication Seminar that
was organized by Dr. Fant and held at the Royal Institute of Tech-
nology, Stockholm, in August 19622¢, The conference was aimed
primarily at the field of communications although a number of the
papers had a direct bearing on research in phonetics.)

Synthetic Speech and Speech Synthesizers

The great virtue of the sound spectrogram is that it displays
the acoustic information as visual patterns that are correlated with
the perceived sounds of speech and with the changing configurations
of the vocal tract. The latter relationships are the subject of Dr. Fant’s
paper on “Formants and Cavities”; the correspondences between
spectrographic pattern and linguistic unit are our present concern.

This concern stems from the need to identify the important
aspects of spectrograms if we are to employ them in studying speech
sounds and yet escape the fate of the investigator who, as Fant® has
warned, ‘‘too easily drowns in a sea of details of unknown significance
if he attempts to make use of all observable data”. Fortunately,
there is a direct way to examine the relationship between pattern
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and linguistic unit and, in so doing, to ‘determine the significance
of various aspects of the spectrogram. The method uses the spectro-
graphic pattern, often in simplified or derivefi form, to control the
synthesis of sounds that are then presented to listeners for perff:ptual
evaluation, exactly as if they were listening to “rea}l speech”. The
method, as applied to research in phonetics, was pioneered by my
colleagues at Haskins Laboratories®; it is now used to good effect
in several laboratories to isolate the acoustic cues for speech per-
ception, and to pin-point those spectrographic fez?,tures tI}at deserve
the most careful attention. There will be opportunity at this Congress
to hear about work based on these methods in the review paper by
Delattre, and in a number of other papers as wcl%. .

The situation with respect to speech synthesizers differs fr9m
that for sound spectrographs: synthesizers are less com{l‘mn, be1n§
found only in the larger laboratories, and thereisasyetno standard
instrument. This is due only in part to the complexity and cost f)f
synthesizers. Different users have different r}et.:ds and so ha.ve bu.llt
synthesizers with widely differing characteristics. The relatlons.hlps
between intended use and machine design were dlscu§sed in a
report? at the Helsinki Congress, with spe.:c1al §mp1'1a51s on t.he
control characteristics. One of the major considerations in the ch?lcc
of a synthesizer is the convenience, and hence the overall effective-
ness, with which the synthesis can be contrPlled. Con?eptual co}r:-
venience, as in the use of the spectrographic pattern 1tse'1f foF the
control of synthesis, is no less important t.han mechamca.l 51mpl.1(:1ty%
The overall complexity of the synthesizer and'the dlfﬁ.cultms 0
adequate control are functions also of the r‘equn‘cd felicity of ‘the:
synthetic speech. High fidelity is indeed (')btaxnal?le, but at a price;
there is, in short, good reason to use care n selecting the synthesizer

roblem. .
N m';‘iclc: nt::ufe of the problem has been changing §ubt1y as infor-
mation has accumulated about the major acoustic cues. Much
remains to be done at this level and with highly schematized pat-
some of the problems call for syntheses that are

terns; nevertheless, : :
Subst;ntially closer to normal speech. Thus, in studies of stress and

intonation, one may wish to impose varioqs pit'ch l.ines on patterns
that are otherwise as normal as possible; likewise, investigations of
the relative importance of individual cues Vyhen more than one
serves the same phonemic distinction may require controlled changes
in the total spectrographic pattern derived from actual speech.
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In studies for which the synthetic speech must approximate
real speech, good use can be made of synthesizers of the vocal tract
analog type, such as DAVO, or of the formant type that retain some
of the inherent constraints of the vocal tract, such as OVE II or
the series-connected PAT?® 4 Many of you have heard synthetic
speech from OVE II that was difficult to distinguish from the real
speech on which the synthesis was based. This realism was obtained,
however, only by painstaking attention to the accuracy of the
control signals and some adjustments by ear as well. Indeed, the
virtue of these devices in modeling human speech production carries
with it the penalty of interactions among the control signals. These
make it more or less difficult (more for DAVO and less for OVE II)
to introduce point-by-point changes in the spectrum, when one is
seeking to test hypotheses about acoustic cues.

Considerations of this kind — and, I must admit, a strong bias
for the use of spectrographic patterns in the control of such experi-
ments — have led to the development of a new synthesizer at Haskins
Laboratories that combines realtime spectrum analysis and display
with a facility for performing ‘““microsurgery” directly on the spectro-
gram, and of course for hearing the sounds of both the original and
modified patterns. Because digital methods are used for storing the
spectrum information, and because the primary purpose is to permit
manipulation of the spectrum, we refer to the device as a Digital
Spectrum Manipulator.

The diagram in Fig. 1 shows the mode of operation: essentially,
a vocoder analyzer and synthesizer are used to provide the spectrum
and to synthesize speech from it. Between analyzer and synthesizer,
there is a magnetic core memory and the conversion equipment
needed to get vocoder information into and out of it. The arrange-
ments for addressing the core memory make it look to the outside
world as if it were organized in layers, like a cake, with each layer
in the form of a digital spectrogram very much like the ones employed
by Smith?'. Each spectrogram is about two-and-one-half seconds
long; the operator can look at any half-second portion of it on a
cathode-ray tube that presents a flickerless spectrographic pattern.
He can use a “joy stick” control to move the pattern backward and
forward at slow or normal rates or to move an indicator to any
frequency channel. The particular data cell marked by this indicator
and a vertical line in the center of the screen is available to him
and can be changed instantaneously. Two other features deserve
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mention: one is that several different versions of the same pat%e(x;r;
can be stored in the several layers of the memory for easy cgmpan.snt-
with each other; another is that more complex changes t alrll gimital
by-point modification of the spectrum can be don(e1 bya :T: andg !
computer that communicates directly with the data sto

operator.

The principal disadvantages of the system, as it now stands, are

the frequency resolution and voice quality limitations inherent in

. .. Ker
19-channel vocoder and a corresponding graininess, Or c%lec‘
?)oaid pattern, in the display. We exp;;:t thaé;):;}; rtllrllzslcﬁl;:r;t;:gx;
can be considerably eased by using 32- or 64- ks
is and by employing either filters or formant generato
?Z: :;IilZZsiS. The zdvaitages of the system lie not only in lt)h:i iz;;:ct)
that one works with the full spectrum of a real utterance, hu ©
in the ease with which speech can be en.tertad fron} a microp onbeOth
tape recorder and then manipulated, .wuh 1mmedlatte acc}elss to o
the visual pattern and the corresponding sound of e}thex;l tf e orlg;Ch
or the modified utterance. The system, th?ugh des§gne orlspealo ,
is readily usable for other research in which multi-channel analog
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information is put into a computer and manipulated under the
direct scrutiny and control of the experimenter. Some of the work
on physiological measures of articulation, to be mentioned in a
following section, is of this kind.

A device somewhat like the Digital Spectrum Manipulator was
used by Smith?! to generate the digital spectrograms that have al-
ready been mentioned; it, too, makes use of digital storage for the
automatic processing of spectrum information about real speech.
Although the design had, as its primary objective, the evaluation
of a bandwidth compression system based on coded spectral cross-
sections, there were provisions for manipulating and modifying the
spectrum in numerous ways so that the device could serve as a
general-purpose research tool. Analysis and synthesis are performed
by a vocoder, with the digital spectra stored in a drum memory.
The principal outputs are from a high-speed printer and a loud-
speaker. A substantial part of the equipment is devoted to matching
spectral sections and compiling various kinds of statistical data,
some of which may be quite relevant to problems in phonetics.

The very promising development by Stevens, Dennis and their
colleagues® at the Massachusetts Institute of Technology of syn-
thesizers comprising dynamic analogs of the vocal tract is being
continued actively. One phase of their work, following the addition
of a nasal analog (DANA) to the original device (DAVO), was the
introduction of digital-to-analog conversion equipment to permit
control of the synthesizers by the TX-O computer. This step was
aimed at the greatly increased flexibility of control by computer
as compared with that provided by the original circuitry. Another
phase is the construction of a new synthesizer with circuits designed
for improved stability and direct digital control. Attention is being
given also to computer programs for controlling the synthesis in
terms that are natural and convenient for the experimenter; this
involves an intimate interplay of constraints imposed by the com-
puter, the synthesizer, and the articulatory process.

Speech stretchers are special variants of synthesizers, but of
more than passing interest for research in phonetics. One type, using
tape recordings and rotating magnetic heads to repeat brief segments
of the recording, has been available commercially for several years;
such devices yield good speech when the time expansion ratio is
small. The operation of other types of speech stretchers involves both
automatic extraction of speech parameters and storage of this infor-
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mation for later read out in slow time. Digital devices with storage,
such as those already mentioned, can serve as stretchers although
analog methods are quite adequate and usually simpler. Such a
specch stretcher has been built at Haskins Laboratories using a
channel vocoder and a multi-track magnetic tape recorder to store
and re-play the spectrum information that usually flows directly
from analyzer to synthesizer. Figure 2 indicates the nature of the
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Fig. 2. One type of speech stretcher employs a vocoder for analysis and synthesis. The

slowly-varying information that flows from analyzer to synthesizer, shown in essentially

spectographic terms in the upper half of the figure, can be recorded on multi-track

magnetic tape at one tape speed and then played into the synthesizer at a lower speed.

The resulting speech will have the same spectral variations, except for the slower rate,

and the same pitch as the original speech. A sample of original and stretched speech
is shown in spectrographic form in the lower half of the figure.

information that is stretched, or compressed, and an example of the
same speech at the normal rate and at half that rate. The quality
of the stretched speech is unchanged by stretching, though it has
the faults usual to vocoded specch. Stretching by factors of two-,
four-, or eight-to-one, or compression by two-to-one, is done quite
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easily by changing motor speeds on the tape recorder. Other factors,
ranging up to ten-to-one are possible, and have been used in making
slow-motion X-ray movies of spcech articulation .

II. Current Trends in Research on Phonetics

The developments mentioned in the preceding sections on instru-
mentation for speech analysis and speech synthesis represented
mainly further progress along well established directions. Some of
the devices that were described were new enough to have escaped
mention at the Helsinki Congress in 1961, but not very many. There
was increased emphasis on automated analysis and on synthesis
applied to the complete speech spectrum. There was, in short,
progress without important change of direction.

Let us turn now to some trends in phonetic research that repre-
sent significant differences in objective or major changes in research
method. Here, too, we shall look in vain for abrupt departures but,
over the past three to five years, the shift in direction is unmistakable.

The Use of Computers as Research Tools

Just as the mere automation of Fourier analysis by the sound
spectrograph opened the way, in a practical sense, for most of the
experimental advances of the past two decades, so the dexterity of
the general-purpose digital computer seems about to open new paths
for research. There is this difference: the spectrograph was a single-
purpose instrument; the computer is extremely versatile, especially
when coupled to analog devices at input and output. A survey of
the applications of computers to speech, primarily for engineering
purposes, would be beyond the scope of this paper; however, a
sampling may serve to indicate some of the potential — and actual -
uses of computers in research on phonetics.

Statistical analyses of data about speech sounds is, of course,
an obvious use for the computer’s extensive memory and its sorting
capabilities. Such a study was reported, at an early phase, by Denes
at the Helsinki Congress; details have since been published %. The
initial objective of this study was to examine the frequency of occur-
rence of pairs of phonems in a large sample of running text as a
basis for applying linguistic constraints to the operation of a phonetic
typewriter. Quite aside from this practical objective, the frequencies
of phoneme digrams and minimal pairs reveal some very interesting
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characteristics of the English language and point, in particular, to
the heavy functional load carried by certain phonemic distinctions.
Comparable uscs of computers with higher-order linguistic units
have been especially numerous: the ficlds of information retrieval
and of mechanical translation are largely computer-based; indeed,
some of you may already have made plans to attend next year an
International Conference on Computational Linguistics, a label
that includes, according to the call for papers, ““all uses of computers
to manipulate natural or artificial languages”.

Direct manipulation of the spcech waveform by computers
equipped with suitable analog-to-digital conversion devices and data
buffers has been employed for a wide varicty of tasks involving
both analysis and synthesis. Such applications put heavy demands
on the computer facility, in part because the speech waveform
requires so much memory capacity per second of speech, and in
part because the real-time inputs and outputs involve both precise
timing and high data rates. The use of computer methods for making
decisions about pitch periods in the waveform of voiced sounds has
been described by Gold®! of the Lincoln Laboratories, MIT. Several
criteria are employed, related to those that might be used by a
human observer in hand-marking the pitch periods; the computed
period is a composite measure that is more reliable than the result
from any single test. Mathews, Miller and David®? at the Bell Tele-
phone Laboratories have carried out Fourier analyses of individual
pitch periods, obtaining measures of both the transfer function of
the vocal tract and the glottal excitation function. Pitch-synchronous
analysis has the virtue that results are directly comparable for a
wide range of voices without regard to their pitch. Pinson33, also
at the Bell Telephone Laboratories, has performed comparable
analyses by fitting a set of damped sinusoids to the speech waveform.
By using only the portion of the vocal cord cycle during which the
cords are closed, he obtained the transfer function for the vocal
tract uncontaminated by information about glottal excitation. Com-
puter methods for calculation of the volume velocity at the glottis
is being reported by Flanagan at this Congress.

When the speech spectrum rather than the speech waveform
is to be manipulated, the usual procedure is to use a bank of filters
or some form of real-time spectrum analyzer ahead of the computer
rather than to compute the analysis, primarily because such com-
putations are time consuming and therefore expensive. A recent



156 Cooper, Instrumental Methods for Research in Phonetics

example of spectrum manipulation by computer is the work of
Harris and Weiss®t of Columbia University and the Federal Scien-
tific Corporation who used a high-resolution, real-time spectrum
analyzer of the correlation type and an IBM 7090 computer. Their
programs yield information about the spectrum power, the ampli-
tudes and frequencies of the first three formants, and a short-time
average of the voice pitch derived from harmonic spacings. The
speech spectrum has been used by a number of workers as a basis
for speech recognition; in particular, the Forgies 33, working with the
TX-2 computer at Lincoln Laboratories, have made extensive studies
of the automatic recognition of individual phonemes. Sandra Pru-
zansky®®, at the Bell Telephone Laboratories, has used the method
of matching spectral patterns to achieve automatic talker recog-
nition; this was an extension of an earlier experiment by Denes and
Mathews®" on the recognition of spoken digits by pattern matching.

