
PHONETIC UNIVERSALS IN PHONOLOGICAL SYSTEMS AND THEIR EXPLANATION 

Summary o f  Moderator's Introduction 

John J .  Ohala, Phonology Laboratory, Department of  Linguistics, 
University of  California, Berkeley, California, U . S . A .  

In many ways the study of  phonetic and phonological universals 

i s  a relatively old endeavor in- l inguist ics and in other ways i t  

i s  relatively new. It i s  old in the sense that some 100 years ago 

when our intellectual forefathers,  E l l i s ,  Sweet,  Bel l ,  Lepsius, 

Passy,  Jespersen, and others were struggling to develop a workable 

phonetic alphabet that could be used to transcribe the sounds of  

any language, they had, implicitly a t  least ,  to  deal with the prob- 

lem of  whether there were phonetic universals. That they succeeded 

in devising such a practical universally-applicable phonetic nota- 

t ion,  such as we use today, is  a tribute to their hard work, their 

vas t  experience with languages of  the world, and their scientif ic 

judgment. The phonetic alphabet and the set  o f  descriptive terms 

accompanying i t  are not per fect ,  of  course, but modern work on uni— 

versa l  sound patterns would be impossible without these important 

too ls .  _ 

I t  i s  an old interest, too, in the sense that during the past 

century there has been a steady, i f  small, flow of  relatively so- 

phisticated explanations for observed universal sound patterns, 

e . g . ,  ( t o  mention just a few) Passy 1890, Issatchenko 1937, Trou- 
betzkoy 1939,  Jakobson 1941, Hockett 1955 ,  Martinet 1955.  Charac- 

ter ist ic of  the keen insights of fered during this period are the 

following (and here I present remarks relevant to topics of  partic- 

ular interest to  this symposium): 

Passy (1890)  on_obstruent devoicing: 'On remarque que ce sont 

les explosives qui se dëvocalisent le plus souvent. Cela se 

conçoit, car pour produire une explosive vocalique, i l  faut 

chasser dans une chambre fermée l 'a i r  qui fa i t  vibrer les 

cordes vocales; action qui nécessi te un e f fo r t  considérable, 

e t  ne peut pas se prolonger. Aussi les explosives doubles 

sont-elles particulièrement sujet tes à devenir s o u f f l ë e s . . '  

[161].  . 
Chao (1936)  on the patterning of  voiced glottalized stops:  

' A  very significant circumstance about the occurrence o f  [ ? b ,  

? d ,  5 ,  J ]  is that in all the [Chinese] dialects in which they 
are known to ex is t  they are always limited to labials and 

dentals and never ex is t  in velars . . .  The reason is not 
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fa r  to seek.  Between the velum and the q lo t t i s ,  there is 

not much room to do any o f  the t r i cks  that can be done with 

the larger cavity for a b or a g. As soon as there is any 

vibration of  the vocal cords, the cavity for a g is f i l led 

and a posit ive pressure i s  created. There i s  therefore no 

space or time to make any impression o f  suspension [ o f  voicing 

via simultaneous glottal closure, as  with ?b and ? d ]  or o f  

inward "explosion" as with [ B ,  d ] .  The velar plosive is dif-  
f icult to voice without having to do any additional t r i c ks . ‘  

In another sense, however, interest in universal sound pat- 

terns is  rather recent or a t  least  renewed. This has come about, 

I think, due to the interaction o f  a number o f  trends and events.  

F i r s t ,  there i s  the interest  in phonological universals stimulated 

by the new se t  o f  research goals presented by generative phonology, 

namely, to look at universals o f  language for what they wil l  reveal 

about humans' genetically—based capacity for language. 

Second, there has been the sheer accumulation o f  reliable 

phonological data on a large number of  languages. Works such a s  

Gu th r ie ' s  Comparative Bantu and L i ' s  Comparative Ta i  ( t o  mention 

jus t  t w o ) ,  which synthesize large amounts o f  phonological data,  

exemplify this trend. I t  i s  because o f  this lat ter  development 

that a pro jec t  such a s  the Stanford Phonology Archive, constructed 

by Charles Ferguson and Joseph Greenberg, was possible. Third, 

there has been the almost explosive growth o f  experimental phonetics 

over the past  3 0  years  or so  —- especial ly  in the development o f  

empirically—validated mathematical models of  various aspects o f  

the Speech production and perception mechanisms. In short, phonol- 

ogists have realized that the study o f  universal sound pat te rnS '  
can be interesting and very important and that they now have the 

resources to do a better job o f  i t  than ever be fore .  

The contributions to this symposium on phonetic universals 

represent very well the wide range of  data, of  talents, and o f  

theoretical outlooks that are necessary in this area. 

Björn Lindblom, in 'Some phonetic null hypotheses for a bio- 
logical theory of  language' ra ises the possibil ity that the form 

o f  language and the range over which it var ies when it changes, 

may be determined by the biological constraints o f  i t s  human users .  

He looks to phonetics to provide the evidence on this issue. 
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Kenneth N .  Stevens,  in 'Bases for  phonetic universals in the 

properties o f  the speech production and perception sys tems '  con* 

siders how the natural c lasses among speech sounds must arise due 

to the individual members o f  the c lasses sharing common modes o f  

production a t  the neuromuscular level and/or giving r ise to a com- 

mon set  o f  sensory images via the tact i le ,  kinesthetic, or auditory 

channels. 

Kenneth Pike, in 'Universals and phonetic hierarchy' suggests 

that the inability o f  phonologists to  integrate such elusive units 

as the syllable or s t ress group into their descriptions of  language 

may be due to their commitment to use just  a single hierarchical 

structure. He proposes the use o f  parallel but interlocking hier— 

archies,  e . g . ,  one each for the phonological, grammatical, and r e f e r -  

ential domains. 

Two papers in this symposium and one section paper deal with 

closely related topics on universal patterns in languages' obstruent 

inventories. 

Thomas V .  Gamkrelidze, in 'Hierarchical relations among pho— 
netic units as  phonoloqical un ive rsa ls ' ,  presents a comprehensive 

analysis o f  universal co-occurrence tendencies among various 

features o f  obstruents, e . g . ,  place o f  articulation, voicing, glot- 

ta l izat ion, and uses this to support a reanalysis of  the Indo- 

european stop inventory. 

Andre G .  Haudricourt, in 'Apparition e t  disparition des occlu- 

sives sonores préglottal isées' ,  presents the phonetic factors that 
lead to the development or loss o f  voiced preglottalized stops and 

presents extensive supporting cross-linguistic data, especially 

from South and Southeast Asian languages. 

Sandra Pinkerton, in her section paper 'Quichean (Mayan) glot— 
ta l ized and non—glottal ized stops:  a phonetic study with implica— 

tions for phonological un iversa ls ' ,  presents instrumental data on 

the manner o f  production o f  glottal ized stops in f ive Mayan lan— 

guages. Having found voiceless uvular implosives, she proposes a 

revision of  Greenberg's (1970)  implicational hierarchy for glot- 

tal ized steps which would equate it to Gamkrelidze's claims: voicing 
is marked for velar obstruents, voicelessness for  labial obstruents. 

Robert K .  Herbert ,  in 'Typological universals, aspiration, 

and post-nasal s t o p s ' ,  points out several universal patterns 

characteristic o f  nasal + stop clusters and uses these to cal l  into 
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question one reconstruction o f  the history o f  such clusters in 

Eastern Bantu languages. 

Jean Màrie Hombert, in 'Universals o f  vowel systems: the 

case o f  central ized vowe ls ' ,  presents data from speech perception 

tests conducted in the f ield with speakers o f  F e ? f e ?  ( a  Bantu lan- 

guage of  Cameroon) which suggest that the universal tendency of 

disfavoring central vowels may have its origin in a human auditory 
constraint. 

In my own paper, 'Universals o f  labial velars and de Saussure's 

chess analogy' ,  I present four phonetically—based universal pat- 

terns characteristic o f  labial velars and use this to cal l  into 

question the wisdom of structuralist phonology's pre-occupation 

with system-internal relations in language and their descriptions. 

Conclusion 

It  is worth mentioning that study o f  phonological universals 

is of  more than theoretical interest. I f  it is done well, it could 
yield results o f  great practical benefi t ,  too, e . g . ,  in such areas 

as speech therapy, second language teaching, speech recognition, 
and neurophysiology. 
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HIERARCHICAL RELATIONS AMONG PHONEMIC UNITS AS PHONOLOGICAL 

UNIVERSALS 

Thomas V .  Gamkrelidze, The Oriental Institute, Academy o f  Sciences, 

Georgian SSR, Tbi l is i ,  USSR ' - . 

A f te r  splitting the phoneme into i t s  minimal components - 

distinctive features — and viewing i t  as  a bundle o f  such features 

the question arises as to mutual compatibility o f  the features 

within the bundle and their relationship to one another on the 

axis o f  simultaneity. 

I t  i s  the differing capacity o f  distinctive features for re- 

lating with one another into simultaneous combinations or “vert ical 

sequences" that creates bundles o f  features differing in character 

and possessing a varying degree o f  "markedness", i . e . ,  combina- 

tions of  features characterized by commonness, naturalness, high 

degree of  occurrence in the system ("unmarked") and less common, 
less natural combinations o f  features manifesting a lower degree 

of  occurrence ("marked"),  c f .  Gamkrelidze (1975) .  
Depending on the varying capacity o f  distinctive features to 

combine with one another in a simultaneous bundle, i t  proves feas- 

ible to se t  up a gradation scale o f  "markedness" o f  simultaneous 

(vert ical) combinations o f  features.  Opposite extreme values on 

such a "scale o f  markedness" involve: ( a )  obligatory combination 

o f  the distinctive features on the axis o f  simultaneity, i . e . ,  

maximally "unmarked" combinations ( a s ,  e . g . ,  combinations o f  fea- 

tures like [+syllabic, -nonsyllabic], [—syllabic, +nonsyllabic] 
or [discontinuous, dental] ,  e t c . )  which are represented in any 

phonemic system being a constituent part o f  the phonemes entering 

the minimal phonemic inventory o f  language, and (b) noncombina- 

bil ity, mutual incompatibility o f  features potentially forming 

maximally "marked" combinations ( e . g . ,  the features o f  [glottaliza- 
tion] and [voice]  or the features [nasal] and [ fr icat ive] that are 
incapable o f  combining into simultaneous bundles). 

Between such extreme values o f  "markedness" are arranged all 

kinds of  possible combinations o f  distinctive features with vary- 

ing degrees o f  "markedness" — with a greater or lesser approxima- 

tion to the extreme values reflecting the varying capacity o f  

distinctive features to combine with one another in forming si- 

multaneous bundles. 
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Such a "sca le  o f  markedness" o f  combinations o f  distinctive 

features must, in principle, be character ized by a fa i r l y  high de- 

gree o f  universality, for i t  r e f l e c t s  the capacity - common to 

human language - o f  def ini te phonetic and acoustic—articulatory 

properties to  combine more or less freely and form simultaneous 

articulatory complexes. Def in i te  phonetic features,  owing to  their 

acoust ic-art iculatory pecul iar i t ies,  combine preferably with one 

another on the ax is  of  simultaneity. "Marked" bundles o f  features 

re f lec t  w in contrast to "unmarked" bundles - a limited capacity 

o f  definite phonetic features to join in simultaneous combinations, 

i . e . ,  their lesser tendency to mutual combination. Hence such 

bundles represent less  usual or l e s s  natural combinations o f  fea-  

tures, being placed on the "sca le  o f  markedness" closer to the 

maximal value o f  "markedness". 

I t  i s  but natural to  expect that such bundles (and corre- 

spondingly the phonemes represented by them) wi l l  be characterized 

by a lesser  degree o f  actual izat ion in language than wi l l  features 

which, in view o f  their acoustic and art iculatory propert ies, com— 

bine easily with each other, representing natural or usual com- 

binations o f  features.  The former group o f  bundles o f  features 

(and correspondingly the phonemes represented by them) constitutes 

functionally weak units in the system, being character ized by a 

low degree o f  occurrence (frequency) and distributional limita- 

tions or being entirely absent in a number o f  languages, forming 

gaps in the paradigmatic system; the latter group o f  bundles is  

more common and natural and, in this sense, "unmarked", forming 

functionally strong units o f  the system and being character ized 

by a greater distributional freedom and a higher degree o f  occur- 

rence (frequency) - some o f  them with a probability o f  occurrence 

equal to  one (maximally "unmarked" combinations o f  fea tures) .  

Thus definite distinctive features combine with one another in 

simultaneous bundles in preference to other features,  the com- 

binations of  which on the axis o f  simultaneity form more complex 

units in terms o f  articulation and perception. Being less  optimal, 

such combinations are o f  a limited occurrence in the system, form- 

ing less natural phonemic units characterized by a lower frequency 

o f  occurrence and equalling zero in certa in systems (yielding 

phonemic gaps in the paradigmatic pa t te rn) .  

The phonemic units representing stable and "unmarked" bundles 
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o f  features in any linguistic system may be characterized as 

"dominant" as opposed to the less  common and less  natural ( i . e . ,  

"marked") units o f  the system that may be styled "recessive" .  
Thus, any two phonemic units opposed to each other in the para- 

digmatic system by the hierarchical relationship o f  "markedness" 

may be characterized as "dominant" v s .  " recess ive" ,  while the re- 

lationship o f  "markedness" i t s e l f ,  implying a dependence between 

these un i ts ,  may be  resty led as  the relat ion of  "paradigmatic 

dominance". The terms are obviously borrowed from molecular bio- 

logy, known for i t s  ample use o f  linguistic vocabulary in applica- 

tion to the genetic code ( c f .  Jacob, 1 9 7 7 ) .  

and the substitution of recessive" 
Such a change o f  terms 

"unmarked vs .  
marked" seems to  be expedient in View o f  the ambiguity o f  the t ra- 

ditional expression "markedness" and i ts  s t i l l  widespread use in 

the original sense o f  “merkmalhaltig/merkmallos" 
from that o f  

"dominant v s .  for  

( a s  d i f ferent  

"common, natural" vs .  " less common, less natural" ) .  
I t  i s  precisely the establishment o f  such universal patterns 

o f  compatibility o f  distinctive features into simultaneous bundles 

or into "vertical sequences", with determination o f  their oppos- 
itive function of  "dominance" in the paradigmatic system that 
appears to be one o f  the basic tasks o f  present—day typological 

phonology. This wil l  help establish universally relevant hier- 

archical dependence between the correlative units o f  a phonological 

system and to identify the core o f  phonemic oppositions, a kind o f  

deep phonological structure, that constitute the basis o f  the 

phonemic inventory o f  human language, invariant in relation to . 

particular phonemic systems in synchrony and to possible phonemic 

transformations in diachrony. ‘ 

In this respect correlations o f  stops and fr icat ive phonemes 

in a phonemic system present a special interest. In particular, 

in the subsystem o f  st0ps the following hierarchical correlations 

o f  dominance may be established among the phonemic units o f  vari- 

ous ser ies ( c f .  Melikishvili, 1 9 7 0 ) :  

In systems with an opposition among steps d i f fer ing on the 

feature "vo ice" ,  the voiced labial /b/ is  functionally stronger 

(dominant) as compared to the velar stop /g/. Stated otherwise, 
the feature " labial i ty“ in a simultaneous combination with the 

feature "voice"  yields a dominant bundle o f  features,  making up 

the labial phoneme /b/, as different from the combination of  the 
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features “voice" and "velarity" that yield a functionally weaker, 

less common and in this sense " recess ive"  voiced velar stop /g / .  

Inversely, in the class o f  voiceless stops i t  i s  precisely the 

velar /k/  that appears as a more natural,  functionally stronger 

and dominant member o f  the paradigmatic opposition as compared to  

the labial /p/ serving as a functionally weaker, recessive uni t .  

Thus "velari ty" combined with "voicelessness" and "labiality" com— 

bined with "voice" form more natural and common bundles o f  features 
representing the dominant phonemes /k /  and /b/,  whereas the com- 

binations o f  "voicelessness" with " labial i ty" and o f  "voice" with 

"velarity" create functionally weak, recessive units /p/ and /g/, 
this being due to the acoustic-articulatory characteristics o f  the 
features involved. . 

Gaps in the paradigmatic system are distributed according to 
the established functional correlation o f  dominance of the phonemic 
units. Systems with gaps in the c lass  o f  stops opposed according 
to "voice/voicelessness" assume in general the form as in ( 1 - 3 ) :  

(1) b — (2) b p (3) b — 
d t d t d t 
g k - k — k 

The degree of recessiveness in the class o f  voiceless stops 
increases in accordance with the superposition on the bundle o f  
the additional feature "aspiration" or "glottal ization"; incident- 
ally, "glottalization" appears as a feature o f  a higher degree o f  
"recessiveness" than does "aspirat ion",  so that the hierarchical 
sequence of  increasing dependence in the class o f  unvoiced stops 
has the form: voiceless (plain) - aspirated — glottalized. Thus, 
the glottalized labial /p ’ /  appears in relation to the aspirated 
/p: / as  a recessive member o f  the opposition, whereas the aspirated 
/ph / is recessive in relation to the voiceless plain phoneme /p/ 
( c f .  Greenberg, 1 9 7 0 ) .  

Gaps in the paradigmatic systems are represented in accord- 
ance with these correlations. The possible systems with gaps in 
the respective series of voiceless stops are given in (4 )  and ( 5 ) :  

( 4 )  b ph - (5 )  b _ _ 
d th t ’  d th t ’  
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There appears to be a further dependence in the paradigmatic 

system between the subclass of  stops and that o f  the corresponding 

fr icative phonemes which manifest analogous correlations o f  domi- 

nance. 
In the labial series the voiced fr icat ive phoneme w/v/B e— 

merges as the dominant member o f  the correlation, with the reces- 

sive voiceless unit / f / ,  whereas in the velar series the voiceless 

fricative /x/ functions as the dominant unit as opposed to the 
recessive voiced f r icat ive / Y / :  i . e . ,  f + w/v/B,  y + x ,  and y + 

W/V/B, 
ber of  the opposition to the dominant one) .  

+ x (where the arrow is  directed from the recessive mem- 

Systems with gaps in 

the class o f  non-strident labial and velar fr icat ives with an op- 

position of  "voice/voicelessness" assume in general the form as 

in ( 6 - 8 ) :  

( 6 )  w/v f ( 7 )  W/v - (8)  W/v - 
- x y x - x 

The subsystem o f  fr icatives appears in the paradigmatic system 

as a kind o f  substitute for the corresponding s tops.  In particular, 

the absence in the subsystem of  stops o f  i t s  functionally weak, 

recessive members ( i . e . ,  o f  the velar phoneme in the voiced series 

and/or the labial phoneme in the voiceless ser ies) presupposes the 

presence in the paradigmatic system of  the corresponding fr icative 

phonemes ( i . e . ,  o f  the velar fricative in the voiced ser ies,  and/ 

or the labial fricative in the voiceless s e r i e s ) :  5 + y , E . *  f .  

Thus, the fr icat ive phonemes / f /  and / y /  and the dominant members 
implied by them, v i z .  w/v and / x / ,  respectively, emerge as sub- 
stitutes for the corresponding stops /p/ and /g/, compensating, as 
it were, for their absence and thus establishing an equilibrium in 

the paradigmatic system. It may be asserted that the tendency to 

such an equilibrium in the system is due to the natural phonetic 
tendency to a symmetric fi l l ing o f  the three main articulatory 

zones — labial, dental, and velar - with sounds of consonantal 
articulation: stops or fr icatives. I f  the system has the reces- 
sive stops /p/ and /g/,  the presence of their substitutes in the 
form of  the corresponding fricatives / f /  and / y /  i s  optional. 
Such phonemes appear in the paradigmatic system as  redundant con— 
sonantal elements, subject to diachronic changes. 
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Language systems evince a definite hierarchical order among 

diverse types o f  structural, in particular phonological, Opposi- 

tions indicating the existence of  a s t r i c t  s t ra t i f icat ion o f  phono- 

logical values. I t  i s  in conformity with such universally valid 

correlations that diachronic phonemic transformations occur in a 

language. This gives a clue helping us to better understand lan- 

guage change in diachrony and to propose l inguistically more re -  

al ist ic and plausible schemes o f  language Feconstruction. 

The classical Indo-European comparative grammar deals with 

a system o f  Proto—Indo-European stops that appears to be linguis— 

tically improbable and unrealistic since i t  runs counter to the 

typologically established phonological universals concerning the 

nature o f  the system o f  s tops, with di f ferent phonemic series and 

a definite distribution o f  gaps. This necessitates a total re— 

vision of  the traditionally postulated three—series-system o f  Proto- 

Indo-European stops - I :  voiced I I :  voiced aspirates I II : voice- 

less (with an absent or weakly represented voiced labial /b/) and 
i ts  reinterpretation as I :  glottal ized I I :  voiced aspirates 

I I I :  voiceless aspirates (with an absent, resp.  weakly repre— 

sented, glottalized labial / p ’ / ) ,  c f .  Gamkrelidze-Ivanov (1973 ) :  
Hopper ( 1 9 7 3 ) :  

Traditional System Revised System 

I II III I II III 
(b) bh p (p . )  b [ h ]  P [ h ]  
a dh t t ,  du.] t [ h ]  
g gh k à k ,  g [ h ]  k [ h ]  

Such a reinterpretation of  the traditional system o f  Proto- 
Indo-European stops brings i t  in full conformity with typological 

evidence, both synchronic and diachronic, and allows to envisage 

a more realistic and linguistically plausible picture o f  Proto- 
Indo-European. 

The evidence o f  the modern linguistic typology and the theory 

o f  language universals in e f f ec t  necessitates a revision o f  the 

traditional schemes of the classical comparative lingustics by ad- 
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vancing new comparative—historical reconstruction. 

This is one o f  the more practical aspects (finding i ts  appli— 

cation in diachronic l inguistics) o f  the modern linguistic typol- 

ogy and the theory o f  language universals. 
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APPARITION ET DISPARITION DES OCCLUSIVES SONORES PREGLOTTALISEES 

André-Georges Haudricourt, Centre National de la Recherche Scien— 

t i f ique, 1 5 ,  quai Anatole France, 75700 P a r i s ,  F rance-  

Quelles sont les conditions l inguistiques d'appari t ion des 

occlusives sonores p rég lo t ta l i sées? A la d i f fé rence d‘une occlu- 

s ive sourde ou d'une spirante sonore,  une occlusive sonoreluepeut 

pas se prolonger indéfiniment. L ' a i r  qui passe ä t ravers l tz la rynx 

en produisant la sonorité es t  a r rê té  ensuite par l ' occ lus ion  buc- 
ca le ,  de so r te  qu'au bout d 'un ins tan t ,  la p ress i onche l ' a i r  s i tué 
entre le  larynx e t  l 'occlusion buccale augmente e t  devient égale 
ä ce l le  de l ' a i r  des poumons e t  de la  t rachée-ar tëre ;  de ce  f a i t ,  
l ”air  ne passe plus : la v ibrat ion laryngale s ' a r r ê t e .  A ins i ,  la 
consonne sonore longue tend à s 'assourd i r .  Pour maintenir la d is -  
t inction pertinente, il faut diminuer la pression de l ' a i r  ent re  
le larynx e t  l ‘occ lus ion buccale, c ' e s t — â - d i r e  fermer le larynx 
au début (prég lo t ta l isa t ion) ,  puis l e  fa i re descendre pendant la 
tenue de l 'occlusion buccale. Le caractère in jec t i f  de la conson- 
ne n ' e n  e s t  que la conséquence, lorsque la  désocclusion buccale 
se produit e t  que l 'espace supraglottal a encore une pression in- 
férieure ä la pression atmosphérique. 

Les langues indo—aryennes de la val lée de l ' Indus, sous l ' i n -  
fluence probable d'un substrat dravidien, ont transformé tous leurs 
groupes de consonnes en géminées; l a  pertinence phonologique d'une 
dist inct ion entre simples e t  géminées, entre sourdes e t  sonores,  
avait un rendement important, e t  l 'appari t ion des prég lo t ta l isées 
s 'expl ique. Ces consonnes ne sont conservées actuellement qu‘en 
sindhi, car c ' e s t  seulement dans c e t t e  langue que les sonores or -  
dinaires sont réapparues assez tô t  pour maintenir l 'Oppos i t ion l .  

En Indonésie, on constate l 'appari t ion de la préglot ta l isa-  
t ion comme réal isat ion d‘occlusives sonores géminées dans ce r ta i -  
nes langues, t e l  le  samal, parlé dans l ‘archipel  Sulu des Philip- 
pines, ou en bougui, parlé à Sulawesi (Célebes)2. 

Les langues miao qui ont pénétré en Indochine depuis un siè- 
c le  ont des occlusives latérales (mais pas de groupes de conson- 
nes ) ;  or les langues indigènes d'Indochine n 'ont  pas  c e  type de 
consonnes. Dans le dialecte meo blanc, cet te  occlusive latérale a 
é t é  considérée comme un groupe combinant occlusion e t  sonor i té  e t  
est devenue une occlusive préglottalisée. Or, les préglottalisëes 
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sont fréquentes dans les  langues indigènes, c e  qui a dû favoriser 
ce changement. 

En v ietnamien,  l e s  deux occ lus ives  sourdes p e t  t sont  deve-  

nues prég lo t ta l isées sonores au cours du Moyen Age ,  sans qu'aucune 
raison linguistique puisse ê t re  avancée. I l  s ' a g i t  i c i  de causes 
ethnosociologiques; au cours du millénaire d 'occupat ion chinoise, 
l e s  anciennes p rég lo t ta l i sées  austroasiat iques ont disparu (en de- 
venant nasales)  en vietnamien proprement d i t ,  mais ont é té  conser- 
vées au voisinage (par exemple en müöng). Lorsque le  Vietnam de- 
vint indépendant au Xëme s ièc le,  les préglottal isées réapparurent. 
Le  même phénomène eut l ieu en khmer : les p e t  t en contact avec 
la voyel le accentuée se sont p rég lo t ta l i sés ,  d ' où  la valeur donnée 
à ces  l e t t r es  dans l ' éc r i t u re  thai dès le XIIème s ièc le .  

Dans l ' î l e  de Hai-nan, deux langues introduites au Moyen Age 
— une langue tha i ,  le  b é ,  e t  un d ia lecte chinois min, le hainanais 
ou hoklo — ont subi ce t te  même mutation des p - ,  t - 3 .  Le même phé— 
nomène e s t  signalé dans les  d ia lectes yüe du sud—est du Guangxi“. 

En résumé, en Indochine, les  langues austroasiat iques et  thai 
ont dû, au cours de leur évolution vers la monosyllabisation, en— 
gendrer des groupes initiaux de consonnes qui ont abouti linguis— 
tiquement à former des occlusives sonores p rég lo t ta l i sées  ( c ' e s t  
ce qu'on constate dans une langue de Formoses), puis dans ce t te  
aire les langues qui venaient d’ai l leurs en ignorant ces  consonnes, 
ou cel les qui historiquement les  avaient perdues, les  ont acquises 
par influence ethnosociologique. C ' e s t  le  cas des langues karen 
sgaw e t  pwo, langues tibéto—birmanes ayant pénétré dès le haut Mo- 
yen Age dans le  domaine des langues austroasiat iques, e t  thai. I l  
y a passage de p—, t -  aux sonores prég lo t ta l isées.  

Actuellement, l e  thai de Bangkok a transformé ses  préglotta- 
l isées en sonores ordinaires, peut-être au contact des langues eu— 
ropéennes, mais les anciennes sonores historiques s 'é tan t  assour- 
d ies,  la g lo t ta l isat ion n 'ava i t  plus de pert inence phonologique. 

Par centre,  lorsque les langues thai arrivent sur le domaine 
des langues tibéto—birmanes qui ignorent les préglot ta l isées,  ces 
consonnes tendent à perdre leur occlusion en devenant des nasales 
préglot ta l isées (s tade a t t e s t é  par le ton,  pour l e  khamti, le tay— 
nüa, le  zhuang de Po—a i )  qui sont maintenant des  nasa les  ordinai- 

r e s .  Dans d 'au t res  d ia lectes,  el les deviennent des spirantes so— 
nores (shan, tay-noi r ) .  
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Le passage aux sonores ordinaires a dû se produire en khasi, 
langue austroasiatique isolée en domaine t ibëto-birman. 

Le penjabi ,  langue indo-aryenne vois ine du sindhi, a dû pas-  
ser par le même stade que ce lu i—c i ,  car les occlusives sonores de 
c e t t e  langue sont l iées au ton haut ;  e l l es  ont é t é  p rêg lo t ta l i -  
sées .  E t  lorsque les  anciennes sonores se sont assourdies (comme 
en khmer), la prëglot ta l isat ion,  n 'é tan t  plus per t inente, :æpu dis— 
paraî t re .  
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TYPOLOGICAL UNIVERSALS, ASPIRATION, AND POST—NASAL STOPS 

Robert  K .  Herbert ,  Department o f  Linguistics and Oriental  and 
Af r ican Languages, Michigan S t a t e  Univers i ty ,  East  Lansing, MI 
u882u,  U . S . A .  

In t roduc t ion  

Probably the least marked t ype  o f  consonant c lus ter  found 

among the wor ld ‘s  languages i s  Nasal + Oral Consonant (NC) .  The 
unmarked s ta tus  o f  th is  sequence i s  demonstrated b y  a number o f  

f a c t o r s ,  including their occurrence in many languages otherwise 

character ized by  CVCV s t ruc ture .  Perceptual ly,  such a sequence is  

easi ly exploited s ince nasal consonants,  although easi ly  confused 

within the c l a s s ,  are quite d is t inc t  from oral consonants.  The 

confusion within the c lass accoun ts ,  in pa r t ,  for the fac t  that NC 

sequences are very frequently homorganic. Ar t icu la tor i ly ,  the se -  

quence o f  gestures required t o  produce a NC c luster i s  re lat ively 

simple, involving only a raising o f  the velum for the sequence nasal 

plus vo iced s top  ( N D ) . l  For other types  o f  NC c lus ters  other ges-  

tures are necessary  such as a cessa t ion  o f  vocal  fo ld  act iv i ty  and 

a reduct ion in the degree o f  s t r i c tu re .  Further,  the optimal 
opposi t ion within NC sequences is  demonstrated b y  i t s  frequent 

exploi tat ion in unit sound t y p e s ,  the so-cal led "half-nasal con- 

sonants" ,  pre- and postnasal ized consonants .2  

The degree o f  ar t iculatory and perceptual complexity i s  mir— 

rored in the re lat ive markedness o f  NC t y p e s .  Thus, the least  

marked type o f  c lus ter  i s  ND. Other types occur ,  even among the 
3 half-nasals, but these are l ess  common and many derivational 

p r o c e s s e s ,  bo th  synchronic and diachronic, conspire t o  produce NC 

inventories o f  the least marked t y p e .  

( l )  The following symbol abbreviations will be used within the 
t e x t :  Nasal + Voiced Stop (ND), Nasal + Voiceless Stop ( N T ) ,  
Nasal + Vo iced  Fricat ive ( N Z ) ,  e t c .  Other symbols employed 
have their  standard phonetic values.  

( 2 )  The half—nasal consonants are distinguished from NC c lus ters  
by a number o f  f a c to r s ,  the most essent ia l  being that o f  dura— 
t ion.  The two  components o f  a half—nasal wi l l  exhibit the 
combined sur face duration equivalent t o  a single consonant. 

( 3 )  This frequency is demonstrated in both cross—language fre— 
quency o f  occurrence and t e x t  f requency. In a 1000 phone 
count o f  a Rundi t e x t ,  the following s ta t i s t i cs  were obtained: 
NC ( 3 0 ) :  ND ( 2 1 ) ,  NT ( H ) ,  NZ ( H ) ,  NS ( 1 ) .  
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A typological  survey o f  the p r o c e s s e s  a f f e c t i n g  e i ther compo— 

nent o f  a NC sequence provides two inventories o f  p r o c e s s ,  one 

a f fec t ing  the nasal and one the oral consonant. Among the former, 

only homorganicity assimilation i s  common whereas posi t ional  as -  

similation o f  the oral consonant i s  r a re .  Perhaps the most  common 

p rocess  a f fec t ing  the oral  consonant i s  pos t—nasa l  vo ic ing o f  

v o i c e l e s s  consonants .  In such a sequence,  there are two primary 

motions which distinguish the two components: ( l )  raising o f  the 

velum, ( 2 )  cessat ion o f  vocal fold vibration. I f  the two are not 

coordinated the following sequences obta in:  ( a )  N ç ç ,  or ( b )  Ngg. 

In many languages the former tendency has been  phonologized s o  

that all pos t -nasa l  consonants are vo i ced .  

Another common p rocess  is  post-nasal  hardening which, in con— 

Junction wi th  voicing, accounts for  some o f  the many inventories 

containing only ND. Hardening actually involves two sub types ,  but 

since many languages exhibit these  in conjunct ion,  i t  i s  perhaps 

b e s t  t o  v iew this si tuat ion a s  a continuum: 

continuant 4 a f f r i ca te  » s top  

In many c a s e s ,  the hardening e f f e c t  o f  nasals i s  evident even 

after the nasal i s  lost  historically. ' 
Other p rocesses  not o f  relevance t o  the present paper include 

postenasal de-implosion (Shona /N+b/4 [mb] ) ,  e ject iv izat ion (Zulu 
/N+ph/+[mp°]),  e t c .  The situation with regard t o  aspiration o f  
vo ice less  stops is  problematic. On the one hand, some languages 

exhibit clear patterns demonstrating the loss  of  aspiration in 

this environment. However, other languages show aspirat ion develop- 

ing in th is  c o n t e x t .  Thus, there are conf l ic t ing tendencies which 

ex is t  wi th regard t o  aspirat ion. This i s  not a fe l ic i tous situa— 

t ion since it i s  otherwise possible t o  determine a general direc- 

t ion o f  evolution. While changes o f  the sort  Ng + N ç ,  NT * NTS 

occasionally occur,  they are rare and other factors are found which 

explain these anomalous developments.  

Loss  o f  Aspirat ion 

In Zulu, aspiration is  l os t  in contact wi th  nasal consonants. 

Doke (1926) reports the development o f  e ject ives from aspirates in 
this con tex t ,  but not all speakers exhibit th is tendency. Aspira- 

t e d  c l icks are replaced by  simple nasal c l icks when they are 

brought under nasal  influence in Zulu whereas they merely lose  
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their aspiration in Xhosa. Tarascan (Foster 1969)  has two series 
o f  underlying non-nasal obstruents /p t c E k /  and /ph th  ch äh 
kh/ .  In contac t  w i th  nasal consonants, the plain consonants are 
vo iced,  and the aspi rates become plain vo ice less  consonants,  e . g .  
/N+p/ 4 [mb ] ,  /N+ph/ * [mp] .  Devine (197” :19)  notes that i t  may 
b e  b e s t  t o  regard th is  as  a sl iding sca le  o f  complexi ty and that 

the normal s t a t e  for vo ice less  consonants in contact  wi th preceding 

sonorants is  unaspirated. 