The simulation of devices rather than their construction is
another field in which computers can be especially useful. An
example is provided by Golden®, working with the IBM 7090 com-
puter at the Bell Telephone Laboratories, in simulating a voice-
excited vocoder. Although it required nearly 200 times as long to
compute the speech from the simulated vocoder as would have been
required by an actual device, the simulation was not only of high
quality, but also allowed a number of design changes to be tested
quickly without the cost of building and replacing equipment.
Another example, already cited, is the cepstrum pitch analyzer;
here, too, construction of the actual device would have been laborious
and costly.

The use of computers to control the operation of other devices
may require about the same peripheral equipment that is employed
in simulation. Nevertheless, there is a significant difference and some
of the most exciting prospects appear to lie in this area of application
to phonetic research. The reason is simple enough: by divorcing
the control function from the signal processing operation, it becomes
easier for the human experimenter to intervene directly in the
experiment. He can use a computer as a lively and tireless assistant,
as my colleagues and I plan to do with our Digital Speech Manipu-
lator, or he can guide the computer’s eager efforts by supplying an
element of judgment and direction. One example of the latter type
is the use by Denes® of a digital computer in recovering the glottal
pulse waveform by inverse filtering. The technique is essentially
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that used by AMiller and others®*~%!, but .witho.ut tI}e requiren.lent‘
for special equipment. Another application, hke_w1§e not Stl‘l('it.ly
dependent on a computer but making good use of it, is the fmaly sis-
by-synthesis procedure that will be discussed in a later section.

The preduction of speech directly from werds or phonervne
strings is another area in which computers ‘have an advantase l())\ er
analog methods in speed and facility. Various methods have be gn
described %, for generating speech by rules from dyads, from 1-f
phones, or from stored data in variou.s other for.ms. The ﬁrstt) 1'156 (1>
a general-purpose digital computer 1n generating speech A?Hrlile.
from a phonemic transcription was made l.)y Gerstman and’ c{ ly '
many of you have heard the famous soliloquy from Hamlet as

he IBM 7090. )

rend';rlfjseb;,r:: a few of the ways computers have been used in pr\oci
cessing speech information. The advantages have beenh stlreSS(

rather than the disadvantages, though there are some of the att'ero.
Computers are expensive, both n money and in progrnmnjtllr;:r
effort; also, for speech use, they are 11.kely to require more‘ant ba
accessories than might be supposed. Fmally,.they may prove to Cel
surprisingly slow in overall perform.ance despite the en?rmous hspee !
with which their internal transactions are conducted; speec (p}rlo
grams that run in real time are, as of today, the exception rather

than the rule. o .
The trend to computers is nevertheless real and significant;

indeed, an awareness of computer capabilities is becoming a minimal
b

requirement for following research in experimenzirtl'pho.netl'cs. T},llet
reasons for this trend were explained by Denes * in his pq?,er}:l
Helsinki on “The use of computers for ?e.STmrch in pho.netlcs‘ ‘ .h e
points out that, although extensive facilities are requlrec.l, these
le without the need for any electronic design
enter: that has been taken care of by t.he
designer of the computer. All the phonetician has to do is to wr1:)c;
down a series of instructions that embody the logical seqﬁe(rllcethe
steps that he wants to have carried out: the computer will do he
rest.”” In short, somebody else has done the work, insofar as equip
ment is concerned. Denes points out also the adYantage of plx;ogmr}?i;
ming over construction in allowing the e_xperlmenter to eetp s
attention more closely focussed on the logic of .the exper‘mcllc:n g
concludes, as I would, by saying: “...ther? is every 1n 1§at1(;n;
therefore, that the availability of computers 15 about to produc

facilities are availab
on the part of the experim
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profound change in the way in which the cxperimental phonetician
approaches his problems, in the range of cxperiments open to him
and in the kind of training he requires to enable him to carry out
his work.” I would add only that the course of rescarch over the
last three ycars bears out this prediction.

Emphasis on the Changing Configurations of the Vocal Tract

A concern with the shape of the vocal tract 1s certainly not new
in phonectics; ncvertheless, the resurgence of interest in this topic
is one of the significant trends in current rescarch. What is new is
not so much the arca of intercest as the rcasons for that interest. One
of these is the adoption as a working hypothesis of the idea that
speech perception is somehow closely linked to articulation. This
is entircly consistent with the view that sound spectrograms are so
uscful precisely because of an underlying relationship between the
articulatory sequences they display and the linguistic units of the
utterance. A second reason is the devclopment of a powerful new
method for studying speech.

The mcthod of analysis-by-synthesis as developed by Stevens and
his co-workers at MIT 4 was used initially as a means for locating
the formant frequencies of slowly-changing vocalic sounds by match-
ing the spectrum of the actual specch against a computed spectrum.
The computation makes use of variable parameters with constraints
set by a “resonance” model of spcech generation. Fig.3 illustrates
the analysis-by-synthesis procedure: the incoming speech infor-
mation (from a bank of filters) is held in temporary storage and
presented to the comparator as the input spectra. Computed spectra
arc also presented to the comparator; these are formed in the
spectrum generator by some strategy that will minimize the error
score, i.c., the difference between the two spectra. This strategy
may be carried out ecither by a computer or by a human observer
working from a cathode-ray display. The principal limitations
of the mcthod arc the adequacy of the model for speech production
(incorporated into the program of the spectrum generator) and the
strategy for minimizing errors, though the latter affects principally
the speed and level of automation that can be obtained.

The acoustical theory * implicit in the operation of the spectrum
gencrator treats the spectrum of the vocal tract output (in decibels)
as the sum of a source spectrum, a transfer function, and a radiation
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characteristic. Most of the spectrum variation, within- a given }(l:la-ss
of speech sounds, s assignable to the transfer funqaon which, in
the articulatory configuration and source
nasal vowel and vowel-like sounds, the
les, or resonances; for nasal and

turn, is determined by
location. In the case of non-

. . ly po
transfer function comprises only ! ‘ d
fricative sounds, the transfer function will have zeros, or anu

resonances, as well as poles. Thus, the analysis-by-S)nth‘esm tecil(;
nique based on the resonance modf:l for speech generatmndyle o
a description of the speech spectra in terms of the pole§ az zer

of the vocal tract transfer function (and 'als‘o oij ge.nerahze source
and radiation characteristics). The descnpuczn is, in eﬂ"ec.t, an ana-
lytic version of the sound spectrogram; ongoing arUCulatllon 151 ar;;
presented by movement of poles and zeros over the comp1 e:;i ? :

in the one case and by formant transiions and spectral shifts in

th ) - . -
the ?fhzrmethod can be extended, however, to deal with relationships

between spoken sound and vocal tract configuration, if use 1s made

of an “articulatory” model for the generation of the computted
spectra. The box marked strategyin the figure, or thehuman oPeiarz:;
must now provide information to the spectrum ger.lerator- in el

of cross-sectional areas of the vocal tract at successive points along

its length. The computation then proceeds in two stages. First, the
gth.
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poles and zeros of the transfer function are computed from the shape
of the acoustic tube, and second, the computed spectra are generated
from these pole-zero specifications. Both strategy and computation
are now more complex, but animportant advantage has been gained,
particularly for the consonant sounds with their more complicated
spectra. The articulatory configurations must change smoothly and
continuously in proceeding from vowel to consonant, whereas the
pole-zero configurations need not show comparable continuity.
Also, it seems reasonable to expect that the constraint on the shape
parameters, due to physical constraints on the organs of speech,
might be simpler than constraints that operate at the acoustic level.

It may be feasible to extend the general method of analysis-by-
synthesis still further to include a spectrum generator that makes
use of rules governing the generation of speech sounds in accordance
with a set of phonetic parameters “which are considered to be the
result of a set of neuromuscular instructions or excitations that
operate on the mechanical system consisting of lips, tongue, velum,
and so forth. It is hypothesized that, for a given speech sound,
these excitations assume a set of steady values, and jump discon-
tinuously from one set of values to another as the sequence of speech
sounds is generated. It is assumed that a unique set of excitations
is associated with each speech sound. Relations between the ex-
citations and the resulting articulatory motions are undoubtedly
not linear, but it is convenient to characterize the mechanical prop-
erties of the articulatory structures in an approximate manner by
a set of system functions?®.” Thus, it may eventually be possible
to arrange the strategy box so that its signals to the spectrum
generator (and to the outside world) are in the form of segmental
phonemes. The assumption implicit in this extrapolation from cur-
rent capabilities is that a simple relationship exists between the
shape of the tract, described in phonetic parameters, and the lin-
guistic units of the message. Whether or not this expectation is
realized, the power of the analysis-by-synthesis procedure more
than justifies the resurgence of interest in vocal tract configurations
and their relation to the speech that is produced.

The major instrumentation used thus far in analysis-by-synthesis
studies has been a filter bank, a general-purpose digital computer
and its peripheral cathode-ray display that permits the operator
to observe and control the spectrum matching operation.

An obvious further requirement in studying articulatory con-
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figurations is, of course, to obtain as direct information as possible
about events in the human vocal tract during speech. X-ray motion
pictures are a principal source of such information ¢, though high-
speed photography of the lips and of the vocal cords is also useful 7.
X-ray techniques were discussed at length in a review paper by the
Subtelneys at Helsinki, and their synchronization with speech and
spectrogram were described by Truby® at the same Congress. There
have been extensions in X-ray technology within the past few years,
primarily in the direction of higher frame rates and the use of
pulsed emission, both of which improve time resolution. Viewing
equipment that permits flickerless projection at very low frame
rates is extremely useful, though not new. The combination of high-
speed photography and speech stretching brings to slow-motion
projection the added dimension of synchronous sound.

We may note, at this point, not only a trend toward studies
of articulation, but also one away from an overriding concern with
relationships between acoustic signal per se and linguistic unit.
Undeniably, the acoustic signal must be heard to be understood,
and it is useful to characterize the sounds of speech by the acoustic
cues that ensure their recognition; nevertheless, the research trends
discussed here and in the following sections do reflect a shift in
emphasis from acoustic to articulatory aspects of the speech event.

Emphasis on the Perceptual Nature of Linguistic Units

The trend toward greater attention to the act of speaking is
due in considerable part to gains in our understanding of the per-
ceptual nature of linguistic units (at the level of phonemes or dis-
tinguishing features). The very special qualities of language, most
notably its exceptional efficiency as an acoustic signalling system,
are of course intimately bound up with a categorizing process that
reshapes and regroups incoming sound into discrete units of the
same kind as those that control the production of speech. Clearly
this categorizing process and the perceptual nature of the categorical
units themselves are of primary interest in understanding the re-
lationship of sound to language.

The nature of this relationship has been studied intensively.
One line of investigation, although it concerned itself initially with
acoustic cues for perception, was led by the experimental evidence
to a motor theory of speech perception. The involvement of motor
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reference in the pereeption of speech sounds, and the evidence for
i, was discussed in some detail by Liberman in 1957 and again in
196245 according to this theory, the pereeptual conversion of in-
coming sound stufl’ to linguistic units can, and often does, make use
ol the greater distinetiveness of the articulatory gestures that produce
the sounds than exists in the sounds per se. What concerns us here,
however, is not so much the theory, or the evidence for and against
it, as the questions it poses about the nature of linguistic units and
the rationale it provides for certain kinds of experiments.

Much of the rescarch on the pereeptual nature of linguistic
units is concerned with their distinetiveness and with the differences
in distinctiveness of dillerent classes of units. It has been found, for
example, that the stop consonants are pereeived in a highly cate-
gorical manner, which is roughly equivalent to saying that even
when the sound stimulus differs substantially from the “norm™ a
listener will still hear the same phoneme and may, indeed, be unable
even to detect the deviation, The situation with vowels is quite
different: the listener readily deteets small differences in the acoustic
signal but his identifications of deviant stimuli are less sure and are
strongly influenced by context®, It may be noted in passing that
this marked difference in the pereeptual nature of vowels and conso-
nants could have been predicted from the theory, The line of in-
vestigation indicated here is currently a very active one and it seems
likely to lead to additional insights into same of the fundamental
problems of phonologyt, As to techniques and instrumentation,
this kind o rescarch ditters from much that has been discussed thus
far in not being instrument-bound; rather, a wide variety of tech-
niques i3 cmployed. The principal instrumental requirements are
speech synthesizers tor the production of controlled test stimuli and
devices for measuring reaction time and muscle activity.

Emphasis on Newremascular Aspects of Speech Gestures

The hypothesis that speech perception is somchow  closely
related to articulation has served o motivate research on neuro-
nuscular aspeets of speech gestures, just as ithas prompted increased
atention to the changing configurations of the vocal tract. Are
these essentially the same approach, or is there a significant ditter-
ence? Certainly they are related, since muscle contractions and
cavity shapes stand to cach other as cause to etfeet; but muscle
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contractions, being the prior events, may stand in the more direct
relation to linguistic units. Thus, the sequence of events in pro-
duction, which presumably starts with the intended message organ-
ized in appropriate linguistic units, proceeds b'y successive trans-
formations of the message into motor command S{gnals on the neural
pathways to the articulators, then into contractions o.f selected sets
of muscles in suitable time patterns, then into the ar.tlculatory con-
figurations caused by these contractions, and finally 1r.1t0 the streafﬁ
of sounds that we call speech. Each of these conversions blurs sti
further the relationship with the initial linguistic units of the message.
The encoding of motor commands into shapes and movements 18
an especially complex transformation bec.ause of the constramts'
inherent in the bone-and-muscle mechanism of the voca'l tr‘act,
since the motor commands operate ahead of these comphcatlvons,
they escape this kind of recoding. Hence, of all the speech ew:;tj
— acoustic signal, articulatory shape, or neuromotor comman .
about which we can reasonably expect to collect 1nformat1'on, the
neural commands to the articulators would seem to pr(')ndc; t}}ie
simplest relationship to the intended and perceived units ol the
ase. . .
mess’%ii experimental objective, therefore,'is to get a descnp?c())rri
of speech in terms of motor command§ or, since muscle con;rac i !
follows so directly from neural signal, in terms of patterns o muscle
contractions and their relation to the phonemes (or dxsu.ngulshmjg
features) of the message. The total pattern of contr%cté?n‘s n:ao\r;
however, contain much thatis irrelevant to the phonemic distincti )
so that the task, put more sharply, is to .se(.ek for thoss cornponlen
parts of the total gesture, the “characteristic gestures”, that relate
st directly to linguistic units®2.
nlObt'f(;llée:xl;erimenTal procedure depends primz?\rily'on electrom?':&
graphy, i.e., on the fact that muscle contraction 1 accom%am ¢
by electrical signals that can be collected. by putting electrf) es (})1
the surface of the face or tongue, or inseftmg small need}es into ; e
muscles. Although electromyography gives the most direct 1—r}11 or-
mation about muscle activity, other techniques are valuable w .Sn-.
ever reliable inferences can be drawn from the data th.ey provi ;.
pressure measurements both above and below tht? glottis, }lsmgb(t) i
procedures developed by Ladefoged® give valuable mformanona I;ld
the timing of occlusions and releases; fhroat rmcrop(lluones bao <
equipment for transillumination* both yield valuable data a
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activity at the glottis; X-rays, particularly in slow motion with
synchronous sound, can be helpful in suggesting electrode place-
ments; and sound spectrograms can serve as a guide in planning
experiments and as a check on inferences drawn from other data.