Development o f  Aspi rat ion 

In his useful  survey o f  the noun c lass  sys tem o f  Bantu, Kadima 

(1969 :63 -5 )  no tes  that the most common deveIOpments o f  NT sequences 
are:  

/N + p t k/ * [ p  t k ]  
[ph t“ kh] 
[mph nth nkh] 

Other developments also occur, e . g .  [mb nd n g ] ,  [@ n g ] .  The 
present concern is  wi th the development o f  aspiration. In Venda 
(Ziervogel  and Dau 1961),  Bantu nasal compounds deve10p as fo l low:  

*mb > mb *mp > ph 
*nd > nd *nt > th 
*ns > ns  *nk > kh 

When the simple s tops  are not under nasal inf luence, they undergo 
spirantization: 

*p t k > o r h 
*b d s > B 1 @ (J) 

However, not all languages which develop aspirat ion exhibit a 
weakening o f  s tops otherwise;  i t  i s  therefore not possible t o  
at t r ibute aspiration t o  any general weakening p r o c e s s .  

Hinnebusch (1975) attempted to  reconstruct the phonetic pro- 
c e s s e s  in Swahili by  which *mp nt nk became ph th  kh.  
a two-s tage  p r o c e s s ,  the f i r s t  o f  which i s  nasal devoicing, fo l -  
lowed by  delet ion. It i s  proposed that nat ive speakers reinter— 
pre ted  the period o f  initial noisiness as post—aspirat ion rather 

He proposed 

( ü )  However, the nasal is  retained in both  ser ies wi th monosyl- 
labic stems although it comprises a separate sy l lab le:  
nkho '1arge p o t ' ,  nt 3 ' louse ' .  Further, the nasal is re— 
tained i f  i t  represents the f i r s t  person singular ob jec t  
marker. 
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than preaspiration. The following i s  attr ibuted t o  John Ohala: 
* N g  

Näg (unattested) 

Nfigh (unattested) 139/ \ïçh. 
ç h /  \Igh Nh 

Givon ( 1 9 7 a )  explains the development o f  aspiration by  reference 

t o  three f ac t s  

1)  assimilatory devoicing o f  nasals before  vo ice less s tops  

i i )  voiceless nasals tend " t o  be perceived as breath" 
i i i )  vo ice less  s tops tend t o  be universally aspirated 

A perceptual confusion arises and there i s  a metathesis in which 

nasal breath is  interpreted as post-aspirat ion. Ignoring for the 

moment the assert ion that aspirat ion i s  the natural s ta te  for 

vo ice less consonants universally, a universal o f  doubtful va l id i ty ,  

the metathesis analysis seems plausible. 

The two  unat tested stages above represent periods o f  variation 

before any phonetic tendency is  phonologized. Wide variation in 

the real izat ions o f  NT sequences are found in many languages, e . g .  
in Malagasy /mp/ may be [mp, mp, hp, p ,  pñ, ph].  
Further Development o f  the Aspirates 

Aspirated s tops  derived in th is manner are liable t o  other 

developments a f te r  the nasal has been l o s t .  Frequently, they 
develop into fr icat ives or a f f r i ca tes .  There is  much comparative 
evidence t o  support th is ,  e . g .  Tswana mhaxo, Pedi mphaYo, Sutho 
mofao ' p rov iS ions ' .  ( C f .  a lso the development o f  postnasal ized 
stops into aspirates and fr iéatives in many New Caledonian lan— 
guages (Haudricourt 196A,  1971) . )  Languages frequently pass 
through an af f r icate stage before the fr icative inventory is estab- 
lished. Hyman (197A) argues that even when there is no evidence 
for such a stage we may assume a " telescoping" o f  p rocess.  The 
important point here is  t o  note that these developments occur 
only a f te r  the nasal has been l o s t ;  this explains why correspond— 
ences such as *mp nt nk » f e x do not violate the universal o f  
hardening discussed above. Similarly, Sango *nk > nx must have 
passed through an intermediate stage *nkx (<*nkh)  which derives 
from aspiration being interpreted as a velar fr icative due t o  the 
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acoust ic  similarit ies between the t w o .  This seems plausible when 

In f a c t ,  

the aspiration o f  velars in many languages is  o f t en  phonetically 

[ x ] ,  e . g .  Scots  Gaelic (Ternes 1973) .  
Another seemingly anomalous situation is  presented by lan- 

we view the rest  o f  the NT ser ies :  *mp > mh, *nt > nh. 

guages in which s tops  are voiced except  a f te r  a nasal .  This i s  

certainly a preferred environment for voicing, y e t  there are cor- 

respondences such as Bulu: 
* p  > V , *mp > f 

* t  > 1 *nt > t 
* k  > Q * n k  > k 

It i s  necessary t o  explain the non-voicing o f  / f  t k /  as  resulting 

from previous aspirat ion, which prevented voicing in this posi t ion.  

A complete inventory o f  p rocesses a f fect ing the derivation o f  

NC sequences i s  beyond the scope o f  this short paper. Although 

there are relatively few processes which operate on ND sequences, 

really only simplif ication in favor o f  the oral or nasal consonant, 

a number o f  p rocesses  conspire t o  produce NC inventories which 

include only ND sequences.  These include both d i rect  and indirect 

p rocesses ,  i . e .  those which change feature speci f icat ions and 

those which eliminate one component o f  the sequence. Apart from 

the universal primacy o f  ND sequences, there may b e  language- 

spec i f i c  variation in terms o f  the relat ive weightings o f  other 

t ypes ,  e . g .  NT, N Z .  

Typology and Reconstruct ion 

Part o f  the value o f  surveys o f  evolutionary processes  i s  

that they serve as usefu l  too ls  in diachronic l inguist ics.  This 

idea is  far from novel. Jakobson (1958) noted that such studies 
form the touchstone o f  validity for  all reconst ruc ted  sys tems .  

The interaction o f  p rocesses  o f  change as well as the direction- 

al i ty o f  change i t s e l f  o f ten  provide insight in to  problems o f  

reconstruct ion. Studies o f  this sort  point not only backwards to  

possible sources o f  origin, but also forwards t o  future directions 

o f  possible change. 

Bennett ( 1 9 6 7 ) ,  in d iscussing the voicing o f  post-nasal s tops 

in several Eastern Bantu languages, reconstructs the phonetics o f  

change a s :  
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«lt—mp > *mq: > *mp, > mb 

*nt > *ne > *nö > nd 
Nasality i s  l o s t  in certain cases and *mp > e or f .  However, there 
are several  ser ious problems with the proposed reconstruct ion.  
Speci f ica l ly ,  the change *mp > me i s  unlikely t o  the extent  that 
consonants tend t o  harden in this environment. In f a c t ,  the se— 
quences [mé mp ne n ö ]  are all uncommon. Although [mß]  occurs, i t  
always represents /mß/‚ never /mb/, and the more common realiza— 
tions o f  such a sequence are [mb, p ,  b ] .  Ladefoged (1968zü7)  
reports the existence o f  [ n e ]  in Sherbro, a surprising fact  since 
Sherbro also exhibits / f  v 8 / ,  none o f  which appear after a nasal. 
Kamba exhibits [ n ö ] .  On the whole, however, this is a rest r ic ted 
class o f  sounds. 

Further, the fac t  that intervocal ic vo ice less s tops lenite 
cannot b e  c i t e d  as evidence that post-nasal  s tops behave similarly. 
There are numerous examples where the two develop di f ferently. 
For example, Londo *mp nt nk > p t k whereas p t k > B t x .  In 
Mbole, *mp nt nk > f t k and *p t k > e t Q. A crucial fact in 
cases  exhibit ing the development o f  a f r icat ive from a vo ice less  
s top  is  that nasality is  l o s t .  In such a c a s e ,  intermediate stages 
are a t tes ted  elsewhere, e . g .  Lwena *mp nt nk > ph th kh and p t k > 
h t k .  A l so ,  the ex is tence o f  nasal and fr icat ive ser ies generally 
implies the ex is tence o f  nasal and s top  se r i es ,  which condition is  
not met b y  Benne t t ' s  sys tem.  Thus, the proposed recons t ruc ted  
chronology cannot be  accepted,  especial ly in view o f  the frequency 
and naturalness o f  the process whereby consonants are voiced a f ter  

The point here i s  that although i t  i s  neces— 
sary t o  make inferences about the phonetics o f  prehistory, these 
inferences must b e  solidly grounded in a theory o f  universal pro- 
c e s s e s  and phonetics. There are definite limitations t o  be p l a c e d .  
upon the importance at tached t o  such studies for other purposes, 

a nasal consonant.  

L 
_ _  

( 5 )  Cases such as Makua *mb nd ng > p t k must involve two dis- 
tinct stages:  (1) nasal l oss ,  ( 2 )  later devoicing. There is  
no neutralization o f  NC series since *mp nt nk > ph th k . 
One s tep  neutralizations o f  NC ser ies  always favor the voiced 
ser ies,  e . g .  Yao *mp, mb > mb; *nt,  nd > nd; *nk,  ng > ng. 
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e . g . ,  genetic c lass i f i ca t ion ,  linguistic subgroupings, e t c .  

… 
This br ie f  paper has attempted t o  demonstrate how various 

claims made by  Jakobson,  Greenberg, and others may b e  applied t o  

the study o f  NC sequences.  This included an examination o f  the 

relationship between synchronic universals and diachronic processes  

and between typology and universals. Greenberg ( 1 9 7 0 a z 6 l )  points 

out that the former fol lows logically from the fac t  that no change 

can produce a synchronically unlawful s ta te  and that all s t a t e s  

are the outcome o f  diachronic p rocesses .  The d is t inct ion between 

s t a t e  and process is  an important one. The general d i rect ion o f  

NC evolution toward the least marked ND sequence again supports 

the generalization that diachronic process explains frequency in 

phonology. The pred ic t ive power o f  typological studies demonstrates 

this complex interact ion between the shape and patterning o f  phono- 

logical sys tems.  
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UNIVERSALS OF VOWEL SYSTEMS: THE CASE OF CENTRALIZED VOWELS 

Jean-Marie Hombert, Linguistics, 

University o f  Cali fornia, Santa Barbara, USA 93106 

This paper attempts to explain why centralized vowels ( i . e .  

vowels which are not located on the periphery o f  the vowel Space) 

are relatively less common than peripheral vowels. 

1. Surveys ofgphonemic systems, phonetic universals and "exotic" 

languages. 

I f  one is  interested in discovering phonetic universals some 

o f  the most fruitful places to search for  potential universals are 

large scale surveys o f  phonetic and phonemic inventories. Despite 

the crit icism leveled against these surveys i t  is our belief that 

such surveys are useful in that asymmetries or systematic gaps in 

these inventories may reveal in their explanation universal pho— 

netic processes. Once such a potential universal or universal 

tendency has been uncovered each language exhibiting this process 

should be reexamined through careful  study o f  available sources, 

consideration of  possible reinterpretations o f  the data, and when 

possible, accurate phonetic data should be obtained. 

Until very recently the bulk o f  available phonetic data, es— 

pecially perceptual data, has come from a handful o f  languages. 

Due to the availability o f  phonetic equipment and presence o f  re— 

search groups located in the countries where these languages are 

Spoken available phonetic data has been largely limited to Danish, 

Dutch, English, French, German, Japanese and Swedish. It is clear 

that i f  we are to understand universal phonetic processes, our data 

base must be extended to include more "exotic" languages. 
Most perceptual data has been gathered from experiments con— 

ducted under laboratory conditions using linguistically sophisti- 
cated subjects. Obviously i f  we are to gather similar data from 

languages spoken in areas remote from laboratory faci l i t ies,  i t  is 

necessary to design techniques o f  data gathering suitable for use 

in the f ield with linguistically naive subjects.  In Section 3 one 

such design wi l l  be discussed. 
2 .  The case o f  centralized vowels. 

' I t  is clear from surveys o f  vowel systems that centralized 
vowels are less commonly found than peripheral ones. In the case 
o f  languages which do have centralized vowels i t  is not rare that 
different sources wil l  vary in the treatment of  such vowels by 
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attributing to a given vowel d i f ferent  phonetic qualities. These 

variations suggest that either these vowels are more prone to h is-  

torical change or are more di f f icult  to identify correctly by the 

investigator. I t  appears, then, from these surveys that non-periph- 

eral vowels, that i s ,  vowels which in acoustic terms have a second 

formant of approximately 1200-1700 Hz ,  are rare and that they are 
more subject to change than peripheral vowels. 

In Section 3 we will use data from a.perceptual experiment car— 

ried out on the Grassfield Bantu languages of Cameroon. Because o f  

space constraints in this paper, we will use only data from one 

speaker o f  the Fe?fe? language1 to  suggest possible explanations 

for the rar i ty as well as instability of non—peripheral vowels. 

3 .  Experimental paradigm 

Fe?fe?  contains eight long vowels in open syllables. These 

vowels are [ i ,  e ,  a ,  n ,  o ,  u ,  u ,  a ] .  A word l ist  consisting o f  

eight meaningful Fe?fe? words contrasting these eight vowels was 

elicited from native Fe?fe? speakers. The Fe?fe? speakers were 

asked to read these eight words which were l isted five times each, 

in random order. After the repetition of  each word, t he—f i na l  sound 

o f  the word, that is the vowel, was repeated once. Both the vowels 

o f  the meaningful words and the vowels in isolation were subsequent- 

ly analyzed. 

Subjects were then asked to listen to 5 3  synthetic vowel stim- 

uli, each presented five times in random order. After the presenta- 

tion of  each stimulus the subjects were instructed to point out 

which Fe?fe?  word in the eight-word list that they had previously 

read, contained the same "f inal sound", i . e .  vowel, as the stimulus. 

Subjects had the option to claim that some o f  the stimuli did not 

sound like any o f  the eight Fe?fe? words. The 5 3  synthetic stimuli 

were selected to maximally cover the vowel space; F1 was varied be- 
tween 250  Hz—750 H z ,  F2 between 6 5 0  Hz—2350 Hz and F3  between 2300  
Hz—3100 H z .  This task was designed so that native speakers would 
divide the vowel space according to their own vowel systems.2 
4 .  Results 

The results o f  the acoustic analysis and o f  the perceptual 

(1) For more data and a more complete description of the experimen- 
tal paradigm, see Hombert ( in preparation). 

( 2 )  I t  should be noticed that this method does not allow study o f  
diphthongs since all stimuli used have steady state formant 

frequencies. 
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experiment for one Fe? fe?  speaker are presented in Figure 1 and 
Figure 2 respectively. Since F3 values are not relevant for the 
point that we want to make here the data are presented in an F1 x 
F 2  space. Each vowel indicated in Figure 1 is the average o f  five 
measurements. The spectra were computed 100 msec. a f te r  vowel on- 
set using LPC analysis. The phonetic symbols appearing in Figure 2 
indicate that at least four times out of  f ive this stimulus was 

identified by the Fe?fe? speaker as the same vowel. 
We will’consider the two vowels [ a ]  and [ a ] .  Two unexpected 

results emerge from the data: 
1. When comparing acoustic and perceptual data i t  is not sur- 

prising to find that the stimulus with Fl at 750 Hz and F2 at 1250 
Hz is identified as the vowel [ a ]  since a vowel with such a for— 
mant structure could have been produced by a Fe?fe? speaker with 
a larger vocal t ract s ize than the speaker considered here. What 
is surprising, though,. is that the stimulus.with the formant struc- 
ture Fl at  750 Hz and F2 at 850 Hz was also identified as [ a ] .  
These results are even more surprising when one considers that the 
intermediate stimulus (750 Hz - 1050 Hz) was identified as [ n ] .  It 
is likely that in the case o f  the stimulus with F1 at 750 Hz  and 
F2 at 850  Hz the two formant peaks were perceived as one formant 
peak, that is as F1. One thing remains to be explained: in the a— 
coustic data, the Fe?fe? vowel [ a ]  has a peak around 1600 Hz but 
the stimuli with Fl at 750  Hz and F2 at 850 Hz  does not have a peak 
in this frequency region. Let us just say for the moment that the 
saliency o f  the peak at  1600 H z  seems to be perceptually secondary. 

2 .  Two stimuli (F1 a t  350  Hz ,  F2 at 1500 Hz and F1 at 450 H z ,  
F2 at 1500 Hz) are identified as [ a ] ,  which is what we would ex— 
pect considering the location of  [ a ]  in Figure l .  However the iden- 
tification of the stimulus with Fl a t  450 Hz and F2 at 6 5 0  Hz  with 
[ 9 ]  comes as a surprise. Notiée that F1 and F 2  are also close to 
each other for this last stimulus, which could have lead to the 
perception o f  them as one peak corresponding to the f i rst formant. 
But notice also that this stimulus does not have a peak around 
1500 Hz.  As in the case of  the vowel [ a ]  i t  appears that the per- 
ceptual saliency o f  the peak around 1500 Hz did not play a major 
role in the identification of the [ a ] .  
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Figure l .  Acoustic data:  the Fe?fe? vowel system, 
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. . 3 
5 .  Discuss1on 

Two possible explanations to account for the lack o f  saliency 

o f  formant peaks around 1500 Hz  are being explored now. 

1. Spectrum-based representation o f  vowels.  

Our results would be compatible with a mechanism o f  vowel 

perception which looks for certain amounts o f  energy within f re-  

quency regions rather than formant peaks.  In the cases which we 

discussed in the previous section, the unexpected vowel identif i- 

cation happened with stimuli which had their f i r s t  and second for-  

mants very close to each other. In such cases the closeness o f  the 

f i r s t  two peaks leads to an increase in amplitude o f  the spectrum. 

This increased amplitude may have created suf f ic ient  energy in the 

1500 Hz  region to lead to these "perceptual mis takes" .  

2 .  Place v s .  periodicity mechanisms. 

Pitch is  processed by dif ferent mechanisms depending upon i t s  

frequency region. The boundary between these two mechanisms (place 

v s .  periodicity) i s  not well defined. I t  i s  possible that for some 

subjects a defect ive overlap between these two mechanisms in the 

1500 Hz  region could create the perceptual mistakes presented in 

Section 4 .  

6 .  Implications 

The explanation generally provided to account for the relative 

scarcity o f  non-peripheral vowels is  based on the principle o f  max— 

imum perceptual distance presented by Li l jencrants and Lindblom 

( 1 9 7 2 ) .  Our results suggest a di f ferent explanation — non-peripheral 

vowels are avoided because one o f  their components (F2)  i s  located 

in a relatively l ess  salient perceptual zone. I f  this is  the case 

we can now understand why processes leading to vowel centralization 

(vowel nasalization. rounding of  front vowels, unrounding o f  back 

vowels) are relat ively uncommon. 

Finally we should point out that "perceptual mistakes" such as 

the ones reported in Section 4 were found in approximately one out 

o f  f ive subjects.  with the "mistake" being consistently made by the 

one subject .  These resul ts  would be consistent with a theory o f  

sound change which claims that sound changes are initiated by a 

minority o f  speakers. 

( 3 )  The reason why previous experiments on vowel perception did 
not uncover this problem may be due to the nature o f  the ex- 
perimental paradigm as well as the range o f  stimuli used in 
this experiment. 
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(v i i )  äg-_4—m/ “_ r ( [ ¢ : v a ]  vs [œzra] ;  Swedish). 

ç / + f r o n t  V 
( v i i i )?x  1} / e l s e w h e r e — ( [ 1 ‘ ç t ]  vs [ a x t ] ;  German). 

/h/ rea l iza t ions o f  Japanese c f .  ( v )  above.  

n——«-m / b __ ( [ha :bm]  (haben);  German). 
( i x )  3 /n /  rea l iza t ions o f  Swedish c f .  ( i i i )  above.  

—voic 
r-———1' / L s o n  ] ( t r y ,  c r y ,  p ry ;  Engl ish) .  

3....3 _ [  - vo i c ]  [nendy ]  
m ) 3 k - — — ~ k /  _ [ + v o i c ]  [ s a g d o n ]  French 

The above examples o f  p r o -  and r e g r e s s i v e  ass imi la t ions  
suggest that ass imi la t ion  be hypo the t i ca l l y  descr ibed as  a reduc- 
t i o n  o f  a r t i cu la to ry  d i s tance  in a r t i c u l a t o r y  space .  Do they 
imply a syntagmat ic pronounceabi l i ty cond i t i on ,  favor ing a reduc- 
t i on  o f  the phys io log ica l  equivalent o f  a power cons t ra in t ,  
mechan ica l  wo rk  ( f o r c e : x d i s t a n c e ) / t i m e  ( a  LESS EFFORT p r i n c i p l e ) ?  

Can a t  leas t  some phonological f a c t s  be i n te rp re ted  as cases  o f  
con t ras t -p reserv ing  a r t i c u l a t o r y  s imp l i f i ca t i ons?  What i s  the i r  
behav iora l  or ig in? 
3 .  Speech - 3 Physio log ica l  P ian iss imo.  
3 . 1  The quest ion a l s o  a r i ses  whether spoken language underex- 
p l o i t s  the degrees o f  freedom that  in p r i nc i p l e  the anatomy and 
physio logy o f  speech product ion make ava i l ab le .  Seen against the 
f u l l  range o f  capab i l i t i es ,speech  g e s t u r e s ,  l i ke  many o ther  
sk i l l ed  movements, appear t o  be phys io log ica l l y  "streamlined" 
both  a s  regards muscle recru i tment  and f o r c e  l eve l s  ( c f .  jaw 
c l o s u r e  a s  a Speech ges tu re  and in  m a s t i c a t i o n ,  Speech  b rea th ing  

v s  reSpirat ion in general ,  a r t i c u l a t o r y  ges tu res  v s  swallowing 
e t c ) .  Extreme displacements o f  a r t i c u l a t o r y  organs do not occur 
(PIKE 1 9 4 3 ,  150) although such conf igurat ions are  avai lab le 
and y ie ld  acous t ica l l y  equivalent r e s u l t s  (ev idence from non- 
speech:  body-arm, eye-head coord ina t ion ;  and f r om  speech:  l i p /  
tongue-mandible and tongue blade-tongue body coord ina t ion  (LIND- 
BLOM e t  a1 1 9 7 4 ) ) .  Do we in t h e s e  c i r c u m s t a n c e s  s e e  t he  ope ra t i on  

o f  an economy o f  e f f o r t  principle? A p r i nc ip le  t h a t  we should 
invoke t o  explain how and why speech and non-speech sounds d i f f e r  

a——+-a/w __ (was ,  swan, quar re l ;  Middle English). 
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and t o  account f o r  c e r t a i n  phonolog ica l  r egu la r i t i es  as we l l  as  
the ins tances o f  hypo -a r t i cu l a t i on  ( reduc t ions ,  e l l i p s e s ,  co -  
a r t i c u l a t i o n s  e t c . )  in  spontaneous speech.  ” T o d a y s ' s  al lophonic 
va r ia t ion  leads t o  t o m o r r o w ' s  sound c h a n g e . . . ”  OHALA (1979 ) .  
3 . 2  Pronounceabi l i ty  and Sy l l ab le  S t ruc ture .  
F IG.  1 shows average measurements o f  jaw pos i t i ons  f o r  Swedish 
apical  consonants in the environment [ a ' C a z ] .  The product ion o f  
these consonants permi ts  a var iab le  inf luence o f  the open jaw 
pos i t ions  o f  the v o w e l s .  Thus the dimension o f  jaw opening revea ls  
one aSpect o f  the i r  "w i l l ingness”  t o  coar t i cu la te .  I t  i s  o f  con- 
s iderab le  i n te res t  t o  see tha t  t h i s  measure c o r r e l a t e s  wel l  w i t h  
their universal ly favored pos i t i on  in i n i t ia l  and f ina l  phono— 
t a c t i c  s t ruc tu res  (ELERT 1970) .  I f  the present observat ions a r e  
genera l ized, they  imply t h a t  the phonet ic s t ruc tu re  o f  c l u s t e r s  
can be explained a t  l e a s t  in pa r t  w i t h  re ference t o  ease o f  co— 
a r t i cu la t ion  (ELERT 1970,  BRODDA 1 9 7 2 ) .  

c: >- 
UJ :: w a 
E < a ' C o :  ' ‘ c: — r _ 25 gg _ l ‚ / ’ _ 
-J 35 :: — _ 
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FIG. 1 
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4 .  The Dist inct iveness "Conspiracy".  
4 . 1  Language structure exhibi ts redundancy at  a l l  leve ls .  
4 . 2  Speech generation i s  an output-oriented process :  The re ference 
input t o  the speech control  system i s  specif ied in terms o f  a 
des i red output. The dimensions o f  the target  speci f icat ions are  
sensory ,  primarily auditory. Evidence supporting the primacy o f  
auditory targeting comes from work on compensatory ar t iculat ion,  
speech development and the psychological real i ty  o f  phonological 
structure (LINDBLOM e t  al t o  appear, LINELL 1974 ) .  
4 . 3  Speech understanding i s  an ac t i ve  (top-down or conceptually 
driven) process.  ( C f .  the demonstrations o f  context-sensit ive 
processing,  res istance to  signal degradation, phonemic r e s t o r a -  
t i on ,  verbal  t ransformat ion e t c . )  
4 . 4  The speech system may possess  specialized mechanisms that con- 
t r ibute towards enhancing the dist inct iveness o f  stimulus cues.  
Examples o f  such hypothetical mechanisms are ”feature de tec to rs "  
in speech perception. Special izat ion o f  speech production has been 
suggested in the case o f  the phylogenetic deveIOpment o f  the human 
supralaryngeal vocal t rac t  whose shape LIEBERMAN (1973) interprets 
as a primarily speech-related adaptation increasing the acoust ic  
space available for  speech sounds. 
4 . 5  Phonetic ta rgets  are se lec ted  so as t o  re ta in  acoustic s ta -  
b i l i t y  in the face o f  ar t iculatory imprecision (STEVENS 1972)? 

The propert ies l i s ted in 4 . 1  through 4 . 3 ,  do they have a 
common origin in a bas ic  principle o f  language design v i z . ,  the 
DISTINCTIVENESS CONDITION: d i f ferent  meanings sound diff;rent? 
The preservat ion o f  meaning across  encoding and decoding seems t o  
be favored by redundancy, output-or iented and act ive process ing 
(rather than by lack o f  redundancy, exclusively input-oriented 
encoding and purely passive decoding s t r a t e g i e s ) .  Thus the 
question ar i ses  whether these a t  f i r s t  seemingly unrelated a t t r i -  
butes form an evolutionary "conspiracy".  Do they const i tute three 
d i f ferent  ways o f  coping wi th a physical signal which is inevitably 
going t o  be  noisy,variable and ambiguous? 4 . 4  and 4 . 5  could o f f e r  
re la ted advantages. What is the behavioral origin o f  the d is t inc-  
t iveness condition? 
5 .  Speech DeveIOpment. 
5 . 1  Imperfect learning: Can perceptual  s imi lar i ty and.ar t icula-  
tory reinterpretat ion serve as a source o f  phonological innova- 
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t ion ( c f .  JONASSON ( 1 9 7 1 ) ) ?  Many sound subst i tut ions in chi ldren‘s 

speech appear compatible with this interpretat ion: e——f, ï—*w 
c f .  2 .1 .  The child i s  a cognit ive and phonetic bot t le—neck through 
which language must pass .  Does the process o f  acquisit ion leave 
i t s  imprints on language structure? 
5 . 2  Select ion o f  the f i t t e s t :  A speech community may use in f ree 
variation several  real izat ions of a given form. The se t  o f  f r ica-  
t ives may contain / f ,  s ,  I ,  ç /  and /h/ with the / I /  produced as 
[ 5 ]  and [ 5 ]  ( c f .  Swedish).  The dist inct iveness principle favors 
[ 5 ]  which contrasts bet ter  with [ ç ]  than [ s ] .  The lower confusion 
r isk o f  the pair [ fi ]  / [ ç ]  promotes i t s  recept ion and learning by 
the child. There i s  in this case thus a behavioral rather than 
teleological  mot ivat ion for  the dist inct iveness condition. I f  
sound patterns show evidence o f  perceptual d i f ferent ia t ion,  i s  
communicative "se lect ion o f  the f i t t e s t "  among several  competing 
forms one o f  the evolutionary mechanisms? Select ion occasionally 
occurs from a r ich var ie ty  o f  hypg- as wel l  as hyper-articulated 
forms (STAMPE 1 9 7 2 ) .  
source o f  d ist inct iveness? 

I s  hyperart iculation another behavioral 

6 .  Non-Phonetic Origins o f  Sound Pat terns:  Socia l  Biasing. 
Select ion o f  speech forms i s  influenced not  only by produc- 

tion and perception fac to rs .  Phonological cont ras ts  vary as a 
function o f  soc ia l  variables (prest ige,  age,  c l a s s ,  s e x ,  s ty le 
e t c . ) .  Does the interaction o f  the sometimes conf l ict ing require- 
ments o f  socia l  and phonetic fac tors  account for  the fac t  that 
there i s  no evidence (GREENBERG 1959) that language change leads 
to  more ef f ic ient  l inguistic systems? 15 local  rather than global 
phonetic evaluation o f  systems (KIPARSKY 1975) another reason why 
languages do not seem t o  be converging toward a single optimum 
equilibrium? 

The emergence o f  a phonological system can be simulated on 
the bas is  o f  current models o f  production and perception. FIG. 2 
shows some computational resu l ts  obtained by an application of  

i - l  
2 551 Tij(t)°Lij(t)-Sij(t)<:CONSTANT (1) 
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where g i s  the s i z e  o f  a univerSal inventory o f  segments, T i j  
represents a (t ime-varying) talker-dependent measure o f  evalua- 
t ion for  a given con t ras t  (pronounceability condit ion),  L i j  
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r e f e r s  t o  a l istener-dependent evaluat ion (d i s t i nc t i veness  con— 

d i t i on ) , and  S i .  r e f l e c t s  the balance between soc ia l  and phonet1c 

f a c t o r s .  F IG.  2 i l l u s t r a t e s  the  
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FIG.  2 

in terac t ion  between the c r i t e r i a  o f  d is t inct iveness and socia l  

imi tat ion in deriving the Swedish vowel  system from a larger se t  

o f  universal vowel  types ( represented in terms o f  canonical 
audi tory pa t te rns ) .  The socio-phonet ic balance var ies f rom ze ro  
( " soc ia l  imitation" dominates) t o  uni ty (natural phonetic 
f a c t o r s ,  T and L ,  dominate). I t  i s  applied t o  the contrasts o f  
Swedish w i th  the values shown. For non-Swedish con t ras ts  S=1. 
Apparent ly there are many systems (out o f  a to ta l  o f  92378) that  
meet our present cr i ter ion o f  d is t inc t iveness equally wel l  or 
be t t e r .  I f  we had reason t o  be l ieve that  the ro le  o f  natural 
phonetic fac to rs  in the genesis o f  the Swedish vowels  was cor— 
rec t l y  and exhaust ively r e f l e c t e d  in our calculat ions we would 
conclude that soc ia l  fac to rs  are quite important in their develop- 
ment. We d o n ' t .  A great deal o f  work on phonetic naturalness 
remains to  be done before any s a f e  conclusions can be drawn. 
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However ,  we b e l i e v e  t ha t  the  approach w i l l  be u s e f u l  in  s tudy ing 
phonological  c o n t r a s t s  p a r t i c u l a r l y  i n  c h i l d  language and c r o s s -  
l i ngu is t i ca l l y .  
7 .  A "Darwinian” Theory  o f  Phonological  U n i v e r s a l s .  

Suppose tha t  we answer a l l  the  ques t ions  o f  the preceding 
d iscuss ion in the a f f i r m a t i v e .  We accep t  as our nu l l  hypotheses  
the assumptions tha t  l ea rnab i l i t y ,  pronounceabi l i ty  and pe rcep t i— 
b i l i t y  condit ions can  account fo r  d i f f e rences  between speech and 
non—speech sounds, tha t  d isc re teness  r e f l e c t s  the  opera t ion  o f  
memory, learning and decoding mechanisms, t ha t  sound changes a re  
inf luenced by  soc ia l  var iab les  and shaped by  demands for  per -  
ceptual  e f f i c i e n c y  and convenience o f  p roduct ion ,  and that  the 
o r ig in  o f  such demands i s  p rosa i ca l l y  behav iora l  ra ther  than 
myster ious ly  t e l e o l o g i c a l .  Such accep tance  b o i l s  down t o  the 
idea tha t  phonological  s t ruc tu re  a r i s e s  b o t h  phy logenet ica l ly  and 
ontogenet ica l ly  by "natural  se lec t ion"  o f  sound pa t te rns  f rom 
sources o f  phonet ic va r ia t i on .  Language s t ruc tu re  emerges in 
response t o  the b io log ica l  and social  cond i t ions  o f  language use .  
Natura l  se lec t ion  i s  based on the communicat ive (perceptual  as  
we l l  as  soc ia l )  value o f  c o n t r a s t s  and ”phonet ic var ia t ion"  i s  
def ined w i t h  reSpec t  t o  possib le segment, poss ib l e  sequence and 
the i r  poss ib le  va r i a t i on .  Accord ing t o  th is  "Darwinian” theory ,  
phonological  un iversa ls  w i l l  be expla ined w i t h  re fe rence  t o  how 
speech i s  acquired,  produced and understood, or ra the r  in terms 
o f  our models o f  these p r o c e s s e s .  

Th is  conclusion may seem uncont rovers ia l .  However ,  a t ru ly  
quant i ta t i ve  and exp lanatory  theory  along these  l i nes  i s  not  
l i k e l y  t o  appear un t i l  we learn t o  recogn ize  i t s  f u l l  in te l lec-  
t u a l ,  educat ional  and admin i s t ra t i ve  impl icat ions f o r  how 
l i n g u i s t i c s  should be done. Language i s  the way i t  i s  p a r t l y  
b e c a u s e  o f  our b r a i n s ,  e a r s ,  mouths a s  w e l l  a s  our m inds .  I n  
t h i s  sense l i ngu i s t i cs  i s  a natura l  sc ience .  Phonet ics can  con- 
t r i bu te  by formulat ing i t s  behavioral  explanans p r i nc i p l es .  
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UNIVERSALS OF LABIAL VELARS AND DE SAUSSURE'S CHESS ANALOGY 

John J .  Ohala, Phonology Laboratory, Department o f  Linguistics, 
University of  California, Berkeley, California, U . S . A .  

In the Cours de linguistique generale de Saussure compares lan- 

guage to a chess game and the units o f  the linguistic code to the 

individual chess p ieces.  He remarks that 

I f  I use ivory chessmen instead o f  wooden ones, the change 

has no e f f e c t  on the system . . .  The respective value o f  the 

pieces depends on their posit ion on the chessboard jus t  a s  

each linguistic term derives i t s  value from i t s  opposition 

' to al l  the other terms . . .  [ A  single] move has a repercussion 
on the whole system [1916 ( 1 9 6 6 : 2 2 ;  8 8 - 8 9 ) ] .  

The choice o f  the chess analogy was a bril l iant piece o f  exposition. 

Justif iably, i t  i s  frequently c i ted,  especially by teachers in lin- 

guistic courses,  and has become one o f  the favori te images o f ' t h e  

structuralist basis o f  linguistic analysis.  