The instrumentation for research of this kind is mostly con-
ventional though some of it must be designed for the specific task.
It may be useful to describe the facilities developed at the Haskins
Laboratories in starting this field of research 52, One of the first,
and most troublesome, problems was to devise an electrode system
that could be used inside the mouth and on the tongue, as well as
on the face. A solution was found in the use of the small suction cup
electrodes shown in Fig.4. The electrode is hemispherical, about

Fig. 4. Suction cup electrodes used in studies of muscle contraction by surface electro-
myography.
6 mm in diameter, and connected to a brass plug by a flexible plastic
tube about 50 cm long. A thin steel wire threaded through the tube
provides electrical connection to the plug, which can be inserted
into a manifold that applies vacuum to all the electrodes as well as
electrical connection from each electrode to its own preamplifier.
The preamplifiers are commercial units designed for low noise, high
common-mode rejection and high amplification. The system, shown
diagrammatically in Fig. 5, includes eight electromyographic chan-
nels and eight other channels for varied uses. Each channel has
additional amplification and facilities for monitoring signal levels
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Fig. 5. Diagram of equipment and procedures for physiological studies of speech
articulation. Data collection is indicated on the left of the central dashed line and
data processing on the right.

during an experiment. At present, the non-myographic channels
are used for a conventional microphone signal, a throat microphone,
two pressure transducers, two digital signals for timing and identi-
fication of events, a pre-recorded sequence of utterances used to
guide the subject’s productions, and a microphone for comments
by the experimenter. All sixteen channels are recorded on 1 inch
magnetic tape as the experiment proceeds; parallel use is made of
an 8-channel pen recorder, primarily to monitor the signals from
electrodes and throat microphone. After the experimental session
has been concluded, the monitoring amplifiers and pen recorders
can be used to transcribe the experimental data and the event codes
from the magnetic tape. Thus far, data reduction has all been done
by hand methods — a slow and laborious procedure. Arrangements
are almost complete to shift this burden to a small computer which
will read the data directly from the magnetic tape and, with the
aid of event codes and clock signals, sort and process it. The experi-
menter can control the operation by prior examination of the pen
traces or by observing a cathode-ray display of the data as it arrives
at the computer.

The trend toward physiological problems and methods in re-
search on phonetics is not, of course, limited to work aimed primarily
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at a motor command description of speech production and per-
ception. Ladefoged ¢ and his co-workers at the University of California
are following up the work reported at Helsinki and elsewhere on
subglottal activity during speech with an extensive program aimed
at describing and quantifying not only subglottal events in speech
production but activities of the entire vocal tract. X-ray methods
have been used to obtain parameters of characteristic lip positions
in American English vowels, and analog models of the vocal tract
are under construction. Philip Lieberman®, at the Air Force Cam-
bridge Research Laboratory, has combined techniques for high-
speed photography of the glottis, waveform recording on the high-
speed film, and computer-aided processing of the pictures to conduct
several studies of vocal cord function. André Malecot®, at the Uni-
versity of Pennsylvania, has developed some very ingenious equip-
ment with which to test the ability of subjects to estimate intraoral
pressures such as they themselves might generate in producing stop
consonants. This bears, of course, on the question of whether or
not direct awareness of such pressure differences as exist between
fortis and lenis productions could provide a speaker with usable
feedback information about his productions. The apparatus trans-
mits pressure pulses of controlled magnitude and duration to the
subject’s mouth or to pressure plates at lips or palate. Mention has
been made already of methods for transilluminating the glottis3*;
in the main, these require an open-mouth position, but it seems
likely that extensions of this technique to running speech will soon
be possible. A recent article by Kozhevnikov et al.%® on instrumentation
for phonetic research includes a description of an artificial palate
with a number of electrodes that permit a running characterization
of the patterns of tongue contact.

A substantial part of the physiological research on speech is,
of course, medically oriented, especially to the problems of cleft-
palate speech®. Several X-ray installations designed primarily for
speech research are now available in the United States; in Sweden
there is the excellent facility at the Wenner-Gren Foundation origi-
nally adapted to speech research by Truby and used by him for
studies of the vocalization of infants.

Summary

In summary, this discussion of instrumental methods for research
in phonetics has attempted, first of all, to report the principal new

Cooper, Instrumental Methods for Research in Phonetics 167

instruments and techniques that have appeared since the Helsinki
Congress three years ago. There were not many, though the tempo
of development in related fields such as the bandwidth compression
of voice signals suggests that some new tools for phonetic research
may be expected soon.

The discussion then turned — or was bent — to the broader
topic of the directions in which phonetic research is moving. It
seems to this reviewer that some changes have occurred within the
last few years and that they and the reasons for them are significant.
One such trend is toward a major role for computers in many phases
of research on phonetics, not because computers generate exciting
new ideas, but simply because they are versatile, fast, and ready
to be used on problems that were heretofore unapproachable.

The other trends for which significance was claimed depend
less on new technology than onideas about the nature of phonologict?l
units. Because these units depend on perceptual operations for their
very existence as categorical entities, the linktﬂge of pcrception. to
speaking or to listening is a crucial one. The idea that perception
may be closely tied to the act of speaking reprgsents somethmg of
a departure from the views that guided phonetic reseax:ch during
the 1950%. It carries with it the implication that there is a better
chance of finding one-to-one relationships between the things one
measures and the atomic units of language when working with
articulation than when working with the acoustic signal. But
measures of articulation can be either in terms of the shape of the
vocal tract or of the neuromotor commands that control .it. The
latter are upstream with respect to the complex transforn.mtlon that
relates command to shape, and so may provide the simpler de-
scription — though quite possibly the ideal of a one-to-one corre-
spondence may not be realizable short of the central nervous
system. ' ‘

So much for motivations. The consequence, in some lzlbf)r;ltOI‘les
at least, has been a shiftin emphasis toward studies of the artlcul.atory
process by various means: notably, by the method of ana1y51s-b¥-
synthesis; by the use of X-ray movies; by the methods of experi-
mental psychology applied to the perceptual nature of cor.lsonz}nts
and vowels; and by electromyographic and other physiological
measures of speech gestures. .

It is yet too early to exhibit the results of these lines of research
and thereby to demonstrate their significance but, by the same




168

Cooper, Instrumental Methods for Research in Phonetics

token, your reviewer is not yet subject to the full penalties for false
prophecy.
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Junecture*

By Irse Leniste, Columbus

1. Introduction

The following report is concerned with juncture, which for the
purposes of this paper is defined as a phonologically manifested
boundary. A search for boundary signals implies the existence of
certain linguistic units, whose boundaries may then be signalled by
features associated with the term juncture. These linguistic units
may be determined according to some non-phonological (i.e. gram-
matical) criteria, and the investigation may then be focussed on dis-
covering the phonological manifestations that may accompany the
grammatical boundaries. On the other hand, some recurrent phono-
logical features may be observed without reference to the non-
phonological structuring of the utterance; these features may suggest
the presence of a boundary, and the units bounded by such junc-
tures may be investigated in order to determine whether they
constitute some linguistically significant building blocks of speech.

* This research has been supported by the National Science Foundation of the
United States of America.

11 have considered various aspects of this problem in An Acoustic-Phonetic Study of
Internal Open Juncture (s. Lit. 15). That publication also contains a bibliography of books
and articles dealing with the problem of juncture. Lack of space makes it all but im-
possible to do full justice here to the work of all scholars who have concerned themselves
with some aspect of this question. This is even more true with regard to the two language
areas — I'inno-Ugric and Slavic — from which the specific examples have been drawn that
are discussed in the present paper. Since my primary aim was to present a research
report, I have reluctantly decided to omit a critical discussion of previously expressed
views concerning juncture, and not to attempt an exhaustive coverage of the relevant
literature. The short bibliography presented at the end of this paper contains three types
of materials. Certain of the references deal with the problem of boundary signals, especial-
ly at word level. A few references are included for each of the languages considered in

Lehiste, Juncture 173

In two previous papers I have presented the view that there
exists a relationship between units of the grammatical and phono-
logical hierarchies, in which one may condition the other, but both
have some degree of independence 2. In this paper I shall discuss the
phonological manifestation of boundaries between word-level units,
and suprasegmental patterns characterizing such units. The specific
examples are taken from Finnish, Czech, and Serbocroatian. The
discussion is based on information obtained by acoustic-phonetic
methods; distributional boundary signals are left out of consider-
ation, although they may — and often do — constitute important
criteria for the presence of a boundary. Spectrographic analysis of
recorded test utterances constitutes the main research technique?.
Most of the tapes have also been processed through a circuit de-
signed to measure speech power*. The interpretation of intensity
curves and oscillograms forms an important, although as yet in-
complete, part of the investigation®.

2. Units and their Boundaries in Finnish

During an acoustic-phonetic study of Finnish, a number of
acoustic features was discovered to be associated with syllable

this paper; their selection was partly determined by the bibliographical information
which they contain. Since the present paper constitutes a partial report of a series of
studies in which I have been engaged for some time, occasional references are necessary
to such earlier publications of which the current paper forms a continuation; these
publications are likewise included in the bibliography.

2 The relationship between syllable boundaries and morpheme boundaries was
considered in “Acoustic studies of boundary signals” (Lit. 16). Some questions concern-
ing word boundaries were brought up in “Compounding as a phonological process”
(Lit. 17).

3 Broad-band and narrow-band spectrograms were produced on the two Bell Tele-
phone Laboratories’ Model D spectrographs available at The Communication Sciences
Laboratory of The University of Michigan, where most of the experimental work con-
nected with this research was performed.

4 The intensity circuit was designed and built in The Communication Sciences
Laboratory by G. E. Peterson and N. P. McKinney. The signals were displayed on a multi-
channel Model 1108 Visicorder Oscillograph of the Minneapolis Honeywell Regulator
Company. Measurement techniques employed in this and earlier studies are described in
Accent in Serbocroatian: An Experimental Study (Lit. 18, pp. 2-12).

s The contribution of intensity toward establishing suprasegmental patterns charac-
terizing phonological units is difficult to define. Intensity is often associated with stress,
and differences in stress may indeed be expected to be accompanied by differences in
intensity, all other factors being kept constant. The acoustic correlates of stress, however,
are complex;; the role of intensity as one of these correlates appears to be different in each
of the three languages under consideration.
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boundarics and word boundarics. Some of these will be discussed
belows.

There are numcrous compound words in Finnish in which the
first word ends in a vowel and the sccond begins with a vowel. In
many instances the same V4-V scquence may occur in otherwise
similar noncompound words; in most cases the V4V sequence then
contains a syllable boundary. (The word pair lintuansa — lintu-ansa
may serve as an example.) In instances such as these, differences
between the manifestations of the V4V sequence may be inter-
preted as signals of the presence of a word boundary. The test
material analyzed in the course of the study contained 86 words of
this type. The description of the boundary signals is based on pro-
ductions of these pairs by all informants, although illustrations can
be presented and actual measurements reported for only some of the
speakers. ‘

The phonetic quality of the second vowel in the V4V sequence
was found to depend to a considerable degree on the presence or
absence of a word boundary. Figure 1 presents an acoustical vowel
diagram for certain of the vowels produced by speaker J.P. in words
belonging to this type. On the diagram, the outer quadrangle (the
solid line) connects points representing the average formant posi-
tions of the vowels /i 4 a u/ occurring in the second position of a
V-4V sequence in instances in which the second vowel started the
first syllable of the sccond element of a compound; the inner
quadrangle (the dashed line) connects points representing the aver-
age formant positions of the same vowels in analogous position in
noncompound words. As may be seen from the vowel diagram, the
positions of the vowels occurring in noncompounds are considerably
closer to the center of the acoustical vowel diagram than the posi-
tions of the same vowels occurring in noncompound words. The

¢ The data presented here are taken from an extensive study of boundary signals in
Finnish, which will be reported in a forthcoming joint publication with Kalevi K. 117ik.
In this study, the basic patterns were first established by studying the speech of several
main informants; the generality of the patterns was determined by the study of smaller
samples of utterances by a larger group of informants. Six main informants recorded
from 567 to 1674 test utterances cach, averaging 1000 utterances per informant. A re-
stricted list of 118 test sentences was also recorded by seven informants each at the
phonctics laboratorics of Turku and Jyviaskyld universities, and by four informants at the
University of Helsinki. Several supplementary experiments were designed and carried
out in order to follow up some hypotheses formulated on the basis of preliminary findings.
Listening tests are being carried through to test the reaction of native listeners to the dis-
covered boundary signals.
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Fig. 1. Acoustical vowel diagram of four vowels occurring in Finnish test words produced

by J.P. The solid line connects points representing vowels occurring in word-initial

position in the second component of compound words; the dashed line connects points
representing vowels occurring in analogous position in noncompound words.

occurrence of a reduced vowel indicates that no word boundary is
present, while the occurrence of a non-reduced vowel serves as one
of the phonetic features signalling the presence of the boundary.

A further cue to the presence of a word boundary in such
sequences appears in the duration of the segments. The sequence
V4V had a longer second component, if the second vowel started
the next word. If the second word began with a closed syllable (asin
the pair lintuansa — lintu-ansa), the additional duration was shared by
the consonant closing the syllable. In the test materials recorded by
speakers K-K.W. and J.P., the lengthening of the postjunctural
vowel added an average of 4 centiseconds to the duration of the
vowel, and 3 centiseconds to the consonant. The two speakers differ-
ed with respect to the effect of a following juncture on the vowel pre-
ceding the juncture. In utterances produced by J.P., the duration
of the prejunctural vowel showed an average increase of 2.5 centi-
seconds, while K-K.W. had a negligible 0.5 centisecond addition.

A third clue to the presence of a word boundary consisted of the
insertion of a brief period of laryngealization or a short glottal stop
in cases where a word boundary occurred between two vowels. Such
periods of laryngealization were also observed at word boundaries
at other points in the utterances, not only setting off the test words
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in the frame, The glottal stop or laryngealization was likewise
observed when the placement of a word boundary contradicted the
expeeted syllabification pattern in sequences containing an inter-
vocalic consonant. The period of laryngealization was particularly
prominent in a subtype of test words involving a contrast between a
long vowel and a sequence of two identical vowels containing a
word boundary.
Figure 2 contains broad-band spectrograms of the pair lintuansa
lintu-ansa, spoken by informant S-L.K.; pyryilta ~ pyry-ilta, spoken
by P.K.; asiasta — esi-aste, spoken by J.P.; and rantautua — ranta-utua,
produced by O.1. The feature of laryngealization is clearly obscrva-
ble in all pairs except the last; however, the difference between the
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Fig.2. Broad-band spectragrams of four pairs of Finnish test words. differing in the
presence or absence of a word boundary. The utterances were produced by informants
S-LK..P.K.,J.P,and O.I
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two /a/ + [u/ sequences as to length and phonetic quality is especial-
ly clear in this case. The increased duration of the vowels starting
the second word of the compounds as well as of the consonants
following these vowels is easily noticeable in every instance.

In this first set of words, the presence of a word boundary
contrasted with the absence of a word boundary. The test materials
were designed to contain twenty words representing a different type
of contrast. In this case, both test words were compounds, i.e. both
contained a word boundary, but the compound words differed in
the placement of the boundary. In a V4 C—+V sequence of this
kind, the consonant may either end the first word (if it is one of the
dentals /s t n r 1/) or begin the next word. In Finnish, a syllable
boundary ordinarily occurs before an intervocalic consonant. When
the word boundary placement contradicted the expected syllabifi-
cation pattern, the boundary was usually manifested by a period of
laryngealization or by a glottal stop. When the second word began
with a consonant, no laryngealization was observed.

Since the consonant involved in such V-+4C+4V sequences was
frequently a nasal, a special experiment was conducted to study the
effect of the placement of the word boundary upon the nasalization
of the preceding and following vowel. Two informants (K-K.W.
and K-A.W.) participated in the experiment, which involved the
use of an oral and a nasal microphone, a two-channel tape recorder,
and a multi-channel Visicorder oscillograph connected to a special
speech power measuring circuit (cf. footnote 4). Each informant
produced 95 frame utterances.

When the nasal consonant started the word, progressive nasal-
ization of the vowel following the nasal consonant was always
present. There was no appreciable anticipatory nasalization before
a word-final nasal. When a word boundary occurred between a
word ending in a nasal and one beginning with a vowel, progressive
nasalization was not observed. Figure 3 shows oscillograms and
intensity curves for the pairs maa-nisikds — maan-isié and puu-nelio —
puun-elig, produced by informant K-K.W. The oscillograms marked
with O represent the signal from the oral microphone; the oscillo-
grams marked N show the simultaneous output from the nasal
microphone; the intensity graph corresponds to the nasal oscillo-
gram. The test words were produced in the frame Afita. . . . tarkoittaa;
the first word of the frame thus offers additional evidence of the
effect of a nasal on the following vowel. A comparison of the two
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Fig.3. Oscillograms and intensity curves of two pairs of Finnish test words uttered by
K-K.W. Curves labeled N show the output from a nasal microphone, the oscillograms
labeled O represent the output of an oral microphone.

oscillograms of each utterance shows the nasalization of the /i/ in
mitd and the lack of nasalization of [4/, regardless of whether the
next word began with /m/ or with /p/. The /a/ in maa was nasalized
in both cases, while /u/ in puu showed only a slight increase of the
intensity of the nasal trace toward the end of its duration. The vowels
[i/ in nisdkds and [e] in neli¢ were fully nasalized, whereas only a very
slight degree of nasalization was present in isé and elig. The oral
oscillograms also suggest the presence of a period with reduced and
irregular vocal fold activity before the onset of isi and elis.

The boundary signals discussed thus far include differences in
phonetic quality, segmental duration, vocal fold activity, and nasal-
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ization. All of these serve to establish a word boundary. The study
of Finnish also revealed some patterns that scrve to identify the
units themselves between which those boundaries were observed.
These patterns are predominantly of a suprasegmental nature.

Two contrastive degrees of quantity occur in Finnish. The
duration of vowels is either phonemically short or phonemically
long in every syllable of a word, while consonant quantity is con-
trastive in intervocalic position. In the speech of informants from
Southwest Finland (a considerable number of the informants came
from Turku), the realization of a phonemically short vowel in a non-
first syllable depended on the nature of the preceding syllable. After
a long initial syllable, the durations of short vowels fell within the
duration range of stressed short vowels; after a short initial syllable,
the duration of the phonemically short vowel was phonetically
intermediate between the durations of stressed short and long
vowels. The phonetic manifestation of the phonemic quantity of the
vowel of the second syllable thus depends on the quantity of the first
syllable, and the relationship between the durations of the succes-
sive syllables constitutes a unifying pattern that is part of the phono-
logical structure of a word?.

The duration of the vowels in a number of words of different
types was investigated. Table I presents the average durations, in
centiseconds, of the vowels occurring in words belonging to nine
word types, contained in the test materials produced by K-K.W.
The half-long vowel may be observed in the second syllable of every
word whose first two syllables have the CV.CV pattern. The table
reveals further that the same quantity ratio prevails, when the
CV.CV sequence occurs as third and fourth syllable in a poly-
syllabic word. In essence, the Finnish words appear to be construct-
ed of units larger than one syllable: all words consisting of more
than three syllables seem to be built of dissyllabic or trisyllabic
components, whose quantity patterns are similar to those of dis-
syllabic or trisyllabic words. A four-syllable word of the type ex-

7 The occurrence of a half-long vowel in the syllable following an initial short
syllable is a feature Southwestern Finnish shares with Estonian. In Estonian, however,
the development of suprasegmental patterns characterizing words as phonological units
appears to have proceeded farther than in Finnish: the quantity of the vowel of a non-
first syllable is not independently variable, but depends entirely upon the quantity of the
first syllable (the problem is discussed, and earlier literature cited, in Segmental and
syllabic quantity in Estonian, Lit. 14, pp. 21-82). The relatively greater importance of the
phonological manifestation of units rather than their boundaries is also reflected in the
absence of laryngealization or a glottal stop as a boundary signal in Estonian.
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Table I

Average durations, in centiseconds, of vowels in nine Finnish word types produced by

K-K.W. In the formulae representing word types, C and V symbolize consonants and

vowels; a period is used to indicate syllable boundaries. A representative word is given

below each formula. The duration of the syllable-final consonant is included in the two
syllables with a CV'C structure. N = number of occurrences.

Word type N Duration of vowels in successive syllables
1 2 3 4 5
CvV.cv 44 8.2 12.4
tuli
CVV.CvV 64 19.7 7.4
tuuli
CVC.CcvV 10 9.5+11.3 7.8
vasta
CV.CVV 25 8.9 27.8
salaa
CVV.CVV 23 23.3 25.8
tienoo
CV.CV.CcV 9 8.0 12.6 7.9
manala
CV.CV.Cv.cvV 11 8.2 11.5 8.2 11.5
manalana
CV.CV.CvV.cv.cv 18 7.4 10.7 8.4 11.6 6.9
lakananani
CV.CV.CvV.cvC.cv 10 7.8 10.6 8.4 9.94+11.8 7.0
lakananansa

emplified by manalana consists of two GV.CV units; words of the
type lakananani consist of a CV.CV unit and a CV.CV.CV unit;
and words of the type lakananansa consist of a CV.CV.CV unit and a
CVC.CV unit (type vasta). In the last two word types, the duration
of the consonant in the CVC syllable is included in the table. The
quantity relationships between successive syllables serve not only to
establish word patterns, but also to subdivide words into phono-
logical components that are intermediate between a syllable and a
word 8. No immediate connection between these intermediate units
and the morphological structure of the words could be established.

8 Finnish words are traditionally stated to be stressed on the first syllable; in words
of the CV.CV.CV.CV type, secondary stress is assumed to fall on the third syllable.
Intensity curves of such Finnish words showed that the intensity of the second syllable
of the first CV.CV unit was higher than that of the first syllable of the following CV.CV
unit. All listeners, however, agreed that the second syllable was unstressed, while the
third syllable (the first syllable of the second CV.CV unit) carried secondary stress. The
fundamental frequency of nonfirst syllables in words of this type was usually more or less
level. The unstressed second syllable was thus longer and had greater intensity than the
stressed third syllable, while fundamental frequency failed to differentiate between the
two syllables. The suprasegmental features associated with a single syllable evidently lose
their individual significance when they become part of a higher-level pattern.
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3. Some Boundary Signals in Czech

It was found in Finnish that the suprasegmental feature of
quantity contributed both to identifying the segments immediately
adjacent to a word boundary, and to the establishment of the phono-
logical structure of the units themselves which were set off by the
boundaries. The use of a modification in the phonatory pattern
(laryngealization or a glottal stop) as a manifestation of a word
boundary was quite general when the boundary occurred in a
V4V sequence. In Finnish, vowel quantity is significant in any
syllable of the word; the use of a glottal stop as a boundary marker
may therefore be conditioned by the need to provide a point of
reference for establishing the phonemic durations of the vowels in
prejunctural and postjunctural position. As the Finnish example
shows, the use of laryngealization (or other phonatory modification)
need not imply the lack of a unifying pattern that could serve to
identify phonological units. It appeared interesting to investigate a
Jlanguage with a somewhat similar segmental quantity structure to
discover whether this type of boundary signal was indeed present
with a comparable relative prominence as in Finnish, and to estab-
lish whether quantity contributes in a similar manner to the estab-
lishment of word patterns.

The phonological structure of Czech is similar to that of Finnish
with respect to stress and quantity: words are stressed on the first
syllable, and contrastively short and long vowels may occur in every
syllable. Czech has two syllabic consonants, [1] and [r], that donot
share in the long-short opposition. A brief study was designed to
determine whether the boundary in a V-4V sequence would be
signalled with equal consistency in cases where the first element of
the sequence (i.e. the last syllabic sound of the word preceding the
juncture) is a syllabic consonant, whose duration is clearly non-
contrastive and need not be signalled. A comparison of syllabic and
nonsyllabic /l/ and /r/ in the same position might also contribute
some information about syllabicity®.

The Czech materials analyzed in this connection consist of a set
of 32 phrases, in which syllabic and nonsyllabic /[l/ and [r/ are
followed, in identical consonantal environment, by the four vowels
/a 0 u @i/ that may occur in word-initial position. The sequences also

® The Czech materials have been produced and analyzed in collaboration with
Ladislav Matejka. More details will be presented in a separate publication.
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eight different occurrences. In the table, durations are given in
centiseconds, intensities in decibels relative to an arbitrary, but
constant reference level, and formant frequencies in cycles per
second. In the case of [r/, the intensity measurements were made
from the peak intensities of the vocalic portions between the indi-
vidual tongue-tip closures; the formant frequencies were measured
for the same segments from broad-band spectrograms. The symbol
V stands for the vowels /a 0 u G/; in row 15 the values for occur-
rences of [G/ are given separately. In rows 3 and 10, the duration of
the release of /t/ is repeated from row 2.

Although the duration of syllabic /l/ and /r/ in the sequences
tl + Vp and tr 4 Vp is not contrastive, each occurrence of these se-
quences was found to contain a separate boundary segment (cf.
row 8 of table II and figure 4). This boundary segment, like the
segment found in Finnish utterances in analogous environments,
evidently represents the acoustic correlate of a modification of the
activity of the vocal folds. In traditional descriptions, the boundary
segment is often referred to as a glottal stop. Since a glottal stop by
definition implies absence of any airflow through the glottis, the
intensity may be expected to drop to zero during the segment identi-
fied as a glottal stop. Only four such segments were observed in the
16 instances described here. In the other twelve cases, the boundary
segment was realized as a period of irregular or breathy phonation
or as a voiceless vocoid, acoustically manifested as a period of noise
with energy concentrations at approximately the formant positions
of the following vowel. The feature common to all these manifesta-
tions was a decrease in intensity of approximately 10 db from the
level of a preceding syllabic /1] and approximately 18 db in the case
of /r/ (cf. rows 4 and 9 of the table).

The sequences #/ 4 Vp and tr + Vp in which the boundary seg-
ment occurred contained a syllabic consonant followed by a vowel
A syllabic consonant may occur either between two nonsyllabic
consonants or before a word boundary. In the sequences referred to’
here, either the syllabicity of the prejunctural /r/ and /1/ or the pres-
ence of the word boundary must be indicated. If the syllabicity is
manifested within the segments themselves, the presence of a word
boundary may be deduced from the syllabicity of the prejunctural
consonants; if the word boundary is phonetically manifested, the
syllabicity of word-final /I/ and /r/ may be deduced from the pres-
ence of the juncture. However, in these sequences the boundary
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segment may also serve to provide a point of reference for the
phonemically significant duration of the postjunctural vowel. This
seems indeed to be the case, since a separate boundary segment was

never found in the sequences # + [I’p and tr + 7Vp. The lack of a

separate boundary segment in sequences of this type implies also
that either the syllabicity of the word-final manifestations of /1/ and

[r] or the lack of syllabicity of word-initial /l/ and /r/ must be

phonetically signalled by some other means. The presence or ab-
sence of syllabicity may be manifested during the segments them-
selves, or boundary signals of a different type may be present.

In actual manifestations of these sequences, it was in fact
possible to establish the approximate point in time at which the
first member of the sequence (i.e. the syllabic consonant) was
followed by the second member of the sequence (the nonsyllabic
consonant). In almost every instance, a change in the resonance
patterns could be observed on broad-band spectrograms. The in-
tensity curves showed a slight drop in intensity in the transition from
syllabic /1] to nonsyllabic [/, and a rather considerable decrease in
intensity in the case of /r/. Some characteristics of syllabicity were
also associated with the segments themselves. In general, syllabic
/1/ and /r/ were found to be longer than their nonsyllabic counter-
parts: the average duration of syllabic /1/ and /r/ was approximately
10.7 csec (including the release of the preceding consonant), that of
nonsyllabic /1/ and [r/ — 7.5 csec. The intensity of syllabic /If and /r/
was also somewhat higher than the intensity of nonsyllabic /l/ and
[t/ (cf. rows 4 and 11 in the table). The average F, positions for
both syllabic /l/ and syllabic /r/ were approximately 150 cps higher
than for nonsyllabic /I/ and /r/ (cf. rows 6 and 13 in the table).