The structuralist approach in phonology means analyzing a given 
problem by taking the whole phonological system into consideration, 

e . g .  all the phonemic oppositions, especially those which are sym- 
metrical or asymmetrical, the functional load o f  the sounds in- 
volved, e t c .  I t  focuses,  therefore, on system-internal relations 

between the ' p i e c e s ' ,  i . e . ,  the speech sounds. For example, the 
structuralist account o f  the introduction of [ 3 ]  into English would 
point out that i t  f i l led what was up to that time a gap in the Eng- 

lish fricative system: " 
f e 5 I 
v ö 2 C} 

Generative phonology, a recent offshoot o f  structural linguis— 
t ics ,  also focuses on system—internal relations between the 'p ieces '  
although in this case the pieces are the rules o f  grammar and the 
entities which make up the lexicon. 

In f a c t ,  almost any post-Saussurean "school" o f  phonology one 
might c i t e ,  e . g . ,  the Prague school, glossematics, functional pho- 
nology, natural generative phonology, e t c .  -— a l l  have adopted the 
structuralist method o f  looking within the system for the solution 

to their problems. Occasional explorations outside the system -- 

into anatomy, physiology, physics, psychology, e t c .  have never been 
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pursued seriously or intently. l  

I would maintain that this emphasis on system-internal rela- 

tions in phonology is counter—productive. _This  point is  especially 

evident when we examine and seek explanations for phonological uni- 

versa ls .  We frequently find speech sounds behaving in very similar 

ways across languages even though those languages exhibit remarkably 

varied structure. The phonological behavior o f  labial velarg, i . e . ,  

[ u p  w ,  m ,  EB, 6 3 ]  e t c .  i l lustrates this rather dramatically. 

I t  has been claimed by generative phonologists that labial 

velars, although possessing two more or less equal constrictions, 

labial and velar ,  nevertheless, must be represented at  the under- 

lying (lexical) level as  having only one primary articulation - -  

the other constriction being relegated to a secondary articulation 

(Chomsky and Halle 1968 ,  Anderson 1 9 7 6 ) .  The phonological behavior 

of a segment is  supposedly a function o f  i t s  underlying represen- 

tation, not i t s  surface phonetic character.  Thus Anderson, in re— 

viewing a number of West  Afr ican languages, argues that Temne which 

has a /k/ but no /g/ ,  must c lassi fy i ts  /gb/ as a velar, filling 

the gap in the voiced velar stop posit ion. Similarly he argues 

that since Nkonya has both /k/ and /kw/,  the second sound thus pre- 

empting the classif ication: 'primary articulation: velar ;  seconda- 

r y  articulation: labial ' ,  the sound /£b/ in that language must be 
Ef ik,  he 

notes, not only has a /k/  v s .  /kw/ contrast but also lacks a /p/ ,  
primarily a labial with a secondary velar articulation. 

so it has two reasons for classifying i ts /Eb/ as a labial. 

One o f  the problems with such structural or functional accounfl 

o f  phonological fac ts  is  that they attach undue significance t o -  

sound patterns which may commonly ar ise due to chance or at least 

due to factors unrelated to the particular phenomena under investi- 

gation. Attention to phonological universals would be some in— 

surance against this problem. As i t  happens, /p/ and /g/ are often 

missing frbm languages' stop inventories (Gamkrelidze 1975,  Sherman 

(1) Notable exceptions, however, are the fields of  sociology, cul- 
tural history, and anthropology, which have been pursued seri- 

ously by many phonologists with structural ist orientation. 

( 2 )  The research on labial velars was done in collaboration with 
James Lorentz and published in Ohala and Lorentz ( 1 9 7 7 ) .  

Limitations of  space prevent extensive documentation o f  the sound 
patterns discussed: however, the article cited may be consulted for 
numerous cross-linguistic examples. 

ments pattern in phonological ru les.  
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1 9 7 5 ) .  Moreover, there are many languages in West  A f r ica that 
have /Eb/ and/or /§B/ (Ladefoged 1964). Why therefore assume there 
is  a special relationship between these two patterns in those few 

languages in which they both appear? A very preliminary stat ist i -  

cal  analysis o f  the co—occurrence o f  these patterns by Ohala and 

Lorentz (1977)  found no disproportionate incidence of  labial velar 

stops in languages which also have gaps in their stop inventory. 

The most serious problem with such structuralist arguments, 

however, i s  that they of ten as not conflict with the evidence one 

can obtain from phonological alternations, including allOphonic 

variation: 

1) In spi te o f  the double motivation mentioned above for 

assigning the Efik /E§/ to the labial slot (as well as an 
additional reason, cited by Welmers 1973, namely, that 
/Eb/ sometimes is real ized as the allophone [ D ] ) .  Cook 

( 1 9 6 9 )  reports that a nasal assimilating to i t  sometimes 

appears as the velar nasal [ g ] .  
2) According to Bearth (1971:18),  Toura has both /k/ v s .  /kw/ 

and /g/ v s .  /gw/ contrasts ,  which, following the logic 

presented above, would force us to characterize /Eb/ and 

/ g b / ' a s  labials. Nevertheless, these latter two sounds 

can be realized as [GEE]  and [ 0 § B ] ,  respectively, before 
nasal vowels. 

Maybe one could s t i l l  salvage the practice o f  looking only to 

system-internal relations in phonological analysis by abandoning 

the ' f i l l - the-gap'  cr i ter ia and relying more heavily on how seg- 

Unfortunately this escape 

route is not open either because labial velars can pattern in 
seemingly inconsistent ways in phonological rules. 

3 )  The Yoruba labial velar glide /w/ (along with the labial 

velar StOPS /EË/ and /ÔB/) patterns with the labials 
/b,  f ,  m/ in that i t  causes the merger of  following /â/ 

with / 3 / :  nevertheless, the nasal assimilating to /w/ 

shows up as the velar [ q ]  (Ward 1 9 5 2 ) .  
4 )  In Kuwaa (Bel leh),  word initial /w/ is  occasionally real- 

ized as [ a w ] ,  i . e .  a labialized velar nasal, but may be- 
come labial [ v ]  before unrounded vowels (Thompson 1 9 7 6 ) .  

5) In Tenango Otomi /h/ becomes labial fricative [ a ]  before 
/w/ but /n/ assimilating to /w/ appears as [ q ]  (Blight and 
Pike 1 9 7 6 ) .  
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Additional such cases are not diff icult to find (Ohala and Lorentz 

1 9 7 7 ) .  
The seeming confusion of  these patterns is  c leared up when 

system-external evidence is  obtained, v i z . ,  data on phonological 

universals and the physical phonetic causes of  the universals. I 

o f f e r  the following four statements o f  universal tendencies to ac- 

count for the observed data: 

A .  When affect ing the quality of  adjacent vowels, labial 

velars behave primarily as labials.  (Speci f ical ly ,  they 

cause vowels to shift in the general direction of  [ u ] J  

In addition to the evidence in 3 ,  above, there is  that from Tigre 

where, due to assimilatory action, certain short vowels are more 

back in the environment of  labials, especially /w/ (Palmer 1 9 6 2 ) .  

The phonetic basis o f  this pattern i s  the fact  that labial 

velars achieve very low 1st and 2nd formant frequencies --  even 

lower than those of plain labials in most cases (Ladefoged 1964, 

Lehiste 1964) -- and thus are acoustically unlike sounds at any 

other than the labial place o f  articulation. This fact  is  i tself  

capable of  being explained by reference to acoustic phonetic theory 

(see  Ohala and Lo ren tz ) .  

B .  When assimilating to adjacent vowels, i t  i s  the labial 

ve l a r ' s  labial place of  articulation that remains un- 

changed; the place o f  the lingual constriction may shift 

or disappear under the influence o f  the vowel ' s  lingual 

configuration. 

Besides the evidence in 4 ,  above, there is in addition the pattern 

from Dagbani in which the phonemes /Eb, äh, 5a/ have the allopmmws 

[£p,  db, an], respectively, before front vowels and the palatal 
glide / j /  (Wilson and Bendor-Samuel 1 9 6 9 ) .  

There is no mystery about the causes o f  this tendency. Of 'flœ 

two constrictions of  labial velars, only the lingual constriction 

is free to (partially) assimilate its place of articulation to 

that of  adjacent vowels. The shift of  the lingual constriction in 
such a case i s  exactly comparable to i t s  shif t  in other velar con- 

sonants, e-g-a [ k ,  g, o ,  x ] ,  whose lingual constriction -- as is 
well known —- is also influenced by neighboring vowels. The labial 

constriction, for obvious anatomical reasons, i s  not likely to 

shi f t  i ts  place o f  articulation via assimilation to that of  the 

lingual constriction of  adjacent segments. 
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C,  When becoming a f r icat ive or determining the place o f  

' articulation of  adjacent fr icatives by assimilation, [ w ]  
shows i t s e l f  primarily as  a lab ia l .  

In addition to the evidence in 5 (and possibly in 1) above, there 

are supporting statements such as  the following by Hef fner ( 1 9 6 4 :  

1 6 0 ) :  
The fr icat ive noises produced by the articulation of  

[French] [ w ]  are slight, but such as  they are, they come 
rather from the labial than from the velar constriction. 

Assuming that there are both labial and velar sources o f  fr icative 

noise during these sounds, there are a number o f  possible phonetic 

reasons why the labial noise source should predominate. The most 

important is  probably the fac t  that the configuration o f  the vocal 

t ract anterior to the velar noise source (the airspace and the 

small labial constriction) constitute a low-pass f i l ter that ef— 

fect ively attenuates the predominantly high frequency noise pro- 

duced a t  the back constriction. The noise source a t  the labial 
constriction, o f  course, suffers no high frequency attenuation. 

D.  When becoming a nasal or determining the place o f  art icu— 

lation of  adjacent nasals by assimilation, labial velars 

behave Primarily like velars.  

Alongside the evidence in 1 through 5 ,  above, there are many 

cases such as the dialectal variants for  the word for "child" in 

/nela/ (Ivens 1931).  
The explanation for this pattern 

ÎÎËËEä::) 

Essential to the acoustic character- 
is t ics o f  nasals are the pharyngeal— 
nasal airway and the oral cavity ‘ : : : : :  
branching o f f  from i t .  'Ora l  cavi ty '  
here re fers  to that air space extend- _ 

[ 0 ]  [ w ]  

two Melanesian languages: in S a ' a  it  is  /mwela/ (which is more 

representative o f  the original form) but in Kwara ' A e  i t  is 

requires reference to the vocal tract 
configurations for the nasal conso- 
nants [m, n, q ]  and [ n ]  ( to  pick a 
common labial ve lar ) ,  which are repre- [ m ]  
sented schematically in Figure 1. 

ing from the pharynx to the point o f  
constriction. The oral configuration ‘Figure 1. 
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anterior to the point o f  the rearmost constr ict ion has no e f f e c t .  

I t  can be seen, therefore,  that the acoustical ly relevant con— 

figuration of [ e ]  is essentially similar to that o f  [ 0 ] .  
I t  would seem from these data that the behavior of speech 

sounds is  bet ter  understood by reference to  system-external factors 

than system-internal fac tors .  These are not isolated examples. 

A more appropriate analogy to o f f e r  as an image o f  language would 

be the game o f  football (American-style foo tba l l ) .  A t  any given 

time during a football game when the bal l  is  in p lay,  i t  i s  s t i l l  

the case, as in chess,  that there is "s igni f icance" to the game 

in the special arrangement o f  the players,  e . g .  i t  i s  advantageous 

to the side possessing the ball t o  have an el igible receiver down- 

f ie ld .  However, o f  more importance to the outcome o f  the game is  

the inherent abil ity o f  the individual players. I t  may not matter 

in chess whether one substitutes an ivory chess piece for  a wooden 
one, but dOes matter in football i f  one substitutes a 5 0  kg tackle 
for one weighing 100 k g .  . 
Conclusion 

Observations o f  universal phonological tendencies - -  for ex- 
ample, those found for labial velars,  as  in the present paper - -  
force us to the conclusion that the inherent physical constitution 

of  speech sounds, i . e . ,  how they are made and how they sound, have 
as much or more importance than system-internal relations, in de- 
termining the behavior o f  speech sounds. The emphasis most schools 

o f  phonology put on the study o f  system-internal factors is  there- 
fore a mistake. 
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UNIVERSALS AND PHONETIC HIERARCHY 

Kenneth L. Pike, Summer Institute of Linguistics 

7500 W. Camp Wisdom Road, Dallas, Texas 75211 

l.  The Presumed Theoretical Basis for Some Past Avoidance of 

Syllable and St ress  Group 

In the mid 5 0 ' s  I cited evidence (Pike 1955, 66-68, amplified 

in 1967, 409-23) that on the American scene--and sometimes else- 

where also--the syllable had been often ignored, or denied theo— 

retical status, or occasionally used without theoretical justifi- 

cation to  support statements about the distribution of phonemes. 

Specifically, we might add that in Bloch and Trager (1942) ,  in 

the chapter on phonetics, there is  no section for the syllable 

(although there is one page--28--on ISyllabic consonants' in 

which the syllable concept is used as background to  the analysis). 

Similarly in the section on 'Semivowels' (22) syllabics are re- 

lated to sonority, and syllables to  syllabic sounds, with vowels 

treated as sometimes-—but not always-~syllabic. Later, in the 

chapter on phonemics, in the subsection on 'Vowels' (50)  the 

syllable is used as a basis for discussing the distribution of 

simple vowels with strong stress, and related matters. But no- 

where does the syllable as such get specif ic treatment in i ts  own 

right as a basic unit of the system. 
The underlying theoretical construct moved from 

the phoneme level to the morpheme level and on up to  syntax, with- 

out the concept of syllable entering in as a level. They felt 

that a morpheme could be adequately described, in so  far as its 

physical components were concerned, as made up jo f  a sequence of 

phonemes. But if they had brought in the syllable as a basic 

unit of the system, there would have been much greater difficulty 

in justifying their descriptions, since oftentimes in ordinary 

speech a morpheme may be found which is either less than a sylla— 

ble or more than a syllable, so  that this leads to  borders betweml 

units of the lexicon which would have been skewed with reference 

t o  those of  the phonology. Thus the plural allomorph —s, is a 

single nonsyllabic consonant; but EEBä is a single syllable of  

The reason: 

two morphemes; and the morpheme t icket is a single morpheme of 

two syllables. Therefore, there could have been no direct mappfim 

of (phonological) part to (morphological) whole if the syllable 

'should be such a universal emic unit. 
" t o  the contrary, unless or until someone shows that the material 
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had been treated as a unit in i t s  own right. 

2 .  A Theoretical Basis for  Allowing Syllable,istress Group, and 
Higher Level Phonological Units 

In order t o  allow syllable, s t r e s s  group, and even higher 

level units into our practical description, as units appropriate 
t o  that description, we need t o  have a theory of  hierarchy which 

is multiple. Instead of  a single hierarchy from phoneme to mor- 

pheme t o  syntactic unit, we need a hierarchy of phonology in its 
own right (from phoneme to syllable t o  s t ress group to phonolo- 
gical paragraph t o  phonological discourse—-or something related 

to such a construct), and we need a hierarchy of grammatical 
units (from class of morphemes,to class of words, to class of 
clauses, class of sentencaa class of  paragraphs, and ultimately 

up to  discourse classes), and in addition we need a referential 
hierarchy (o f  participants, episodes, and events §§_spoken about). 
The grammatical hierarchy (the telling order) may be distinct 
from the referential hierarchy (the happening--or logical-~order, 
see Pike and Pike 1977, 363-Älo). Such a se t  of hierarchies in 
the theory allows us to have the syllable present in our descrip- 
tion, and to draw upon it without apology (and without "boot- 
1egging" it into the description). 

This approach also allows us to  specify openly some universals 
(e .g .  no language is made up wholly of vowels) even though in some 
of them we may not find syllables composed of vowel plus following 
consonant. On the other hand, it does not insist that every pos- 
sible level be present in every possible language. It insists, 
rather, that there be some hierarchical structure above the pho— 

neme, without demanding that the syllable as such must inevitably 

be an ÊËÈE unit. My personal suspicion would be that the syllable 
But we have to leave room 

on Bella Coola by Newman (in which the syllable is not treated 
as relevant) is not a satisfactory description ( fo r  preliminary 
discussion see Pike 1967, 420:21). Similarly, the work of Kuipers 
on Kabardian would have t o  be shown as better re-analyzed from a 

syllabic point of view (possibly by showing that he, like Bloch 
and Trager, relied on syllable without making adequate place for 
it in his theoretical system; for references see Pike 1967, 423) .  