The manifestation of the boundary was less obvious in those
cases in which the word boundary was either preceded or followed
by a single consonant (cf. columns 2, 3, 6, and 7 in the table). In the
sequences ¢ + {Vp and ¢ + rVp a longer release of the word-final [t/
might be expected than in those cases where [t/ is not followed by a
word boundary. The average durations of the [t/ releases, given in
row 2 of the table, show no significant differences between the differ-
ent positions. Neither the duration of the release nor the presence or
absence of a voiceless aspiration seemed to function as a boundary
signal. A small, but rather regular difference was observed between
the durations of initial consonants as compared to medial or final
occurrences of the same consonants: initial consonants tended to be

16 Phonetica, Kongre3
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somewhat longer. Thus /l/ and [t/ were longer in initial position (cf.
row 10, columns 3, 4, 7, and 8) than when they occurred medially
(cf. row 10, columns 2 and 6), although they did not quite reach the
duration of syllabic /I/ and /r/ (cf. row 3).

The intensities of the vowels preceding and following the bounda-
Ty appeared to contribute but little to the establishment of the
boundaries. The most remarkable feature was the relatively low
intensity observed in word-initial vowels following the boundary
segment (cf. row 16, columns 1 and 5 and the other occurrences). A
possible reason for this low intensity is the modification of the phona-
tory activity associated with the boundary segment immediately
preceding these vowels. The contribution of intensity toward identi-
fying the stressed vowel (i.e. the vowel of the first syllable of a word)
1s not obvious from these data.

A comparison of V4V sequences for the contrastive presence of
syllable boundaries and word boundaries is less fruitful in Czech
than in Finnish, since compounds of words ending and beginning in
a vowel are rare. Some comparisons were nevertheless carried
through between words containing the diphthong jou/ and se-
quences of fo/ + /u/ containing a word boundary. Fourteen such
utterances were recorded twice by each informant, as well as two
compound words containing the same [o/ + [u/ sequence. Figure 5
illustrates the materials and the manifestations of these sequences.
The figure contains continuous intensity curves and oscillograms
for productions of mouka, kradmo ukazuje, and prooicta by speaker
L.M. The consonant environment was kept constant for pairs of the
kind represented by the first two items.

The boundary segment that appears in the production of kradmo
ukazuje was present in every such sequence. The average duration
of this segment was 5.3 csec. In one out of 14 cases, the segment was
manifested as a glottal stop. In the remaining instances the segment
was characterized by breathy and irregular phonation, accompanied
by a drop in intensity to an average level of 29.2 db from an average
of 46.3 db for o/, 41.9 for ju/, or approximately 15 db. The phonetic
nature of the boundary segment observed in these sequences was in

every respect similar to that observed in sequences involving syllabic
consonants followed by words beginning with a vowel.

The peak intensities of the vowels in the o/ + [u/ sequence
could be established with less difficulty than the intensities of the
two components of the diphthong /ou/, where the changes in in-
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Fig. 5. Continuous intensity curves and oscillograms of three Czech utterances produced
by speaker L.M.

tensity were more gradual. However, as may be seen from the re-
production of the intensity curve and the oscillogram of mouka, t}%e
boundary between the two components can be observed and. their
durations established with fair accuracy. The average duration of
14 productions of the diphthong /ou/ in such words as mouka was
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19.5 csec, of which the duration of the first component constituted
approximately 9 csec, that of the second 10.5 csec. The average
duration of the total Jo/ + /u/ sequence, including that of the
boundary segment, was 18.2 csec; the duration of /o] was 5.8 csec,
that of the boundary segment 5.3 csec, and that of /u/ 7.1 csec.
Since the second component of Jou/ was longer than the first by an
approximately cqual amount, the greater length of /u/ here does not
contribute to the boundary signals.

The two compounds presented an intermediate pattern. The
number of examples is clearly too small for any valid conclusions;
it is nevertheless interesting to note that a breathy period, with a
corresponding drop in intensity, was present in three out of four
instances. However, the average decrease in intensity in compounds
such as prooticta was only 7.3 db, or about half of that of sequences
like kradmo ukazuje. The smooth intensity curve characteristic of the
diphthong /ou/ was never obscrved in manifestations of compound
words of this type.

The Czech materials thus have yielded evidence for the system-
atic use of a special segment as boundary marker. A word boundary
between two syllabic sounds was manifested by a modification of
the phonatory process even in cases where there was no need to
indicate the phonemic length of the prejunctural sound. In Finnish,
the presence of this type of boundary signal was accompanied by
various qualitative and quantitative differences in the segmental
sounds adjacent to the word boundary; quantity was also involved
in establishing a unifying suprasegmental word pattern. The situ-
ation in Czech appears to be quite different.

In an attempt to determine whether vowel quantity and quality
play any part in combining the syllables of a polysyllabic word into
a higher-level phonological unit, 642 dissyllabic test words, embed-
ded in frame utterances, were recorded by two informants and
analyzed by techniques described in footnotes 3 and 4.

Table III presents the average formant positions and durations
of the syllabic sounds in the first and second syllable of this set of
words produced by one of the informants. As becomes apparent in
studying the table, the short and long vowels differed among them-
selves in both positions; this is particularly evident in the case of i/ —
/i/ and Ju/ - [4/. There was, however, no appreciable difference in
the phonetic value of the vowels that could be caused by position in
either the first or the second syllable.
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Table 111

Average formant positions and durations of syllabic sounds in the first and second s.yllab.le
of 642 dissyllabic Czech words produced by L.M. Formant frequencies are given In
cycles per second, durations in centiseconds. N = number of occurrences.

Sy’ - Fi ‘llabl . Second syllable

e N o UCF D N f F, Fs
1 69 390 1835 2465 7.6 67 380 1800 2510 ?.0
1 72 270 2030 3085 15.3 71 270 1990 2970 15.0

59 490 1695 2425 7.6 55 475 1665 2360 9.4

€
g 50 440 1895 2525 172 54 505 1800 2420 155
a 51 640 1235 2350 87 58 640 1290 2365 94
i 54 725 1325 2405 19.6 58 700 1300 2425 194
o 56 465 895 2265 89 51 480 985 2235 87
5 4 410 725 2335 194 34 440 810 2325 207
5 83
46 390 940 2160 7.1 51 385 900 2045 8
3 42 300 710 2195 132 41 340 710 2125 154
5 - 935~ 2150- 9.-
51 420 905- 2095~ 65— 58 465 955- 2150
o 355 670 2200 8.2 355 680 2110 9.6
14.7 18.7
0 101
20 485 1260 2300 9.9 24 440 1180 220
lr 30 540 1260 2265 86 20 485 1350 2285 102

Vowel quality thus seems to play no part in establishi.ng the
first syllable of a word. The same may be said about guantlty: no
systematic diflerences could be observed in the duratlons' of short
and long vowels occurring in the two syllables of a dissyllabic
word 1%, . .

Czech thus appears to be a language in which the boundaries
are indicated primarily by modifications of the phonatory' pattern.
Neither segmental nor suprasegmental features emerged which co'uld
be identified with certainty as contributing toward the est'abhs.h-
ment of phonological units, and the boundary signals were primarily

of a segmental nature.

10 Czech words are traditionally assumed to be stressed on the ﬁrst. syllable.. The
data presented here show that neither vowel quantity nor vowel quality contrlbutg
appreciably toward the identification of a stressed syllable. ;t may therefore be assume:

that intensity and/or fundamental frequency carry greater’mglmﬁc_ance as acoust.lc corre(;
lates of stress in Czech than in some other language. The limited intensity data include

in table II are inconclusive. The analysis of the intensity 'and fundamental frequency
patterns of a larger set of test items is in progress; it remains to be seen whfrther these
features serve only to characterize the stressed syllable, or play some part in a larger

pattern.
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4. Word Patterns in Serbocroatian

The situation appears considerably different in Serbocroatian.
Here the suprasegmental features of intensity, duration, and funda-
mental frequency combine with a qualitative difference between
accented and unaccented vowels to produce phonological patterns
which characterize the different word types!. The units themselves
being clearly phonologically determined, segmental boundary sig-
nals have less significance. The possibility exists, however, that
modifications of these suprasegmental word patterns may be used
by the speakers to indicate the presence of certain morphological
and lexical boundaries. A brief consideration of the problem of
proclitics may yield some relevant information.

The domain of an accentual pattern in Serbocroatian is, as a
rule, a word; however, certain proclitics may form an accentual
unit with a following word, which in turn loses its separate accent
and becomes part of the larger accentual unit. There are other
sequences in which a proclitic, followed by a word with a falling
accent on the first syllable, may lack any accent of its own. The
phrases u rdt and u grdd differ from « rat and # grad with respect to
the domain of the accentual patterns. In the latter sequences, the
accentual pattern embraces the preposition as well as the noun; the
sequences # rdt and u grdd, consisting of the same segmental pho-
nemes, contain an accentually indeterminate proclitic and a word
with a monosyllabic accentual pattern.

The same applies, mutatis mutandis, to words and phrases such
as da bije''a — ndbije and da mdli — zamoli. The accentual patterns of
monosyllabic, dissyllabic and trisyllabic words having been estab-
lished, productions of phrases containing unaccented proclitics may
be compared with otherwise similar sequences serving as the domain
of an accentual word pattern. Any differences between the supra-
segmental patterns of the respective pairs may be assumed to signal
the presence of a word boundary within the sequences containing an
unaccented proclitic.

11 The Serbocroatian data presented here are drawn from a forthcoming joint
publication with Pavle Ivié. The patterns referred to in the introductory remarks are de-
scribed in detail in Accent in Serbocroatian (Lit. 18), which also contains a selected bibli-
ography on pp. 136-142, and in Pavle Ivi¢ and Ilse Lehiste (Lit. 9).

112 The symbol [i] is used to indicate the vowel [i] pronounced with a short
falling accent.
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The eight dissyllabic and trisyllabic utterances quoted above
were produced by twelve speakers in the course of a more extensive
recording session, embedded in a frame utterance and randomly
inserted in a larger set of test sentences2. Broad-band and narrow-
band spectrograms, intensity curves, and oscillograms were pro-
duced from the recorded tapes, and the formant positions of the
vowels, the duration of all vocalic segments, the fundamental fre-
quencies at the onset, peak, and termination of each vowel, and the
peak intensities of all syllabic sounds were measured. While space
does not permit the presentation of the results in detail, certain
relevant observations will be pointed out.

The difference in the phonetic quality of accented and un-
accented /a/ furnished an important clue for the identification of the
stressed syllable in such contrastive pairs as u rdt vs. i rat and da bije
vs. ndbije. For example, the average positions of the first three
formants of /3] in u rdt, produced by seven female speakers, were
910 —1715 - 2800 cps; in 2 rat, the formant positions of posttonic /a/
were 730 — 1780 — 2625 cps. In ndbije, the average formant positions
of /3] were 915 —1720 — 2825 cps, whereas the values for pretonic /a/
in da bije were 665 — 1825 — 2650 cps. The comparable averages for
five male speakers were as follows: 3/ in u rdt 660 — 1420 — 2400 cps,
Ja/ in & rat 590 — 1420 — 2515 cps; (4] in ndbije 720 — 1415 — 2565 cps,
Ja/ in da bije 595 — 1460 — 2570 cps. Accented [a/ thus always had a
higher first formant value than unaccented /a/, whereas unaccented
/a/ showed a certain amount of centralization. In this limited set of
data, very little difference could be observed between pretonic and
posttonic /a/, although both were clearly different from an accented
Ja/1s.

Table IV presents the fundamental frequency, intensity, and
duration data, arranged according to the average fundamental fre-
quency ranges of the informants into low, medium, and high-pitched

12 The informants and their dialectal background are described in detail in Accent
in Serbocroatian (Lit. 18), pp. 31-38.

13 The average positions of the first three formants of short /a/ in pretonic position
(in dampli and da bije) were 625 — 1430 ~ 2550 cps for the men and 690 — 1760 — 2800 cps
for the women. In posttonic position (in # rat and in three productions of i} grdd with
short /af) the averages were 630 — 1450 — 2445 cps for the men and 765 — 1765 — 2625 cps
for the women. In accented position (in u ¢, ngbije, and zdmoli) the positions were, re-
spectively, 710 — 1400 — 2490 cps for the men and 915 - 1710 ~ 2765 cps for the women.
These values fall within the allophonic ranges for stressed and posttonic fa/, established
for these speakers during a previous stage of the study and reported in Accent in Serbo-
croatian (Lit. 18), pp. 95-127.
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Table IV

Fundamental frequency, intensity, and duration of syllable nuclei occurring in eight Serbocroatian test items

Emered by twelve informants, averaged separately for speakers with low, medium, and high pitch. Fundamental

frequencies are given in cycles per second, durations in centiseconds, and intensity in decibels relative to a constant
reference level.

Test item First vowel Second vowel Third vowel

and group Fund. freq. Fund. freq. Fund. freq.

of speakers Beg. Peak End Dur. Int. Beg. Peak End Dur. Int. Beg. Peak End Dur. Int,
Low

urjt 106 107 100 11.8 39.5 108 122 113 12.6 42.7

u rat 119 128 125 9.8 425 131 132 111 9.4 425

u grad 104 107 96 102 41.3 113 125 92 20.0 40.3

U grad 126 132 117 9.3 437 114 114 97 123 378

L grad 80 80 70 9.5 29.5
Medium

u rjt 211 221 214 10.7 40.7 181 217 213 16.3 42.0

u rat 202 215 215 11.8 42.7 218 225 225 11.0 43.7

u grad 197 207 205 10.8 42.5 225 225 154 245 33.0

1 grad 205 234 210 11.8 44.7 171 171 158 13.3 36.0
High

urjt 260 260 254 8.5 36.0 247 321 319 188 46.0

U rat 282 318 313 11.7 387 308 342 320 11.2 43.0

u grad 260 263 246 85 383 257 292 197 22.7 423

1u grad 302 354 305 9.7 41.3 204 204 193 13.3 375

i grad 200 200 178 10.0 33.0
Low

da mli 100 102 99 8.0 40.7 109 119 105 11.1 423 89 90 83 7.3 362

. ) (1 laryng.)

zamoli 110 111 108 10.1 41.0 115 119 103 7.6 41.7 102 102 91 8.1 358
da bije 104 106 102 7.5 4l1.5 119 128 115 10.0 42.8 100 100 84 9.2 39.0

. (1 laryng.) :

njibije 108 120 114 9.8 415 102 102 94 6.8 37.0 93 94 89 6.8 36.7
Medium

da mdli 199 199 195 8.2 43.7 218 232 205 153 42.0 159 165 165 6.8 36.7
zamoli 179 181 177 12.5 43.7 194 218 213 7.3 43.7 211 220 211 8.8 38.0
da bije 154 154 144 8.5 43.5 156 165 160 9.8 47.0 151 151 138 6.8 41.0
nijbije 205 210 200 11.0 43.0 161 161 15 6.3 36.0 152 157 155 6.3 355
High:

da myli 265 267 262 7.8 42.7 293 327 274 14.2 43.0 207 207 201 6.8 32.7
zamoli 258 269 267 13.5 40.7 294 321 276 8.8 37.3 218 218 187 7.0 340
da bije 243 254 238 8.5 42.3 297 315 293 9.7 383 202 202 190 6.8 37.0
njbije 275 309 291 12.7 420 209 209 192 6.7 30.0 181 192 190 5.0 35.3

groups. The contribution of intensity toward the identification of
the stressed syllable will be considered first.
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For informants in whose speech features of intensity are pattern-
cd with the same regularity as features of fundamental frequency 4,
the intensity relationships between the two syllables of a dissyllabic
word with a rising accent on the first syllable differ in a predictable
manner from those of comparable words with a falling accent: all
other factors being kept constant, the two syllables of a word with
rising accent have approximately equal intensity, whereas in a word
with a falling accent the second syllable is considerably lower in
intensity. Such a step-down decrease in intensity constitutes a
characteristic of a word with a falling accent, and may serve as a
signal for the presence of such a word. This step-down pattern was
indeed present in the phrases da moli and da bije, where the stressed
syllable, with an average intensity of 42.6 db, was approximately
5.5 db higher in intensity than the posttonic syllable, whose average
intensity was 37.1 db. In these two phrases, the intensity of the pro-
clitic was comparable to that of the stressed syllable. The intensity
pattern of ndbije showed a similar decrease from the first to the
second syllable, while the third syllable remained at approximately
the same intensity level as the second. In zamoli, however, the first
two syllables had approximately equal intensity, while a drop of
5db (from an average of 40.9 db to 35.9 db) took place between the
second and third syllable. Intensity patterns alone are thus not
sufficient for distinguishing between sequences with proclitics and
utterances with a rising accent on the first syllable.

In the pairs involving accented and unaccented [u/, an increase
in intensity was found to be associated with the placement of accent,
amounting to an average of 2.6 db. The change in the intensity of
the syllable from which the accent was shifted to the proclitic
depended on the nature of the accent. In cases of rising accent, the
intensity of the originally stressed vowel decreased by an average of
0.5 db (remaining, for all practical purposes, unchanged); in cases
of falling accent the decrcase was considerably greater. Details are
presented in table IV.

11 Tt was found during the earlier study (Lit. 18 and 9) that intensity features were
not unambiguously present in the speech of all informants. For the sake of comparability
with the earlier materials, the data presented in table IV are organized according to the
same pattern that was used in the earlier study. The grouping of speakers according to
their average fundamental frequency ranges rather than according to the relative signifi-
cance of the intensity features makes the fundamental frequency patterns clearer, but
obscures partially the intensity patterns. In the speech of those informants who are con-
sistent in their use of intensity features as regular concomitants of the fundamental fre-
quency patterns, the intensity relationships are much more clearly defined.
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Figure 6 shows intensity curves and oscillograms of the four
utterances u rdt, u rat, u grdd, and & grad, produced by speaker D 1.
The words are preceded by the first word of the frame in which the
test items were commuted (Forma . . . data je kao primer). The differ-
ent effect of the accent shift to the preposition, depending on whether
the shifted accent is falling or rising, is clearly evident from the
intensity curves. The figure also illustrates the occasional use of a
period of laryngealization between the first word of the frame and
the test word. However, the use of this laryngealized period did not
serve to differentiate between the two types of sequences: the period

50
{ﬂ —= EW
Lo s X : T | M . Y 0 § S
Re — u — . X
|“|‘7 RN kY a1 .- AV h WD 4 Y
30 - 1 — 1 t A — ‘
1 . R— I 1 mee ¥ \h
X |‘ 1 l 143, il
Y = s Ay
20t " 1Y T : T AR
X e t 9 X\
1 1 p— o
T t - L poo
o 2 T A
L] X X
v —
0_' x T =
:
T
50| .
A ot
40 % LAY IR
1 1
T o
‘lh 1 I kN
1 T
" L\ if
o 30 i T —
3 T aw  —
i - t t
L
@ t i =
— FiY
QG 20t~ 3 1! 14
d ¥ 1 t t
X 1
Q I 1} 1
' T Y
1
z X
= Y
\
X

INTENSITY

u @qr @ d

\ 1 i \ L 1 1 1Y 1 11 i i 1 1 | 1 1
O 10 20 30 40 50 60 70 O 10 20 30 40 50 60 70 80
TIME IN CENTISECONDS

Fig.6. Intensity curves and oscillograms of four Serbocroatian test items produced
by speaker D1,
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of laryngealization was used by all speakers with equal frequency
before the unstressed proclitic in w rdt and u grdd as before the
stressed preposition in the sequences & rat and & grad, and there were
instances where laryngealization was absent before either type of
sequence. In the utterances shown on figure 6, laryngealization
occurred before u grdd and i rat, and was absent in & grad and u rat.
The presence of the period of laryngealization also precludes the
possibility of assuming that the unstressed proclitic forms an accentu-
al unit with the preceding word.

The contribution of duration toward the identification of the
stressed syllable appears relatively greater than that of intensity.
During the previous investigation, the ratio between stressed and
posttonic short vowels was found to be approximately 3:2, regard-
less of accent type. This result was confirmed by the present materi-
als, in which the average duration of stressed short vowels was 12.3
csec, that of posttonic short vowels 8.2 csec. As was noted above, the
intensity drop between the second and third syllable of zamolt was
comparable to that in da mdli, and intensity failed to distinguish
between the two sequences. The relatively greater duration of the
first syllable in zamoli, as compared to that of the proclitic in da moli,
serves as an unambiguous cue for identifying this syllable as the
bearer of accent.

The fundamental frequency patterns of polysyllabic words with
falling accents involve a high frequency on the stressed syllable,
followed by a posttonic syllable with relatively low frequency. In
words with rising accents, the syllable following the stressed syllable
has either the same or even a slightly higher fundamental frequency.
As may be seen from the data summarized in table IV, the funda-
mental frequency pattern characterizing the short falling accent in
da bije and da mdli is comparable to the pattern occurring on the first
two syllables of ndbije. A comparison of the fundamental frequency
values for zamoli with those of da mdli and ndbije is instructive. The
fundamental frequency movement of zamoli resembles that of da
mdli much more than that of ndbije. Nevertheless, there are some
differences that make it possible to distinguish between all three
patterns. Jamoli differs from nabije mainly with regard to the funda-
mental frequency pattern, and from da mdli mostly with respect to
duration. In da mdli the stressed syllable is longer than the pretonic
syllable; in zamoli the first syllable is longer than the second. Ndbije

shares this feature with zamoli; the duration pattern of da bije re-
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sembles that of da mdli. In addition, the fundamental frequency of
the first syllable of zamoli appears somewhat higher than that of the
pretonic syllable of da moli.

The differences between the phrases containing unstressed pro-
clitics and similar sequences serving as the domain of accentual
word patterns thus can be described in terms of modifications of the
suprasegmental features of fundamental frequency, duration, and
intensity. The qualitative difference between accented and un-
accented vowels plays a part in establishing the word patterns. No
unambiguous boundary signals were provided by modifications in
the phonatory pattern.

5. Summary and Outlook

Certain types of boundary signals have been identified in the
course of this investigation. These include modifications of the
phonatory pattern (laryngealization, breathy phonation, insertion
of a glottal stop) ; modifications of nasalization; articulatory modifi-
cations; and modifications of suprasegmental patterns of funda-
mental frequency, duration, and intensity. Considerable differences
in the use of these boundary signals exist between languages; no one
single feature could be found which would be common to all mani-
festations of a word boundary. The manner in which boundaries are
realized in a language constitutes an integral part of its structure,
and has to be included in its phonological description.

A first approximation may nevertheless be attempted in the
classification of languages according to their use of boundary signals.
There appear to exist two general types: languages in which bound-
ary signals are primarily of a segmental nature, and languages with
well-developed suprasegmental patterns characterizing units of the
phonological hierarchy. In languages of the latter type, the presence
of these phonologically definable units implies the presence of junc-
tures in sequences of segmental phonemes, which need not be
signalled by separate boundary segments. Elements of both types
may be present in a language. In the case of Czech, the contribution
of suprasegmental features toward establishing word patterns was
small?®; the boundary signals were predominantly segmental in

** The acoustic correlates of stress in Czech have not yet been exhaustively investi-
gated. The data presented in the course of this paper make it clear that with respect to
the effect of stress on vowel quality and the manifestation of phonemic quantity, Czech
differs basically from both Finnish and Serbocroatian.
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nature. In the case of Serbocroatian, word patterns were established
mainly on the basis of suprasegmental features; the presence of
words could be deduced from the presence of these patterns, which
in turn served to imply the presence of boundaries. In Finnish,
segmental and suprasegmental features were combined in a system
in which boundaries were indicated by predominantly segmental
features, but word patterns were established by suprasegmental
features. The Finnish materials also contributed some evidence for
the existence of phonologically definable building blocks of speech
occupying an intermediate level between syllables and words in a
hierarchy of phonological structures.

The present study has been devoted to boundaries between
units not larger than a phonological word. The investigated materi-
als have also brought forth evidence (not reported here) that certain
of the boundary signals may be further modified or superseded,
when the phonological words themselves become part of larger
phonological units. In those instances, the absence of boundary
signals may become a higher-level signal. Assimilations were found
to take place in Czech and Finnish across word boundaries; neutral-
izations of contrasts between tonal movements were observed in
Serbocroatian utterances in positions removed from primary sen-
tence stress. It is hoped that this study of the phonological structure
of word-level units and their boundaries may serve as a basis for
future studies of units and boundaries at higher levels in the phono-
logical and grammatical hierarchies.
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Discussion

Sovijarvi (Helsinki): Fraulein Lehiste hat u. a. den verschiedenen Grad der Na-
salisation bei ihren Untersuchungen iiber die finnischen Juncture-Erscheinungen als
einen distinktiven Faktor betrachtet. Ich méchte sie fragen, wieviel Vpn. sie in ihren
Nasenkurvenversuchen gehabt hat; weil es meines Erachtens nicht geniigen wiirde,
nur 1-2 Vpn. fur die Nasalisationsuntersuchungen zu verwenden. Es ist ja bekannt,
daB die individuelle und regionale Nasalisation der Vokalartikulationen sehr verschieden
sein kann. Meines Wissens hat die Vortragende nur einen Mann und seine Frau aus
Turku bei ihren Nasenkurvenversuchen zur Verfigung gehabt. Ich habe nur bei den
gewohnlichen Tonbandaufnahmen als Vp. fungiert, aber ich habe nicht an den
Nasenkurvenversuchen teilgenommen.
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Garding (Lund): I have studied internal open juncture in Swedish. My material
consists of minimal pairs uttered at various rates of speech. So far my observations are
obtained from one informant only.

The most consistent differentiating factor between the pairs seems to be intensity.

Duration does not behave in the same way as it does in Miss Lehiste’s material.
The final prejunctural allophone is most often considerably longer than the post-
Jjunctural initial allophone.

Romportl (Praha): Ich hitte nur zwei kleine Bemerkungen:

1. Ich bedaure, daBl von den im gedruckten Referat von Friulein Lehiste behan-
delten Problembereichen aus dem Tschechischen in der vorgetragenen gekiirzten
Fassung nicht das Beispiel der «Juncture» in der Nachbarschaft von Liquiden gewihlt
worden ist. Es kénnte interessantere Tatsachen zeigen als die gewidhlte Frage der
Gruppen von zwei Vokalen.

2. Als Grenzsignal ist «coup de glotte» im Tschechischen potenziell. Wie hiufig er
vorkommt, hiangt —~ auch in schriftsprachlichen AuBerungen — von der lokalen Herkunft
des Sprechers, von dem Stil der AuBerung usw. ab. Es wire niitzlich, diese Tatsache bei
den weiteren Untersuchungen unter Anwendung eines reicheren Materials zu beriick-
sichtigen.

Pulgram (Ann Arbor): Whether internal boundaries are marked or not depends
on the phonological condition of the language. Miss Lehiste chose for her argument, as
indeed she noted, languages which by some means (especially stress) mark word
boundaries (whether stress is distinctive or, as in Czech, merely a boundary marker, is
irrelevant). In amplification, though not in correction, of Miss Lehiste’s remarks it
should be said that some languages, notably French, while giving boundary markers for
words in isolation (French stresses the last syllable), eliminate all such markers of the
lexical unit in utterances larger than a single lexical unit, with the result that word
boundaries are eliminated since the longer utterance is now the phonological word
aux Etats-Unis is [ozetazyni/, and the further result that all boundary markers (“junc-
tures”’) within such a phrase become impossible. It would be useful to see in this distinc-
tion between languages which do and languages which do not allow of boundary
markers in an utterance longer than the lexical word, a typological distinction of great
importance. This peculiar feature has also its ramification in the syllabation, for in
languages that obliterate word boundaries syllabation takes places in complete disregard
for word boundaries, for example [o-ze-ta-zy-ni/. In this context it should also be noted
that the division of Russian efa kniga by English students who do not know the mor-
phological seams in the phrase, into efak niga (an example cited by Miss Lehiste) is
exactly what is to be expected from speakers if a language which marks word boundaries,
but which does not allow of a post-pausal, hence also not of a syllable-initial /kn-/.