The hierarchical approach also opens the door to  the handling 
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of phonological markers of units much larger than a sentence ( fo r  
example, the phonological paragraph). And in between the stress 
group and the phonological paragraph there may be emic sequences 
of stress groups (sequences of intonation contours) which have 
some overriding rising or falling general drift (o r  "tangent") 

And, above this, 
one may expect to  find phonological units which signal the audience 

within clause or sentence (see Bolinger 1970). 

that a speaker is getting under way, or is finishing, or is chang- 
ing focus. It should also be noted that there is strong evidence 
(overwhelmingly persuasive to me) that the kind of dynamic cre— 
scendo ( o r  decrescendo) pattern of s t r ess  groups may in some lan- 
guages be sharply contrastive within the styles of a single system. 
A greeting style, or a chanting style, or narrative pattern may, 
for  example, af fect  these shapes; see Pike 1957, for example, for 
abdominal pulse types in inland Peru. A mark for juncture, plus 
a s t ress  mark, is far from adequate t o  represent these contrasts; 
there must be both contrastive peaks and contrastive slopes lead- 
ing down toward an end point (not just a stress mark followed by 
a final fade into some kind of ”juncture"). 
3. Pairing in the Phonological and Grammatical Hierarchies 

But the phonological hierarchy is not as simple as it sounds. 
There is no one direct sequence from phoneme t o  phonological dis- 
course which meets some of the requirements for describing certain 
kinds of data which have an impact on us. Specifically, one of 
the most interesting developments--from my point of view-—is that 
of Tench (1976). Tench was going beyond preliminary work on paired 
levels of the grammatical hierarchy ( s e e  now Pike and Pike 1977, 
21-28) in which there was a sharp difference between units which 
are isolatable in the sense that (like an independent clause or 
an independent sentence) they could come at the beginning of a 
monologue, or at the beginning of a conversation after the greet- 
ing forms; and these would b e  in sharp contrast t o  responses to  
utterance, when the responses might sometimes be single words or 
phrases. This had led Pike and Pike t o  the setting up a differ- 
ence between independent clause or sentence (as serving the func— 
tion of serving as a proposition) versus word or phrase serving 
as a £33m. Tench showed a parallelism of these facts with the 
phonology, in which the syllable is the minimum independent item 
analogous to clause, while the rhythm group is the analogue of the 
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independent complex sentence. Similarly, he showed that the sin- 

gle phoneme ( e . g .  a single consonant), is analogous to  a word 
(which is not isolatable in the same way) and that the consonant 
cluster would b e  the expanded version of that item, analogous to  

the phrase. 

u. On Digital Versus Analogic Elements 
More work needs t o  b e  done, also, to  check out possibilities 

of digital versus analogic phonological structures. The digital 

ones (as pointed out by Martin and Pike 1975) are contrastive 
(ei ther-or)  units, the analogical elements have gradient ( l ess  

t o  more) relation t o  the referent. My expectation would b e  that 

in every language we would find some analogic features of into— 

nation and voice quality, in which length, loudness, rate, pause, 
decrescendo, crescendo ( o r  features such as intensity, key, tense- 

ness of vocal chords, breathinessL might be relevant in a gradi- 
ent way,  emphasizing the involvement of the speaker t o  a greater 

or lesser  degree, or associated analogically with excitement or 

intensity of  attitude. 

But we would have to  avoid assuming that such features were 

automatically to be found as digital in every language. For 
example, in Comanche (U.S.A.)  no digital (contrastive, "segmen- 
tally phonemic") intonation elements have been found (Smalley 

1953, 297). 
The English—speaking actor on the stage, furthermore, is 

likely to make much greater use of the analogic types (change of 

key, for example), than is the ordinary person in a non-emotional 
setting. Yet our study of the systemic nature of contrastive 
quality is st i l l  in a very primitive state.  It is astonishing 

that changes in voice quality seem to  me to  be empirically uni- 

versal, but that a systemic handling of these materials is st i l l  

only vaguely present with us. A "list" of voice qualities is 
far from satisfactory in handling the n-dimensional space which 
seems to  be implicit in the possibility of simultaneous voice 
qualities, overlapping with pitch of various kinds, and inter- 
rupting (noncoterminus) units of the segmental phonological 

hierarchy from phoneme through syllable on up to phonological 
discourse. A vast amount of  work seems t o  me to  b e  awaiting us 

on the theoretical and empirical facets of these matters. 
A final note: I am aware that there are difficulties in 



v
.

.
.

-
'

n
 

lil
—

O
ù
- 

u
n

 

52 SYMPOSIUM No. l 

finding physical correlates for perceived syllables. But I am 

convinced that any failures to  do s o  in the past should not pre- 
vent us from continued search fo r  something which is s o  obviously 

present in field work—-since I cannot believe that a characteris- 

t ic s o  universal can have no relation to  some concomitant physical 

reality (no matter how complex the relation may prove t o  b e ) .  
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BASES FOR PHONETIC UNIVERSALS IN THE PROPERTIES OF THE SPEECH 
PRODUCTION AND PERCEPTION SYSTEMS 

Kenne th  N .  S t e v e n s ,  Massachuse t t s  Ins t i tu te  o f  Technology,  

Cambridge,  Massachuse t ts  0 2 1 3 9 ,  U . S . A .  

This paper d i s c u s s e s  how t he  proper t ies  o f  the human 

a r t i c u l a t o r y  and percep tua l  sys tems p lay a r o l e  in  determin ing 

c e r t a i n  phonet ic u n i v e r s a l s .  In p a r t i c u l a r ,  our c o n c e r n  i s  w i t h  

the i n v e n t o r y  o f  phonet ic  segments tha t  a r e  found in  language,  

and the way  i n  wh ich  t h e s e  segments a r e  o rgan ized  in to  a se t  o f  

na tura l  c l a s s e s .  We sha l l  r e v i e w  how the a r t i c u l a t o r y  and the 

perceptua l  sys tems p lace  c e r t a i n  cons t ra in t s  o n  the  c l a s s e s  o f  

sounds tha t  a re  used un i ve rsa l l y  in language. The c l a s s i f i c a t o r y  

f e a t u r e s  that  p l a y  a r o l e  in  the  phonological  r u l e s  in language 

a r e  de termined b y  t hese  na tu ra l  c l a s s e s  t ha t  a r e  b a s e d  on 

observa t ion  o f  the  capab i l i t i es  o f  the a r t i c u l a t o r y  and 

perceptua l  mechan isms.  

A r t i c u l a t o r y  ev idence  for  natura l  c l a s s e s  o f  speech  sounds.  

The ac tua l i za t i on  o f  a g iven speech sound in con tex t  
requ i res  a complex sequence o f  a r t i c u l a t o r y  a c t i v i t y .  The 
a r t i cu la to r y  s t r uc tu res  must  b e  maneuvered . f r o m  pos i t i ons  or 
s t a t e s  appropr ia te  t o  one sound to  s t a t e s  cor respond ing  t o  the 
n e x t  sound t o  be p roduced.  We shal l  fo l low the  t r ad i t i ona l  
method ,  used  b y  phonet ic ians  for y e a r s ,  o f  spec i f y i ng  a phonet ic  
segment in  t e rms  o f  a s e t  o f  goa ls  o r  t a r g e t  s t a t e s  tha t  the 
a r t i cu la to rs  a r e  t o  ach ieve  or that  a r e  in tended b y  the  speaker 
ra the r  than in te rms o f  t he  movements between these  t a r g e t s .  The 
hypothes is  i s  tha t  these ta rge t  conf igurat ions o r  s t a t e s ,  i f  
app rop r ia te l y  spec i f i ed  for a g i ven  sound,  a r e  much l e s s  
dependent on  the  phonet ic  c o n t e x t  than a re  the a r t i cu l a t o r y  
movements o r  musc le  con t rac t i ons  necessa ry  to  produce the sound 
in c o n t e x t .  Thus the  a r t i cu la to ry  descr ip t ions a re  s t a t i c ,  in  
the sense that t hey  desc r i be  s ta t i ona ry  s t a t e s  or  con f igu ra t ions .  
While the  product ion o f  some sounds o r  sound sequences may  
involve movement,  th is  movement is a lways from one target  s ta te  
t o  ano ther .  

How a r e  these a r t i cu la to ry  t a rge t  s t a t e s  to  be descr ibed and 
how does th is descr ipt ion lead to  a speci f icat ion o f  natural 
c l a s s e s  o f  speech sounds? Examination o f  l a te ra l  radiographs 
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g i v e s  u s  one v i e w  o f  t he  a r t i c u l a t o r y  t a r g e t  s t a t e s  i n  te rms o f  

the p o s i t i o n s  o f  t h e  v a r i o u s  a r t i c u l a t o r y  s t r u c t u r e s  t ha t  a r e  

v i s i b l e  on the  m i d l i n e .  Th is  k ind o f  ev i dence  h a s  t r a d i t i o n a l l y  

been used  in phonet ics  to desc r i be  a r t i c u l a t o r y  t a r g e t s  i n  te rms 

o f  p l a c e  o f  a r t i cu la t ion  iden t i f i ed  along the length o f  the v o c a l  

t r a c t .  Another way o f  desc r ib ing  a r t i c u l a t o r y  con f igu ra t ions  

examines  t h e  p a t t e r n  o f  c o n t a c t  t h a t  o c c u r s  b e t w e e n  s t ruc tu res  

such as the tongue and pa la te .  This pa t te rn  i s  presumably 

r e g i s t e r e d  in  the  t a l k e r ' s  speech  c o n t r o l  sys tem through the  

reSponses  o f  r e c e p t o r s  loca ted  on the s u r f a c e s  o f  t he  s t r u c t u r e s  

( S t e v e n s  and Pe rke l l ,  1 9 7 7 ) .  S t i l l  another a s p e c t  o f  t he  ta rge t  

s t a t e  i s  the phys i ca l  p r o p e r t i e s  o f  t he  s u r f a c e s  o f  the 

s t r u c t u r e s ,  p a r t i c u l a r l y  t h e  v o c a l  f o l ds  and the  tongue .  These 

p r o p e r t i e s  h a v e  an i n f l uence  on the  manner in which the  a i r f l o w  

f rom the  lungs  i s  con t ro l l ed  and on  the  way i n  which the 

a r t i c u l a t o r y  s t ruc tu res  a r e  forced against  one ano the r .  Which o f  

these ways ( o r  combinations o f  ways) o f  describing art iculatory 

s t a t e s  i s  mos t  sa l i en t  fo r  grouping speech sounds in to natural  

c l a s s e s  i s  a quest ion about which we c a n  on l y  specu la te  a t  

p r e s e n t .  

We consider now seve ra l  l i s t s  o f  phonet ic  segments .  For  a l l  

o f  t h e  i t ems  on a g iven l i s t ,  some aSpect  o f  the a r t i cu la t i on  is  

ach iev ing  the  same s t a t e ,  a s  de f ined in a t  l e a s t  one o f  the ways 

l i s t e d  a b o v e .  We sugges t ,  t h e n ,  t ha t  these  i tems can  be 

c a n d i d a t e s  fo r  forming a na tu ra l  c l a s s  o f  phonet ic  segments .  

[m n n & fi . . . ]  These items are  all produced b y  c rea t ing  

velopharyngeal  open ing ,  usual ly  b y  placing the velum in a lowered 

p o s i t i o n .  From the po in t  o f  v i e w  o f  the speake r ,  an ind icat ion 

that the velum i s  lowered comes from several  possible sources: 

( 1 )  t he  musc les  used  t o  lower  the  velum h a v e  been  c o n t r a c t e d ;  

( 2 )  the lowered s ta te  o f  the velum i s  sensed through recep to rs  

that signal the pos i t i on  o f  the  velum o r  i t s  c o n t a c t  w i t h  other  

s t ruc tu res ;  ( 3 )  there i s  a i r f low through the velopharyngeal 

open ing and poss ib l y  acous t i c  energy in the nasal  c a v i t y  that  is  

sensed and r e g i s t e r e d  in  some w a y .  

[ k g ; U i - u  . . . ]  These sounds are all produced by placing the 
tongue body  i n  a r a i s e d  pos i t i on  w i th in  t h e  o r a l  c a v i t y .  More 

s p e c i f i c a l l y ,  the common a r t i cu la to ry  a c t i v i t y  for  the sounds can  
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be desc r ibed  in one o f  two w a y s :  ( 1 )  there i s  c o n t r a c t i o n  o f  a 

common musc le  o r  g roup  o f  m u s c l e s  to  p roduce t h e  r a i s e d  tongue 

body,  o r  ( 2 )  there i s  a common pat tern  o f  a c t i v i t y  i n  
p a r t i c u l a r  g roups  o f  senso ry  r e c e p t o r s  in  the tongue muscu la tu re  

o r  on the  dorsa l  s u r f a c e s  o f  the  tongue a s  t h e s e  s u r f a c e s  make 

con tac t  w i th  other  s t r u c t u r e s ,  p a r t i c u l a r l y  t h e  ha rd  p a l a t e  

(S tevens  and Perkel l  1 9 7 7 ) .  
V V [ p  t k c f e s s d i fi . . . ]  For th is group o f  sounds, i t  i s  

hypo thes i zed  t h a t  the common a r t i c u l a t o r y  a t t r i b u t e  i s  a 

s t i f fen ing o f  the sur faces  o f  the voca l  fo lds  (Hal le  and S tevens ,  
1 9 7 1 ) .  The a r t i c u l a t o r y  s t a t e  tha t  c h a r a c t e r i z e s  e a c h  member o f  

t h i s  c l a s s  c a n  be descr ibed  e i ther  a s  c o n t r a c t i o n  o f  a p a r t i c u l a r  

l a r yngea l  musc le  o r  g roup  o f  musc les  o r  a s  t he  s t i f f e n e d  s t a t e  o f  

the  v o c a l  f o l d  s u r f a c e s ,  independent l y  o f  t he  musc le  a c t i v i t y  

used to  p roduce t ha t  s t a t e .  

[ p  t k ë b d g 3 m n n . . . ]  The sounds in this group are al l  
produced b y  forming a complete c losure  o f  the  v o c a l  t r a c t  a t  some 

po in t  along i t s  leng th .  The a r t i cu la to ry  d e s c r i p t i o n  for t h i s  

group o f  segments  c a n n o t  b e  s p e c i f i e d  i n  t e rms  o f  the c o n t r a c t i o n  

o f  pa r t i cu la r  m u s c l e s ,  s i n c e  d i f f e r e n t  musc les  a re  c l e a r l y  

i nvo l ved  depend ing  on where i n  the  v o c a l  t r a c t  the c o n s t r i c t i o n  

is  made. Rather ,  i t  i s  assumed that an ins t ruct ion to  form a 
complete c losure  i s  a b a s i c  component o f  a r t i c u l a t o r y  con t ro l  

wh ich ,  when coupled w i th  a fu r ther  i ns t ruc t i on  i nd i ca t i ng  which 

ar t icu la tor  i s  to  be a c t i v a t e d ,  e f f e c t s  the proper consonanta l  
c o n s t r i c t i o n .  It i s  poss ib le  a lso  t ha t  the  s e n s o r y  consequences  

o f  forming a complete c losu re  a r e  r e g i s t e r e d  in  some unique 

manner independently o f  the l oca t i on  o f  the  c losu re  i n  t h e  v o c a l  

t r a c t .  

[ p  b f v m . . . ]  The segments o n  th is  l i s t  h a v e  t h e  common 

a r t i c u l a t o r y  a t t r i b u t e  tha t  t hey  a r e  produced w i th  a cons t r i c t i on  

a t  the  l i p s .  Thus a pa r t i cu la r  se t  o f  musc les  - those making a 

l i p  c losure  - i s  i nvo l ved  i n  the  genera t ion  o f  a l l  o f  t hese  

sounds. The lower l ip comes in con tac t  w i th  e i ther  the  upper l i p  

or the upper i n c i s o r s ,  and th i s  ges tu re  leads  to  a unique pa t t e rn  

o f  exc i t a t i on  o f  sensory units in the lower l ip .  

[ t  d n e ô s z s i 2 r . . . ]  These phonetic segments a re  al l  
ac tua l ized b y  r a i s ing  the tongue b l ade  t o  make con tac t  w i t h  some 
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pa r t  o f  the m a x i l l a .  The e x a c t  reg ion  o f  c o n t a c t  o r  the  f o r c e  o f  

c o n t a c t  m a y  v a r y  from one sound t o  ano ther  in  the  s e t ,  bu t  the  

b l a d e ,  

o f  c e r t a i n  i n t r i n s i c  tongue  m u s c l e s .  

common ges tu re  i s  t ha t  o f  r a i s i n g  the 

through 

i s  a unique s e n s o r y  consequence o f  t h i s  

b l a d e :  the 

come i n  con tac t  w i t h  f i x e d  s u r f a c e s  o f  the  h a r d  p a l a t e  o r  

tongue presumably  

There 

br the 
edges  o f  the  super ior  po r t i on  o f  the tongue 

t e e t h ,  

lead ing t o  a s p e c i a l  reSponse  o f  t a c t i l e  r ecep to r s  on 

c o n t r a c t i o n  

r a i s e d  p a t t e r n  

tongue 

presumably 

these s u r f a c e s  o f  the b l a d e .  

The s i x  l i s t s  o f  segments g i ven  a b o v e  a r e  examples o f  a 

longer i n v e n t o r y  o f  l i s t s  o f  segments t ha t  cou ld  b e  g e n e r a t e d .  

e a c h  l i s t  

i t e m s  could b e  appended to  the l i s t s .  

Furthermore,  the re  i s  no  attempt to make 
add i t iona l  

s e r v e  to  i n d i c a t e ,  h o w e v e r ,  t ha t  na tu ra l  c l a s s e s  o f  speech  sounds 

exhaust ive ;  
These examples 

can be  cons t ruc ted  through examinat ion  o f  the a r t i cu la to ry  ta rge t  

configurat ion or  s ta tes .  In g iv ing these examples,  we have  shown 
a cer ta in  amount o f  ambivalence as to how the common ar t icu la tory  

Unt i l  we 

pa r t i cu la r ,  
a t t r i bu tes  for  the  i tems on a l i s t  should b e  s p e c i f i e d .  

know more  about how motor sys tems o p e r a t e ,  

h o w  t he  

b e s t  t o  c h a r a c t e r i z e  na tu ra l  c l a s s e s  o f  speech  sounds i n  t e r m s  o f  

a n d ,  in 

speech—product ion  sys tems o p e r a t e ,  t h e  ques t ion  o f  how 

a r t i c u l a t o r y  a t t r i b u t e s  must  remain  o p e n .  