Fassem (Poznait): 1. Itis common knowledge, and Miss Lekiste has more knowledge
of this than anyone else, after she has studied the phenomenon for several years, that the
occurrence of juncture phenomena, just like the occurrence of other phonetic signals, in
actual speech depends heavily on such factors as style, tempo, length of the utterance
under investigation, etc. Have you, Miss Lehiste, a programme directed towards finding
differences in the occurrence of junctural signals in various types of speech?

2. An informal experiment has shown to me that a large pannel of naive listeners
may almost unanimously mark juncture on their answer sheets, whilst an analysis of the
spoken text which they have been asked to mark appropriably with juncture signs, has
not revealed any acoustic juncture signals. The junctures are often just “in the listeners’
heads”.




200 Lehiste, Juncture

Kiparsky (Helsinki): Is there a “‘phonological boundary” in Czech md dcta (‘my
regards’) or je den ‘there is a day’ or in similar words? The “phonological boundary”
in Russian should be investigated.

Vachek (Praha): The important and convincing arguments should be complemented
in two small points. First; the title of the paper should rather have been “Boundary
signals” than “Juncture”: the idea of juncture, involved by the American descriptivists,
arose from the obstinate intention to disregard meaning in language. Second, the
instances quoted from Czech look somewhat artificial or bookish; there is no doubt that
more suitable specimens of Czech would have demonstrated the speaker’s idea just
as (or rather more) convincingly.

Rudnyckyj (Winnipeg): Belorussian and Ukrainian with their sandhi-phenomena
can contribute much to the problem; especially in diphthongisation of boundaries of
lexical units.

Danes (Praha): I think that it is not very important whether some acoustic signal
(clue) is present in each case, is implemented in every particular speech-act. But what
is relevant is the fact that in one class of instances (e.g. in Czech compounds nedouk,
poukaz) the glottal stop may be implemented, while in an other class (e.g. mouka, louka)
it may not. It is just this possibility versus the impossibility of implementation of such a
signal that constitutes the phonological opposition. It may be said that such a poten-
tionality of language phenomena (to use Mathesius’ expression) belongs to the set of
general characteristic features of human language.

Answer Lehiste: 1 am grateful to the commentators for pointing out various
interesting problems connected with juncture that should be studied in more detail in
languages treated in the paper as well as in other languages (comments by Kiparsky,
Rudnyckyj, Sovijirvi, and others). I agree that the various phonetic factors contributing
to the identification of the presence of boundaries may be realized differently in lan-
guages other than those described in my report. The manifestation of boundaries
constitutes a part of the phonological structure of every language, and languages may
differ in this respect as in other aspects of their structure. For example, quantity may
be expected to function differently as a boundary signal in languages without phonemic
quantity on a segmental level on the one hand and in languages with varying types of
phonemically significant quantity on the other (comment by Gdrding).

It is one of the points of the paper that there exists a hierarchy of phonological
units, whose boundaries may be manifested in various ways, or which may merge with
other units of the same level to form higher-level units. The lower-level units retain the
property that their boundaries may, under certain conditions, be signalled by phono-
logical boundary markers (comments by Romportl and Danes). The phonological units,
whose boundaries are in fact manifested, may be coterminous with morphological,
lexical, or syntactic units, but need not be so at every level, in every case, or in every
language (cf. comment by Pulgram).

The term juncture was redefined in the paper to apply to phonologically manifested
boundaries (cf. comment by Vachek). There are several theoretical consequences of this
redefinition which could not be treated in detail either in the paper or in this brief reply.
For example, the application of this definition precludes the possibility of re-labeling
morphological boundaries as zero allophones of juncture phonemes.

Replying to comments by Professors Sovijdroi and Fassem, I would like to add that
we are currently engaged in a considerably more detailed study of various sentence
types in Serbocroatian as well as Finnish.
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(S. Karger, Basel/New York 1965).

The Relation of the Phoneme to Other Phonological
Elements

By D. J. ALLErTON, Manchester

It is generally felt that the phonology! of a language may be
analyzed in terms of phonemes, i.e. distinctive sound segments, on
the one hand, and non-segmental or long sound elements, or pros-
odies, on the other. There is a tendency to regard the segmental
phonemes, characterized by features of what Professor Daniel Fones
would call tamber?, as having a mainly distinctive or lexical function:
they serve to distinguish words or morphemes. The non-segmental
prosodies (normally length, stress, and pitch features) for their part
have the principal function of marking off morphemic boundaries
or types, or characterizing certain utterance types, such as Yes-no
questions. This view seems in some ways to represent an oversimpli-
fication.

One pointer to the inadequacy of this simple dichotomy is the
fact that some segmental elements seem to have no distinctive func-
tion but only demarcative value?; an example is the glottal stop in
German, which, although a segment, is not distinctive, but does act
as a marker of morpheme-initial position4. On the other hand some
non-segmental elements do have distinctive value, e.g. Swedish tone
patterns, Russian stress patterns; in such cases lexical meanings may
be distinguished through prosodic features. Here we may justifiably
speak of prosodemes.

A very important question is the length or scope of a prosodeme
of prosodic feature. Some linguists invariably cut down their pro-

1 In the narrower sense; also called by Trubeizkoy Darstellungsphonologie, i.e. ex-
cluding Lautstilistik, cf. Lit. 5, p. 17-29.

¢ Cf. Lit. 2, p. 108f.

3 Cf. Lit. 5, p. 29-30; demarcative, as used here, includes Trubetzkoy’s delimitative
and culminative.

4 Cf. 7. R. Firth, Lit. 1, p. 134,

17 Phonetica, Kongre8
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sodic elements as far as possible, i.e. to cover the shortest possible
segments. What criteria should influence our decision to select a
certain length of component? Our treatment of segmental phonemes
may give us an insight. We class Spanish [tf] as a single phoneme,
for example, because [{] does not occur in Castilian Spanish any-
where except after [t], so that, as Martinet says®, [t[] represents one
choice and not two successive choices. The case of English [t{] is not
so clear-cut (although the analogy of [d3] is vital), but the criterion
remains the same, the extent of the limitation in our choice. The
most severe limitation in the paradigm at a given point in the syn-
tagma occurs when one element implies another. In the case of
segmental phonemes, we regard two such segments as one phoneme,
normally with the proviso that they are phonetically similar or at
least comparable.

We can follow a similar procedure with prosodic elements. If
we have great freedom of operation, and all or most of the oppo-
sitions are valid for each position, then we make our cut, i.e. select
elements, at that level. If, for instance, in a language most (root)
morphemes are disyllabic, and the tone patterns [~ _], [~ -], [- _]
and [~ -] all occur, then we must select elements at the syllable level,
i.e. [7] and [-]. If, however, only [_ -] and [~ _] are possible, then
we should take these as compound elements, since the initial low
tone implies a following high tone, and the initial high tone a follow-
ing low tone.

Quite another question (although admittedly a related one) is
the role or function of the phonological unit in question. It may have
a mainly distinctive role, in which case we should want to class it as
an oppositional phonological clement, or phoneme: in this case it must
be capable of distinguishing lexical or intellectual meaning. On the
other hand, its role may be principally demarcative, and we should
then simply class it as a contrastive® unit, for which there is no
generally agreed term. It is important to note that contrastive phono-
logical elements do not a priori have to be any longer than a phoneme
(witness the German glottal stop, or [] in some varieties of French);
thus the term “long components” used by some linguists is not in
many cases equivalent to our contrastive unit.

Yet a third dimension in the classification of phonologica-
elements is introduced by the division between segments and feal

8 Cf. Lit. 3, sections 2.6 and 3.8.
¢ In Martinet’s sense, i.e. with syntagmatic function — as opposed to oppositional,
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tures, e.g. between, for instance, [p] or [a] or [?] on the one hand,
and, say, a rising tone, on the other. It might be objected that a
segmental phoneme is no more a segment than a feature such as
high pitch, especially if a suprasegmental contour has already been
“extracted”” which cuts right through the ‘“‘segment” in question.
For example are [a] and [5] segments in Swedish [“andon] anden,
‘the spirit’, when the [] has been cut out? We can perhaps best
overcome this difficulty by reinterpreting the distinction as one be-
tween a complex of distinctive features (applying to, or characteriz-
ing, the same segment) and a single distinctive feature.

What criteria do we consider in coming to a decision between a
segment (or feature complex) and an independent single feature,
i.e. non-segmental unit? Let us consider some concrete examples.
No one apart from the thorough-going prosodist seriously considers
extracting voice as a phoneme: we prefer to keep it as a distinctive
feature applying to phonemes. If, in a language, pitch or length
operates at the phoneme level [i.e. its recurring distinctive patterns
extend over one (vocalic) phoneme], can we ever be justified in
extracting tonemes or chronemes? We must not demand that the
prosody in question should apply to all phonemes (i.e. to the conso-
nants as well), since voice is only normally distinctive with stops and
fricatives. So why should it not be possible in the assumed conditions
to regard tone (high, low, falling, etc.) simply as a distinctive feature
of a whole series of vowel phonemes? We are not even as justified in
extracting it as a separate phoneme (or toneme) as we are when we
isolate /h/ in a language which possesses a complete series of aspirat-
ed and unaspirated stops, because (i) /h/ would also have to occur
independently? for us to accept this interpretation (this is hardly
possible for a tone), (ii) /h/ can be cut ofl in time as a segment (it
might be considered as a voiceless vowel), while tone is a simultane-
ous feature. (There is more of a case here for units of length, i.e.
chronemes®.) We may generalize and say that a distinctive feature
is only to be considered as an independent element when it applies
to a segment to which no other distinctive feature applies, i.e. to a
supraphonemic segment. A complex of distinctive features which
characterize the same segment form a segmental phoneme.

Thus although there are apparently three intersecting criteria
for classifying phonological units, viz. distinctive v. demarcative,

7 Ie. not automatically attached to one particular type of phoneme, e.g. vowel, stop.
8 Cf. Moulion, Lit. 4, p. 379.
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minimal v. long, and “segment” v. suprasegmental feature, there are
cases where one criterion does not apply. For example, prosodic
features should only be considered as prosodemes, when they are
long; otherwise they should be classed simply as distinctive features
of segmental phonemes. Demarcative units, when long, are never
segments but always features, e.g. stress patterns in the word (in
languages with fixed stress) ; but when short, i.e. subphonemic, they
may be either single features, e.g. the frontness of English /1/ initial-
ly, or segments, e.g. the aspiration of English /p, t, k/ initially,
although both types come under the head of allophonic variation
besides their demarcative role.

An overall classification might be presented diagrammatically
as follows:

Phonological units with distinctive function

suprasegmental segments
features (= complexes of distinctive features)
(long) (phonemes)
(prosodemes)
minimal long
(simple phonemes) (compound phonemes)
e.g. diphthongs,

. affricates
Phonological units with demarcative function

short long
(allophonic variation) (prosodic patterns)

It is important to observe that one and the same unit may have both
distinctive and demarcative function, e.g. the English /h/ phoneme,
which beside its purely oppositional role, is important as a marker
of morpheme-initial position in all native English words.
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Discussion

Valdman (Bloomington): It is often difficult in linguistic description to distinguish
amongst the various functions of phonic material. In French, for instance, vowel length
seems to operate as a segmental phoneme since in careful style it distinguishes maftre
from mettre, but for many vowels it is allophonic. Thus, the vowels /a o cef are long in
checked final syllables as are all nasal vowels. Furthermore since in French {:] occurs
only in the final syllable of a phonemic phrase it also has demarcative function.

The same distinctive feature can also serve as a short or a long component. In
Haitian Creole nasalization differentiates segments, e.g. [8e] chien us. [8¢] cher, but it also
appears on segments adjoining a nasalized segment. For instance la chafne is [¥en la] in
citation style but [enns] in normal style.

Answer Allerton: Perhaps I did not stress enough that distinctive and demarcative
functions often apply to the same phonological element. I concede that this may even
be so in the majority of cases.

With regard to Mr. Valdman’s claim that nasalization is both a long component
and a distinctive feature of phonemes in Haitian Creole, I feel that this is in no way in
conflict with the proposed classification.

Krdmsky (Praha): I should like to express my strong approval with the speaker’s
opinion on the so-called tonemes and chronemes. Why should we complicate the
phoneme inventory by separating the distinctive features of tone or length? There is no
reason for it and there were some good arguments against it in the lecture. In American
structural descriptions of languages it is quite current to speak about a “length phoneme.
It can be argued that if length is a phoneme then the other distinctive features are
phonemes too, because nobody can deny that length is a distinctive feature. Further,
phonemes must be separable: how can we separate length from a sound? Similar is the
problem of the so-called prosodic phonemes, i.e. pitch phonemes, stress phonemes, and
juncture phonemes. This problem, however, differs from the problem of length by the
fact that length pertains to one phoneme only, whereas prosodic phonemes can extend
over more than one phoneme. Of course, this is not characteristic of either phonemes or
distinctive features. Formerly we spoke simply about “prosodic qualities” and did not
try to make phonemes of them. At the end the lecturer has made a compromise in the
case of prosodemes: as he writes, ‘“‘prosodic features should only be considered as
prosodemes, when they are long, otherwise they should be classed simply as distinctive
features of segmental phonemes”. I do not regard this compromise as necessary. The
problem evidently needs a more thorough examination.

My second remark concerns the classification of phonemes into simple and
compound phonemes (e.g. diphthongs and affricates). According to my opinion, the
question of complexity or compoundness cannot be the criterion of classification. It does
not play any distinctive role in the classification, apart from the fact that it is not adequate
to the classification into suprasegmental features and segments. It is not on the same
level.

Answer Allerton: Mr. Krdmsky has raised the question of juncture, and I ought to
explain how it would fit into my scheme. Since juncture phenomena are demarcative in
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their function, they should be considered under this head, whether they are examples
of conditioned allophonic variation or of long prosodic features such as accentual
patterns.

1 do not feel my treatment of prosodic features to be a compromise. When their
patterns extend over segments longer than a syllable they must be considered as occurring
independently of phonemes.

The term “compound” phonemes is in some ways unsatisfactory. All that is meant
is a segment which is considered as one phonemic segment, even though it might be
analyzed into two elements either in the language in question or in some other language.
It is not my term but a conventional one which I have explained in terms of my own
classification of phonological elements.

Buyssens (Bruxelles): In tone languages distinguishing between 4 tones in disyllabic
words you consider the pitch as a feature of the vowel; but I do not see how that is
possible, for the pitch can only be determined if another syllable precedes or follows;
provisionally I can only consider tone as a prosodic feature.

Answer Allerton: 1 do not consider the pitch of a syllable to be determined in such
a language, since the selection of high or low onet for one syllable or vowel still leaves
the possibility of high or low in the other.




Verh. 5. int. Kongr. Phon. Wiss., Miinster 1964, pp. 207-210
(S. Karger, Basel/New York 1965).

Zur Biophonetik des rhetorischen Ausdrucks

Von HERBERT ARNDORFER, Wien

Wegen der seit der Aufklirung in Deutschland geltenden ein-
seitig logisch-grammatischen Sprachbetrachtung wurde die Rede
als reine Sachdarstellung aufgefat und ihr bisher noch kein ange-
messener Platz im Kreise der phonetischen Wissenschaften einge-
raumt. Wenn man von der Phanomenologie ihrer lautlichen Gestalt
ausgeht, wird es jedoch klar, daB nur die Kriterien und Aspekte der
Phonetik die relationstreue Interpretation der Sprechweise und
dariiber hinaus — auf dem Wege iiber die physiologische Fundierung
des sprecherischen Ausdrucks im Sinne von F. Trojan — auch zufolge
ihrer Rolle als Appell und Ausdruck die Erfassung der Sprecher-
personlichkeit ermoglichen. Biophonetisch gesehen hat also eine
politische Rede den gleichen Ausdrucksgehalt wie ein lyrisches Ge-
dicht.

Dies sei an Zitaten der drei erfolgreichsten Redner der ersten
Halfte unseres Jahrhunderts bewiesen:

(Drei Sprechaufnahmen.) Phinomenologisch treten uns hier die
Reprasentanten von drei verschiedenen phonetischen Ausdrucks-
richtungen entgegen. Im ersten und zweiten Beispiel (A und B)
fallen sofort die Dominanz des Konsonantismus, die Verhartung der
Einsiatze und das Fehlen des Naselklanges auf. Die Lingung der
Tonworte 148t sich spektrographisch gut nachweisen.

Beide Redner bedienen sich in reichem MafBe des emphatischen
Akzents, dem im syntaktischen Bereich die Umstellung der Wort-
folge entspricht (“...unless we conquer, as conquer we must, as
conquer we shall...”).

Der Redner C dagegen scheint trotz vollténender, von Domi-
nanz des Vokalismus gepragter Stimme innerlich unbeteiligt, was
durch Unverinderlichkeit von Melos, Atemfiihrung und Stimmlage,
vor allem aber durch den streng sprachlogischen Akzent unter-
strichen wird.
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AuBerst bemerkenswert ist jedoch die Differenzierung und Mo-
difizierung von A gegeniiber B in Kriterien, in denen die oben zi-
tierte sprecherische Grundtendenz durch Bildung und Erziehung
beeinflu3t wurde. Es sind dies vor allem:

A B
Atem normal flieBend stoBweise pulsierend
Kompression optimal iibermafig
Artikulationsspannung gering auffallend verstarkt
Silbenschnitt schwicher scharf
Melos ruhig Dynamik
Faukale Distanz relative Weite Enge
Stimmfiihrung Legato Staccato

Es differenzieren sich somit auf Grund distinktiver Merkmale
drei phinomenologisch unterschiedliche sprecherische Ausdrucks-
gruppen, denen — unter allen Vorbehalten des Typenbegriffs —
durch entsprechende biophonetische Interpretation auch alle nur
mehr schriftlich erhaltenen rhetorischen Zeugnisse zugeordnet wer-
den kénnen.

Die Validitat dieser Gruppenteilung wird ferner durch die in-
haltliche Deutung wie auch durch die exakte psychologische Ana-
lyse erhirtet, die uns iiber die konstitutionsbiologischen Typen von
Kretschmer und Sheldon zu den drei Grundformen des stimmlichen
Ausdrucks im Sinne F. Trojans fiihren.

Es ist bemerkenswert und steht mit dem modernen Geschichts-
bild vollkommen in Einklang, daB der Trophotrope (der Zyklo-
thyme Kretschmers) in der durch Kampf und List charakterisierten
Politik der Neuzeit nicht in Erscheinung tritt. Nur einzelne Gestalt-
ziige zeigen sich in der englischen Rhetorik, so wenn etwa Sir
Winston Churchill (Beispiel A) durch besonnene Ruhe auch im
sprecherischen Ausdruck das Vertrauen seiner Zuhorer ebenso ge-
winnen will, wie das einst William Pitt d.]. getan hatte. Churchills
Grundtendenz ist aber die kimpferische Ergotropie, die nur durch
Bildung und Erziehung trophotrop modifiziert wird.

Die reine Auspriagung des von aggressivem, ichbetontem Macht-
streben bestimmten Ergotropen erkennen wir dann im phonetischen
Ausdruck des zweiten Sprechers — in Adolf Hitler. Der inhaltlichen
Wiederholung von Schlagworten und der einseitigen Alternativ-
haltung Sein-Nichtsein entsprechen im lautlichen Bereich die un-

Arndorfer, Zur Biophonetik des rhetorischen Ausdrucks 209

geziigelte Verwendung der Kraftstimme und das Vorherrschen des
Rhythmus gegeniiber der Melodik. Die Stimme steigert sich bis zum
Staccato und betont in der Steigerung der animalischen Leistungen
durch die Sympathikuserregung das imponierende konsonantische
Element; konform damit geht die Verhirtung der Einsitze, die Zu-
nahme des Muskeltonus und die stoBweise Atmung. Cromwell und
Bismarck lassen sich auf Grund phonetischer Analyse ebenfalls die-
ser Ausdrucksgruppe zuordnen, wobei sich die Bestitigung aus zeit-
gendssischen Kritiken ihrer Sprechweise erbringen 148t.

Im sprecherischen Ausdruck des durch Beispiel C charakteri-
sierten Ideotropen dagegen dominiert der von gefithlsmaBigen
Schwankungen unbeeinflute verstandesmaBige Ausdruck. Seine
vitale Schwiche sucht ihre Kompensation im vollténenden Klang
und in dem streng logischen Akzent. Politisch ist er durch seinen
Idealismus der Gefahrlichste ~ der « Demagog». Kalt und grausam
wird er die ihm gleichgiiltigen Mitmenschen der kompromiBlosen
Durchsetzung seiner Ideen opfern. Robespierre hatte versucht,
durch pausenlosen Einsatz der Guillotine den tugendhaften Ideal-
staat zu schaffen, 150 Jahre spéter verspricht Goebbels Deutschland
die Weltherrschaft.

Es sei hier jedoch nachdriicklichst darauf hingewiesen, daf3 eine
solche biophonetische Analyse nur objektiv registriert und sich
keinerlei Werturteil iiber Intelligenz oder moralische Haltung an-
maBt. Es besteht daher solcherart die Moglichkeit, zur Ermittlung
der historischen Wahrheit auch politische Reden leidenschaftslos
nur von ihrem phonetischen Ausdrucksgehalt her zu interpretieren
und so ein objektives Bild der Rednerpersénlichkeit zu gewinnen.
Durch eine solche biophonetische Sicht wird es méglich sein, die
Rhetorik wieder in den Kreis der phonetischen Wissenschaften
zuriickzufiihren.
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Discussion

Hijffe (Dortmund): Wir haben dem Referenten herzlich dafiir zu danken, da8 er
iiberzeugend dargelegt hat, in welcher Weise sich Inhalt, stilistische Form, stimmlich-
lautlicher Ausdruck und Typus bedingen. Versuche dieser Art sollten fortgesetzt und
so die ganzheitliche Schau sprachlicher AuBerungen gefestigt werden.
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On the Linguistical Characteristics of the American
Hungarian. (An Outline)

By E. Bako, Silver Spring

The establishment of the first sizable Hungarian settlements in
the United States of America, beginning with the 1870’s, has co-
incided with the issuance of the first set of standard handbooks on
the history, grammar, lexical elements, dialects, etc. of the Hungari-
an language. In this period, attention of the scientific community

‘was focused upon linguistic problems as they appeared in a historical

setting. Being of short duration, Hungarian immigration to the
United States has been regarded for decades as temporary and
beyond any sort of research value. Accordingly, not much signifi-
cance, if any, was attributed to the appearance of the first symptoms
of an English (American) — Hungarian bi-lingualism. While during
the life span of three generations the speech habits of American
Hungarians have gained a fairly constant and firm character, and
the number of Hungarian speaking persons on the North-American
continent was climbing close to 800,000 (totaling more than 700,000
in the United States and about 80,000 in Canada at the time of this
writing), linguistic research in Hungary has completely overlooked
this new area of research objectives and all attempts outside Hun-
gary trying to initiate a positive approach to them1.

Mostly in the course of the past seven years, this writer was

1 The Eastern American Dialect of Hungarian; An Analytical Study, by Pierre
Ervin Szamek, a 145-page (typed) dissertation presented to and accepted by the Faculty
of Princeton University in candidacy for the degree of Doctor of Philosophy in 1947,
went annoticed by Hungarian linguists. In this connection, it has to be stated that the
method applied by Mr. Szamek does not appear to this writer as correct or purposeful.
Since his findings were based upon materials derived from a very small group of speakers
of a couple of communities in New Jersey, such a material does not permit the drawing
of conclusions regarding analysis and definition of American Hungarian dialect speech
phenomena.




212 Bako, On the Linguistical Characteristics of the American Hungarian

conducting tape-recordings of Hungarian dialect materials in the
Northeastern United States. His trips covered the area between
Milwaukee, Wisconsin, and Pittsburgh, Pennsylvania, in the West,
and Boston, Massachusetts, and the City of Washington in the East.
A total of about two hundred selected speakers were interviewed,
the 150 hours of their recorded dialogs and narratives representing
about 3,000 pages of dialect texts when fully transcribed 2,

The present occasion does not permit the inclusion of detailed
sample material. However, based upon the above mentioned collec-
tion of American Hungarian dialect texts (a considerable part of
which is already transcribed and indexed), and of other observations
and studies closely connected with it, the following characteristics
became apparent to this writer:

1. As a general rule, the overwhelming majority of the oldest
generation of American Hungarians speak one of the dialects instead
of the literary (or educated middle-class) form of the Hungarian
language. Consequently, any type of phonetical research directed
at American Hungarians has to set out under the guidance of methods
and principles genuine to dialectology.

2. Hungarian immigrants to the United States came from all
regions of Hungary’s pre-World War I territory, representing,
practically speaking, all main dialects and many of the sub-dialects
of the Hungarian language.

3. Accordingly, all Hungarian dialect units were and are ex-
posed to the North-American variants of the English language, and
to various American versions of other, non-English languages. Such
a multi-lingual environment creates an abundance of interlingual
phonetical, lexical, structural, etc. interferences.

4. Consequently, studies of the American Hungarian dialects
offer a full set of subjects and objectives for the researcher, compar-
able only to those known to and pursued by phoneticians and dia-
lectologists active in Hungary itself. More than that, interlingual
borrowing of phonetical, lexical and structural elements between
Finnish and Hungarian as it is practiced in communities of mixed

2 See: Bako, Elemer: Goals and methods of Hungarian dialectology in America.
Az amerikai mag yar népnyelvkutatds célja és mdédszere. Published for the American Hungarian
Institute by the American Hungarian Studies Foundation at Rutgers, The State Uni-
versity, New Brunswick, N.J. (USA), 1962, 24 p. (American Hungarian Dialect
Notes, 1), and, by the same writer, a conclusive report on tape-recording trips made in
1962 and 1963 under a grant received from the American Philosophical Society which
was published in the Society’s Yearbook 1963, Philadelphia, Penn., 1964, pp. 494-497.
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Finnish-Hungarian majority in Ashtabula County, in the State of
Ohio, or similar contacts of Hungarian dialect speakers with per-
sons speaking Italian, Polish, Spanish, Swedish, Flemish, Greek,
Welsh, and other languages in the giant cities or areas of varied
ethnic character all over the United States and Canada, resulted in
a wealth of unique cases for phonetical analysis and comparative
phonology. _

5. Since the presently living oldest group among Hungarian
dialect speakers in America has left the European homeland some
50-70 years ago, their dialect forms may be more archaic than those
of the people residing in their land of origin. Consequently, the
possibility that American Hungarian dialect forms may be regarded
as possible links in a chain of transition of Hungarian dialect pheno-
mena, cannot be excluded.

6. It is recognized that the majority of Hungarian dialect
speakers was never exposed to the influence of recently developed
vocabulary and phraseology in Hungary. Thus, the American
Hungarian dialects have retained numerous elements of their origi-
nal vocabularies (with phonetical characteristics attached to them)
which may not be anymore among the actively functioning speech
elements of their mother dialects.

7. Most dialect speakers interviewed by this writer have exhibit-
ed a sort of “dual personality”: in their Hungarian conversation,
they usually appear as bearers of the traditional speech habits of the
rural Hungarian types, whereas, in forms of conversational self-
expression as well as in the light of subjects selected for conversation
in English, the same persons often appear as urban citizens of a
highly industrialized society. This shift is accompanied by changes
reflecting a motivation of social attitudes, characteristic features
which distinguish the peasant from other socio-economic types
slightly below the middle-class level. Such shifts usually affect speech
production, both when speaking in Hungarian or in English.

8. A number of the persons interviewed use English as a second
home language, especially in the presence of their children, grand-
children or their American friends or spouses. Most members of the
second generation speak Hungarian in a form which unveils many
compromise solutions or borrowings between Hungarian and
English. Third generation speakers if they had enough opportunity
to live with their grandparents during their early childhood and
their teens, have often developed amazing consistency in their

R
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Hungarian speaking abilities and habits, often surpassing those of
their own parents.

9. As a general rule, there is a numerical and functional pre-
dominance of the so-called Northeastern Hungarian dialect among
dialect speakers in the Northeastern part of the United States; this
fact being attributable to the circumstance that persons from the
Northeastern regions of pre-World War I Hungary were in majority
among the immigrants in those times.

10. Another contributing factor to the emergence of the North-
eastern dialect as a dominant idiom and formative element in the
development processes of the American versions of Hungarian dia-
lects was the presence and activity of a considerable number of
Hungarian Reformed (Calvinist) ministers who came mostly from
the same Northeastern parts of Hungary.

Since the Hungarian literary style and orthography were devel-
oped largely on the same historical-geographical basis (beginning
with the first complete Bible translation by Gdspdr Kdroli in 1590 and
including most of the influential poets and writers of the 19th and
20th centuries such as Ferenc Kazinczy, Ferenc Kolcsey, Jdnos Arany,
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