Acoust ic  and psychoacoustic ev idence for  natura l  c lasses  

A c o u s t i c  a n a l y s i s  o f  speech shows t ha t  the re  a r e  g roups  o f  

that  I f  i t  i s  
assumed t h a t  the  aud i t o r y  s y s t e m  responds  in some unique way to  

speech  sounds share  common acous t i c  p r o p e r t i e s .  

sounds w i t h  a common a c o u s t i c  p r o p e r t y ,  then t h i s  unique reSponse 

p rov ides  the l i s tene r  wi th  a means  for  o rgan iz ing  speech sounds 

the i r  p roper t i es .  As 

shall consider severa l  l i s t s  o f  speech sounds, and 
into natura l  c l a s s e s  based on  acous t i c  

examples,  we 

we shal l  show that  fo r  the i tems in a n y  one  o f  t hese  l i s t s  

i s  a 

there 

The b a s i s  for  these 

( 1 9 6 0 ) ,  

common d i s t i n c t i v e  acous t ic  p rope r t y .  

c l a s s i f i c a t i o n s  i s  de r i ved  largely from the work o f  Fant 

Jakcbson, Fant and Halle (1963),  and others.  

[m n n ]  For the i tems on this l i s t ,  there i s  a rather steady 
nasal murmur persist ing for severa l  tens o f  mi l l iseconds, with an 
amplitude jus t  a f e w  d B  be low tha t  o f  t he  

a t t r i bu te  o f  t h i s  

a d j a c e n t  v o w e l .  The 

unique acous t i c  nasa l  murmur i s  a s t rong  
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s p e c t r a l  peak a t  l o w  un i form 

d i s t r i bu t i on  o f  weaker  s p e c t r a l  peaks  at higher f r equenc ies ,  w i t h  

these peaks tending t o  be  ra ther  broad (Fu j imura,  1 9 6 2 ) .  

f r e q u e n c i e s  and a r e l a t i v e l y  

[ t  d n s z % ä ë j ]  For these 
sampled a t  o r  near  the consonantal  re lease ( i n  a 
sy l lable)  
r a n g e ,  bu t  w i t h  g r e a t e r  spec t r a l  energy  a t  h igh f requenc ies  

(Fant ,  1960 ;  Zue, 1976 ;  Stevens and Blumstein, 1 9 7 8 ) .  

consonants ,  the  spect rum 

consonant -vowel  

shows a d i f f u s e  sp read  o f  energy  a c r o s s  the  f requency 

[ k  g n ]  The 
sounds has  a s ing le  prominent peak i n  the mid f requency  

(Fan t ,  1960;  Zue ,  1976, Stevens and Blumstein, 1978) .  

Spect rum a t  the  consonanta l  r e l e a s e  for  these 

range 

[ 1  I u u ]  The 

f i r s t  f o r m a n t .  

v o w e l s  i n  t h i s  l i s t  a l l  h a v e  a r e l a t i v e l y  low 

[ ä  ü î ]  
lowes t  

which ' t he  

f i r s t  formant reg ion  for a 

These n a s a l i z e d  vowe ls  have  a spectrum in 

p e a k ,  co r respond ing  to  the 

nonnasal v o w e l ,  i s  s p l i t  o r  b roadened to  cove r  a wider f requency 

range than tha t  for  a nonnasal  vowe l .  

[ p  t k ö b d g 5 m n n ]  The items in th is l i s t  al l  show an 
abrupt  onse t  o f  s p e c t r a l  ene rgy  over  much o f  the f requency 

when the  

r i s e  i n  ampl i tude in  a n y  one f requency reg ion occurs  i n  a 

i n t e r va l  o f  A sound w i th  an abrupt 

range 
consonant  i s  r e l e a s e d  into the fol lowing v o w e l .  The 

t ime 

j u s t  a f e w  m i l l i s e c o n d s .  

onset  h a s  been shown to  produce a d i s t i n c t i v e  response i n  a 

l is tener (Cut t ing and Rosner ,  197M). 

[ ä  ü i ]  
i s  h igh i n  

These vowels all have a fundamental frequency (Fo)  that 
compar ison w i th  the  ave rage  F0 fo r  the par t icu lar  

speaker and the pa r t i cu la r  pos i t ion  o f  t he  vowel within an 

u t t e rance .  

[ p  t k 6 f 6 s ë ]  The common acoust ic  charac ter is t i c  o f  the 
sounds i n  t h i s  l i s t  i s  the  absence o f  low- f requency p e r i o d i c i t y  

in  t he  sound in  the  v i c i n i t y  o f  the consonanta l  c losu re  i n t e r v a l .  

As  i n  the o f  the l i s t s  

a t t r i b u t e s ,  t h e  above  l i s t s  a r e  examples o f  a longer inventory  o f  

l i s t s  such that  the i tems in each l i s t  have a 
p roper ty  t o  which the  aud i to ry  sys tem i s  assumed to  respond in a 

o f  the 

o f  t he  aud i tory  sys tem t o  complex sounds,  we have  only 

c a s e  based  on a r t i cu l a to r y  

common acous t i c  

unique w a y .  G iven our p resen t  rud imentary  knowledge 

response 
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been able to  speculate on the k inds o f  acous t i c  p roper t ies  that 
qua l i f y  for  de f i n ing  g roups  o f  speech  sounds.  

The c l a s s i f i c a t o r y  f e a t u r e s  

Examinat ion o f  the two s e t s  o f  l i s t s  - these  based on  common 

a r t i c u l a t o r y  a t t r i b u t e s  and those  b a s e d  on common acous t i c  

a t t r i b u t e s  - r e v e a l s  t ha t  t he re  i s  much o v e r l a p  i n  t he  two se ts .  

This o v e r l a p  i s  no t  s u r p r i s i n g ,  s i n c e  o n  the  b a s i s  o f  acous t i ca l  

t h e o r y  i t  i s  n o t  unexpec ted  t h a t  sounds  p roduced w i th  common 

a s p e c t s  o f  the a r t i c u l a t o r y  con f i gu ra t i on  should a l s o  h a v e  

s imi la r  acoust ic  c h a r a c t e r i s t i b s .  

Another way  t o  o r g a n i z e  speech  sounds i n t o  na tu ra l  c l a s s e s  

i s  t o  examine  t he  phonological r u l e s  o f  l anguage ,  and t o  obse rve  

the  va r i ous  groups  o f  segments  tha t  a r e  o p e r a t e d  on b y  these  

ru les  o r  t ha t  determine the  env i ronments  i n  which the  ru les  

o p e r a t e .  The grouping o f  segments acco rd ing  t o  t h i s  c r i t e r i o n  

l eads  to  a d e s c r i p t i o n  o f  segments in  te rms o f  bundles o f  

c l a s s i f i c a t o r y  or  d i s t i n c t i v e  f e a t u r e s .  These c l a s s i f i c a t o r y  

f e a t u r e s  a lso  show a g r e a t  d e a l  o f  o v e r l a p  w i t h  the  groupings 

b a s e d  on a r t i c u l a t o r y  and a c o u s t i c a l  c o n s i d e r a t i o n s .  

We would l i ke  t o  p ropose a r a t h e r  simple condi t ion on the 

de f i n i t i on  o f  a c l a s s i f i c a t o r y  f e a t u r e :  a s e t  o f  speech sounds 

sha res  the  same c l a s s i f i c a t o r y  f e a t u r e  i f  the sounds share  a 

common a r t i c u l a t o r y  a t t r i b u t e  and a common a c o u s t i c  or  perceptual  

a t t r i b u t e .  That  i s ,  the sounds i n  a g i v e n  c l a s s  should g i v e  r i s e  

t o  response pa t te rns  t ha t  h a v e  a common p r o p e r t y  i n  t he  aud i to ry  

sys tem o f  the l i s t e n e r  and the  s p e a k e r ,  a n d ,  i n  add i t i on ,  the  

product ion o f  the  sounds should have common a t t r i b u t e s  in the  

speech-genera t ing  mechanism o f  t he  s p e a k e r ,  such a s  common 

pa t te rns  o f  orosensory  response.  

A consequence o f  th is  d e f i n i t i o n  i s  t ha t  vowe ls  and 

consonants w i l l  tend  no t  to  share  the same f ea tu res .  Thus,  for 

examp le ,  n a s a l  vowe ls  and nasa l  consonan ts  would no t  h a v e  the 

same f e a t u r e ,  al though i t  m ight  b e  d e s i r a b l e  t o  mark  in some 

manner t h e  f a c t  tha t  t hey  sha re  a n  a r t i c u l a t o r y  p r o p e r t y .  The 

s t rong  de f in i t i on  o f  a c l a s s i f i c a t o r y  f e a t u r e  would n o t  c a p t u r e  

in terms o f  feature spec i f ica t ions the f a c t ,  f o r  example, that  
vowe l s  preceding n a s a l  consonan ts  tend t o  b e  nasa l i zed  ( o r  in 

f a c t  that  n a s a l i z a t i o n  o f  the  v o w e l  o f t e n  i s  accompanied b y  
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e l iminat ion o f  t h e  c o n s o n a n t ) ,  o r  the  f a c t  t ha t  the  p i t c h  o f  
vowe ls  f o l l ow ing  v o i c e l e s s  consonan ts  t ends  to  be  r a i s e d .  These 
k inds o f  m o d i f i c a t i o n s  a r e ,  i n  a s e n s e ,  s imply mechanica l  
consequences  r e l a t i n g  t o  the coa r t i cu la t i on  that  i s  a n a t u r e  
consequence o f  the jux tapos i t ion  o f  two segments. ' 

The c l a s s i f i c a t o r y  f e a t u r e s  de f i ned  i n  the way we h a v e  
proposed wou ld ,  h o w e v e r ,  s p e c i f y  m a j o r  c l a s s e s  o f  segments t ha t  
p lay  a r o l e  i n  the phonologica l  r u l e s  o f  language.  These 
f e a t u r e s  would owe t h e i r  e x i s t e n c e ,  so  to  s p e a k ,  bo th  t o  t h e  
p r o p e r t y — g e n e r a t i n g  c h a r a c t e r i s t i c s  o f  t he  speech  p roduc t i on  
sys tem and t o  the  p r o p e r t y - d e t e c t i n g  c h a r a c t e r i s t i c s  o f  the  
speech  pe rcep t ion  s y s t e m .  
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THE PSYCHOLOGICAL REALITY OF PHONOLOGICAL DESCRIPTIONS 

Summary o f  Moderator 's Introduction 

V ic to r ia  A .  Fromkin, University o f  California, Los Angeles, 

California 9002ü,  USA 

A phonological descr ipt ion o f  a language wi l l  b e  a ' t r u e ‘  

descr ip t ion t o  the  ex ten t  that i t  i s  'psychological ly  r e a l ’ .  A 

theory o f  phonology wi l l  b e  a ' t r u e '  theory t o  the ex ten t  that i t  

permits the  construct ion o f  psychologically real grammars. These 

assumptions are required o f  an empirically based phonological 

theory .  What we seek  then i s  evidence that wil l  help decide 

whether a part icular descr ip t ion i s  ‘psychologica l ly  r e a l ' .  There 

are no a priori principles which can b e  depended on.  We do not 

know in advance whether, for example, the human mind can or does  

re la te  t w o  levels o f  phonological representation--phonemic and 

phonet ic--by ordered ru les,  nor do we know the ex tent  t o  which the 

immature c h i l d ' s  brain can draw highly abst rac t  generalizations 

from a limited se t  o f  input stimuli. In f a c t ,  we have not pro— 

gressed too  far since 1887 when Fournie observed that "Speech is 
the only window through which the physiologist can View the cere-  

bral l i f e ' fl  Psychologists,  neurologists, and linguists depend, t o  
a great e x t e n t ,  on l inguist ic f a c t s  t o  determine the  capabi l i t ies 

o f  the human mind. We have not found any direct ways ,  as  y e t ,  t o  

observe what is  " ' i n  peop le ' s  heads'  (and) since we cannot look in- 

t o  p e o p l e ' s  heads d i rect ly  we can only hypothesize what goes on 

there on the basis o f  indirect evidence" (Chafe, 1970). Even 
when we do look into people's heads directly, we cannot find in 
the physical  brain mat ter ,  in the 10 neurons, or even in the neu- 

ral organization o f  the co r tex ,  the information we seek regarding 

the  nature o f  the internalized grammars, the information which 

wil l  t e l l  us whether our theory,  or which theory,  o f  phonology i s  

psychologically real or ' t r u e ' .  
This symposium is concerned with the kinds o f _ e v i d e n c e  which 

will help decide this question. While we all seem t o  agree on our 

aims ( a t  least  t o  the extent that we seek 'psychological real gram- 

m a r s ' )  we are not necessari ly in agreement as t o  what counts as 

ev idence,  how t o  weigh di f ferent kinds o f  evidence, or even what 

i s  meant by 'psychological r e a l i t y ' .  

Cutler suggests a division between the proponents o f  a 
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's t rong sense'  as opposed t o  a 'weak sense ’  o f  psychological 

rea l i ty .  The f i rs t  group considers levels ( e . g .  phonemic repre- 

sentat ions) and processes ( e . g .  Purules) t o  b e  psychologically 

real  i f  a p rocess ing model includes stages isomorphic t o  levels 

and mental operations corresponding t o  the p r o c e s s e s  or ru les .  

Linell a lso re fe r s  t o  th is division. 

speech error da ta  t o  show that lex ica l  s t r e s s  and word formation 

rules are psychologically rea l  in the weak sense ,  but not  in the 

Pinell also suggests that "rules 

C u t l e r ' s  paper p resen ts  

'operat ional '  or ' s t r ong '  sense.  

must not b e  equated wi th behavioral p r o c e s s e s . . . ( s i n c e )  conven- 

t ional phonological rules s t a t e  nothing but regular correspond- 

ences be tween  ideal ized representat ions o f  the same or re la ted 

pronunciat ions." In the fuller version o f  my paper I wi l l  discuss 

some evidence from speech errors which suggests that at least  some 

rules and some levels are real in the strong sense o f  the term, 

but that this should not b e  a c r i te r ion for  a theory o f  phonology. 

Derwing 's  paper seems t o  support the ' s t r ong '  v iew.  For ex -  

ample, he questions "what psychological sense can possibly be 
m a d e . . . o f  a notion o f  ' ru le ordering' which has no relat ion t o  

real time" and further proposes that " i f  grammars relate in any 
way t o  psychological events or states (my emph.) then we need t o  
interpret grammars psycho log ica l l y . "  Grammars can,  however ,  ' r e —  

l a t e '  t o  events 6r s ta tes  without being ident ical  or even isomor— 

phic t o  them. 

chical for example, in a non-behavioral way and on a non-real-time 

basis. The alphabet may be represented in.memory ordered from A 
. f . 

t o  Z even for a brain damaged patient who cannot re t r i eve  the le t -  

And one can conceive o f  ordered re la t ions,  hierar- 

te rs  in that order in real time. Cognitive psychologists con- 

cerned wi th lexical storage are providing evidence for intr icately 

ordered c lass i f icat ion systems based on ordered bas ic  and primary 

levels o f  categorization in the leve ls  o f  abstract ion in a taxono— 

my (Bosch, 1978L 
which relate t o  the philosophy o f  science ( a s  do Linell and 

But i t  is 
c lear that whether a theory or a grammar i s  psychological ly real  

Derwing also d i scusses  a s p e c t s  o f  the question 

Skousen), some points o f  which I will further discuss. 

must depend on empirical evidence rather than o n e ‘ s  philosophical 

b iases .  . 

Bondarko's paper i s  neutral as  t o  some o f  the controversies 

discussed in the other papers, posit ing three psychologically 
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real leve ls  o f  phonology——production and percept ion o f  speech 

sounds, the phonemic leve l ,  and the leve l  o f  word formation 

rules--as evidenced by  percept ion exper iments.  

Campbell, Dress le r ,  Gussman, and Skousen, are concerned wi th  

the importance o f  internal versus external evidence in the t es t i ng  

o f  l inguistic hypotheses and the evaluat ion o f  t heor ies .  Internal 
evidence r e f e r s  t o  f a c t s  drawn from the overal l  grammar, signifi- 
cant generalizations, simplici ty f a c t o r s ,  distributional c r i te r ia ,  
morphemic alternations e t c .  External evidence re fe rs  t o  acquisi-  

t ion data, language disturbance, borrowing, orthography, speech 

and spell ing e r ro r s ,  m e t r i c s ,  casual speech ,  language games, 
h is to r ica l  change, percept ion and product ion experiments e t c .  

( C f .  Zwicky,  1975).  
Dress le r ,  p lace major emphasis on external ev idence.  

Campbell and Skousen, and t o  a certa in ex ten t ,  

Campbell i s  
very convincing in h is demonstration o f  how language games in Fin- 
nish and Kekchi ,  for  example, strongly support the  rea l i t y  o f  a 
vowel harmony rule and a vowel-epenthesis ru le,  respect ive ly .  He 
provides similar evidence in support o f  morpheme structure condi- 

t ions as opposed t o  syl lable st ructure ru les.  Skousen uses simi- 
lar arguments. But Dress ler  shows that external evidence can b e  
cont rad ic tory  and Gussman provides some deta i led i l lustrat ions 
supporting t h i s .  Interest ingly,  where Skousen pos i t s  external 
evidence from tongue s l ips t o  show the  cor rec tness  o f  analyzing 
the a f f r icates in English as non-sequential units, /5 /  and /3 / ‚  
Gussman provides other external evidence, i . e .  low level  phonetic 
ru les,  which argue for the sequential analysis.  Gussman po in ts  
t o  the Fromkin (1971) data c i ted by  Skousen t o  i l lustrate this 
contradict ion. He also t i e s  in the question o f  ' abs t r ac tness '  
wi th 'psychological  rea l i t y '  and cor rec t l y ,  I be l ieve,  shows that 
the quest ion should not b e  how abs t rac t  i s  an analysis, but i s  i t  
right or wrong. An important quest ion t o  b e  d i scussed  in the 
symposium, then, i s  what t o  do when d i f ferent  kinds o f  evidence 
are contradictory.  It i s  also important for us t o  c lar i fy  how 

I f  we find in 
Kekchi, for example, that an experiment on loan words supports 

both internal and external evidence are t o  b e  used. 

morpheme s t ruc tu re  condit ions is  th is  t o  b e  used only for the gram— 
mar o f  Kekchi  or as evidence for the metamtheory o f  phonology? I f  

speech error data argue for a rather abstract  representation in 

some language, is this evidence that one can provide such abstract 
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representat ions in all languages? In other words,  are we looking 

for ev idence as t o  constraints on a general theory o f  phonology or 

for evidence concerning a grammar o f  a particular language? 
Given the extent t o  which individual grammars may vary across 

speakers o f  one language, should we not seek constra ints on the 

general theory which wi l l  permit us t o  cons t ruc t  the optimal, ' p s y -  

chological ly rea l '  grammar for a language? The papers already 

c i ted reveal the problems we face .  Data alone, and multiple-kinds 
o f  evidence alone will not provide al l  the answers.  We need uni- 

versal principles and a theoret ical framework which in a principled 
fashion will help us constrain phonological descriptions t o  psycho- 
logically real ones. Skousen presents such a principle-- a prin- 
ciple of  maximizing acoustic d i f ferences.  Ha le 's  paper i s  primari- 
ly concerned with just  such questions and posi ts a 'principle o f  
recoverabi l i ty ‘ ,  with supporting evidence from Papago and Maori. 
What we need is more principles, supported by clear empirical evi- 
dence. For we can probably all agree that "However diff icult it 
may b e  t o  f ind relevant evidence for  or against a proposed theory, 

there can be no doubt whatsoever about the empirical nature o f  the 

problem" (Chomsky and Halle, 1968 ) .  
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ON THE PHONOLOGICAL OPERATIONS ENSURING SPEECH COMMUNICATION 

L . V .  Bondarko, Department o f  Phonetics, University o f  Leningrad, 

USSR 

Conveying information through art iculate speech presupposes 

the ability o f  the native speaker to analyse quickly and e f fec t i ve -  

ly heterogeneous sounds. This ability is  developed by man because 

sound di f ferences are used for discriminating meaningful units, 

i . e .  words. Taking this function o f  speech sounds into considera- 

tion, we can understand why the native speaker does very well in 

the process o f  perception in spite o f  a number o f  variations of  

sound properties. From the linguistic point o f  View it can be 

assumed that there ex is t  a number o f  levels ensuring optimum pro- 

cessing o f  sound signals. The f i r s t  one consists in the ability 

o f  man to generate and perceive articulate sounds. Though this 

ability is  universal by i t s e l f ,  i t  cannot be observed direct ly be- 

cause i t  i s  real ized on the basis o f  a certain concrete language. 

However, some o f  the phonetic universals (Greenberg, 1966)  deduced 

on the basis o f  comparing various languages, can be also related 

to the peculiar properties o f  man 's  verbal behaviour. The second 

level is concerned with the system o f  phonemes in a given language. 

The native speaker disposes of the information of  the system of  

phonemes which he acquires in the process o f  learning his native 

language. The main points of this information are as follows: 

the inventory o f  the phonemes in the language, the ways the distinc- 

tive features o f  the phonemes are real ized, the rules o f  usage which 

include the probability o f  the occurrence o f  phonemes within the 

minimal meaningful unit — within a word.1 

The third level deals with the information o f  the rules about 

possible sound combinations in shaping the words. One can assume 

that the perception o f  the word i s  the recognition o f  i ts  phonemic 

composition. Evidently a clear-cut differentiat ion of  all the three 

levels is  impossible, because practically they overlap to a great 

extent. But one may hope that the systematic research on the pro- 
cess o f  perception will enable the scientists to describe these 

levels in a more detailed way. 

(1) I t  is possible that in a number o f  cases a morpheme may be 
treated a s  this minimal unit. This may take place in languages 

where phonemic alternations are regular and are governed by the 
existing rules, Russian being an example. 
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Let us consider some fac ts  dealing with each o f  these levels 

which tes t i fy  to the reality of the language consciousness o f  the 

speakers. The opposition of  consonants with regard to "absence — 

presence of  voice" is  one of  the most widespread (Zhivov, 1 9 7 6 ) .  

In f a c t ,  i t  can be connected not only with the function of  the 

vocal cords alone, but also with properties like tenseness - lax- 

ness ,  delay in the onset o f  voice af ter  the opening o f  the occlu- 

sion, the duration of  the preceding vowel, and so on. One may 

assume that "absence - presence of  voice" can be treated as a uni- 

versal feature. For the native speaker o f  the Russian language, 

where the correlation "presence versus absence of voice" is one of  

the characteristic features, each consonant he hears must be def 

scribed either as  a voiceless or as  a voiced one. But the con- 
sonants / c / ,  / c / ,  / x /  do not have voiced correlates, i . e . ,  the 

opposition o f  voiceless consonants to  voiced ones is  not possible 

for them in the positions before vowels and consonants. Compare 

[ t u ' g o j ]  - [ d u ' g o j ] ,  [ ' s î p l i j ]  — [ ' g î b l ê j ]  and [ t s e x ] ,  [ t f a j ] ,  [ x o t L  

and so on. However, in accordance with the rules of alternations 

which are known to be regular in the Russian language, in the com- 

bination of  words ending in the consonants /c / ,  /ö / ‚  /x/  ( [ t s .  t I ,  
x ] )  with words in which initial consonants are voiced obstruents, 

there appear voiced allophones of  these voiceless consonants: 

[kn 'qedz g î ' m i ] ,  [ 5ed5 ‚d rA ' va ] ‚  [moy g a ' g î t ] ,  phonologically: 
/ k A n ' ê c  z ' î ' m Î / ,  /äeë  d rAvfi / ,  /mox g u r ' Î t / .  

The voiced character o f  these phonologically voiceless con- 
sonants can be treated in various ways from the linguistic point of 
view. We are especially interested in how the voiced character is 
treated by the Russian native speaker who is  expected to discrim- 
inate between voiceless and voiced consonants and who does not have 
a t  his disposal the voiced correlates of phonemes which possess 

/ë/. /X/. 
Russian subjects when presented with the consonants from 

phrases of  the type / k A n ' ë c  z ' î m Î / ,  /äeë  d rAvâ / ,  /max g a r ’ Î t / :  CUt 
out from the magnetic tape, recognized these consonants as voiced 

the same properties as /c/,  

ones; other properties of  the consonants could be perceived in- 
correctly in this case.  If the phonetic context is enlarged and 
the subjects are presented with combinations - l :  including the fol- 
lowing consonant (CC),  2 :  including also the preceding vowel (VCC). 
3 :  including the vowel in the succeeding syllable as well, - the 
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recognition of  the consonants under consideration as voiced ones 
occurs less frequently, though in these cases the consonants / c / ,  
/ë/ and /x/  are not interpreted 100% correctly. 

Figure 1 presents data on how separate properties of  the con- 
sonants /c / ,  /ë/ and /x/ are perceived if they are presented in 
various contexts, such as  C ,  CC, VCC and VCCV. 

.the phonetic 
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The influence of  

features proper in- 

creases with the narrowing o f  the 
phonetic context ,  although even 

i f  there is  a complete phonetic 

context - the following consonant 
bringing about voicing, or vowels, 

ensuring as a rule good recogni- 

tion of the neighbouring con- 

sonant — this is not sufficient 
for the recognition o f  such pho—- 

nemes as / c / ,  /ë/ or / x / .  The 

sounds may be perceived as /c / ,  
/ö/ or /x/  only i f  the native 

Speaker hears the whole phrase, 
i f  he makes use of both the 

phonetic and the semantic con- 

1975 ) .  This 
means that the predominant in- 

i . e .  

texts (Bondarko, 

fluence o f  the f i r s t ,  universally 

phonetic level is  removed only i f  

both the second level including 

rules of alternations, and the 
third level concerned with the 

Figure 1 

The perception of  the properties 
of  the voiced (-——) and voice- 
less (——-) allophones of  the con- 
sonants / c / ,  /6/ and / x / .  The 
phonetic context: (1) —C‚ ( 2 )  -CC, 
(3)  -CCV, (4)  -VCCV. Properties: 
I the active organ o f  speech 
II the manner o f  production 
I I I  absence - presence o f  voice 
IV noise - sonorous character 
V hardness - softness 
VI vowel—consonant character 
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analysis of  the phonemic composition o f  words can be made use o f .  

The second level o f  analysing speech, a s  has already been men- 

tioned, includes information about the inventory of  phonemes in the 

given language, the ways in which the dist inctive features are 

rea l ized,  and the rules o f  usage. I t  i s  this level that ensures 

the transition from the phonetic variations o f  real  sounds to eco- 

nomic phonological interpretations. Let  us consider this level o f  

perception using the examples concerning the perception o f  vowels 

by Russian native speakers. 

I t  i s  known that the system o f  vowels in the Russian language 

is  comparatively poor. There are three degrees o f  height and two 

ser ies.  Vowels o f  the back series (with the exception o f  the low- 

es t  vowel /a/ are necessari ly rounded, whereas this connection does 
not exist in the case of  the front vowels. The six vowels /a/ ,  /o/,  
/u/, /e / ,  / i / ,  / i / 2  are realized differently in the stream of  speech, 
depending on their st ressed or unstressed character ,  the quality of 
the neighbouring consonants, and so on. 

As was shown in an experiment (Bondarko e t  a l . ,  1 9 6 6 ) ,  the 

i-l ike transition, appearing in the vowel under the influence of  

the s o f t  neighbouring consonant, serves as a usefu l  indication 

which enables a person to di f ferentiate hard and s o f t  consonants. 

The i—like transition (phonetically pushing forward the vowel into 

the front zone) is  perceived by a l l  Russian native speakers as a 

cue of the consonant. Nevertheless, the phonetic property i tse l f  

is  realized in the vowel, and Russian native speakers discriminate 

a greater number o f  vowels than could have been expected on the 

basis o f  the inventory of vowel phonemes in the language. 

We can assume that it is  this peculiarity in the real ization 

of  the feature o f  softness in consonants that enables Russian 

speakers to describe vowels o f  the type [ y ] ,  [ ® ] ,  [ œ ]  at  a uni- 
versal,  phonetic level.  These are integrated in the inventory of 

vowels in the same way as  is  done by speakers o f  those languages 

1 9 7 1 ) .  

Things are different in the situation where vowels adjacent to 

nasal sounds are presented. 

in which these vowels represent phonemes (Slepokurova, 

In this phonetic position, Russian 

( 2 )  We do not consider here the question o f  the phonemic relevancy 
o f  the opposition of  / i /  - / $ / ,  because it i s  widely discussed 

from the linguistic point of  view, and, pract ical ly,  because in 
the linguistic analysis i t  is not treated from the point of  view 
of  the phonology o f  the native speaker, for whom these are d i f fer -  
ent vowels, and not on the lowest level alone. 
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vowels are considerably nasalized and it could be expected that 

Russian speakers would use such changes in vowels by analogy with 

those that are observed in the position with the neighbouring sof t  

consonants. But in real i ty ,  the results are quite different. 

In a special investigation (Belyakova, 1977) dealing with the 

perception o f  nasal vowels o f  the French language and nasalized 

Russian vowels by Russian and French subjects, it was shown that 

French people recognize nasal vowels of their own language much 

better than Russians do theirs,  but that they are less sensitive 

in the perception of Russian nasalized vowels. They perceive Rus- 

sian nasalized vowels as non-nasalized. A comparatively low degree 

of the recognition of  the Russian vowels a and g by French listeners, 

can be accounted for not by the influence o f  nasalisation but by 

the influence o f  the neighbouring sof t  consonant, which leads to 

the perception of  this vowel as more front and less Open, i .e .  a 

as e ,  e a s  i .  I t  i s  typical o f  Russians to  make a lot o f  mistakes 

in the—recognition o f  the nasalized vowels (Fig. 2 ) .  

Finally, i t  i s  on the third level, dealing with the rules of  

the formation o f  the sound shape o f  the word, that a phonological 

interpretation o f  sounds is  given, which has no unique phonetic 

correlate.  For example, the recognition o f  the unstressed vowel 

% ï  Figure 2 

99" The perception of French nasal and 
Russian nasalized vowels. 

aw French listeners 
„ Russian l isteners -----  _ 

70* ‘- For all the subjects, various iden- 
tif ications o f  the vowels are shown: 

an as  the corresponding nasal vowel, 
as  non-nasal but having different 
quality, and a s  a combination o f  

&} a non-nasal vowel with a nasal con- 
sonant. Such identification is  . 

40 indicated in the figure by: an, gg, 
0 '  and so on, even in those cases where 

JG a‘ the subjects wrote down the sounds 
an: an: eto- 

za man 
Eadie, 

la. ‘ l 0 “\\ w 110 
& & & ”  u- l- 

” Ê Î Ê — a " ê fl _ o " i " a ‘  
French you!: Rama/7 vowel: 
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in the words [ s n ' r o k ] ,  [ d n ' m a ]  and so on, as  /u/ i s  connected with 

the rules of  reduction in the Russian word; the recognition of  the 

voiced a f f r ica te  a s  a voiceless one in the phrase 'otec bolen' 

( [ A ' t e d z  l b o l , m ] )  i s  connected with the rules o f  alternating voice— 

less and voiced consonants. 

The recognition of  morphologically loaded sounds or sound 

combinations represents a special case,  particularly for such a 

language as Russian (Bondarko e t  a1 . ,  1 9 6 6 ) .  In these cases the 

phonetic information about the sound is o f ten  insufficient, although 

the use o f  the rules o f  alternation and the use o f  semantic redun- 

dancy o f  the context enable the subject to correctly interpret the 

phonemic composition of  the word (compare the realization of  the 

phoneme /s / in the combination 'brosj sumetj'l ( [ b r o g  I u 'mp t ] )  with 
a considerable assimilation of  /§  / to the following /§/  and the 

realization o f  the phoneme /a/ in posttonic inflections af ter  the 

soft consonant 'njanja' ( [ l qaqLJ ) ,  and so on. 
All this proves that in oral communication, a person performs 

rather complicated operations the total o f  which can be called the 

phonology of the native speaker. 

The real i ty of  other purely linguistic phonological descrip- 

tions is  proven by the extent to which this description is in ac— 

cordance with these operations. The description o f  the phonology 

of  the native speaker, based upon the description of  different 

levels determining his verbal behaviour and upon the comparison 

with the linguistic phonology set up in linguistic descriptions, 

can be considered the main task in the experimental phonetic in- 

vestigations dealing with speech perception. 
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THE QUEST FOR PSYCHOLOGICAL REALITY: EXTERNAL EVIDENCE IN 

PHONOLOGY 

kyle Campbell, State University o f  New York a t  Albany, Albany, 
New York, U . S . A .  

The principal goal o f  linguistic description i s  to account 
for a language in a way which re f lec ts  the competence o f  i t s  
speakers. This goal o f  achieving psychologically rea l  descrip— 
tions (grammars) is reasonable. However, generative phonologists 
too frequently assumed that child language learners were somehow 
constrained to acquire the simplest possible grammar, and because 
the notation was designed to convert true generalizations into 
considerations o f  length, the simplest grammar the linguist could 
write was taken to be the psychOIOgically rea l  grammar. For this 
reason, arguments based on formal simplicity alone were consid- 
ered suff ic ient to resolve many issues,  e . g .  abstractness, rule 
ordering, e tc .  However, formal simplicity (internal evidence) is 
not sufficient. Questions about psychological reality and the 
learnability o f  rules cannot be answered through considerations 
o f  surface patterns, distribution o f  allomorphs, combinatory prOp- 
ert ies o f  phonological elements within a linguistic system, and 
the l ike. The real question i s ,  how can the linguist be certain 
that the rules he postulates to account for phonolOgical patterns 
he perceives in his data correspond to the rules that speakers o f  
the language establish? There are at  present no successful formal 
criteria for determining from a given set  o f  data what the speak- 
e r ' s  rules may be. 

A serious search for answers to this question must involve 
"external evidence", evidence not confined to surface-pattern reg- 
ularities, but evidence which shows speakers behaving linguisti— 
cally in ways where they must call upon their knowledge o f  the 
rules and underlying forms of  their language in overt and reveal- 
ing ways. The goal o f  this paper is  to argue that external evi- 
dence should be given a stronger role in phonOIOgical investiga- 
tion and to illustrate i ts potential. 

Sources o f  external evidence that have been used with some 
success are:  Metrics and verse (Kiparsky 1 9 6 8 ,  1972 ;  Zeps 1963 ,  
1 9 7 3 ) ,  word games (Sherzer 1970 ;  Campbell 1 9 7 4 ,  1977)  borrowing 
(Campbell 1974, 1976) ,  eXperiments (Ohala 1 9 7 4 ) ,  Speech errors 
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(Fromkin 1971, 1 9 7 3 ) ,  construction o f  orthOgraphies, language 

change, e t c .  Here I wi l l  attempt to show the relevance o f  exter— 

nal evidence for validating aspects o f  individual grammars and for 
refining linguistic theory. 

External evidence can demonstrate the psychological real i ty 

o f  certain ru les.  I wil l  consider two examples, both involving 

word games (secret  languages). The f i rs t  is vowel harmony in 
Finnish. Since Finnish vowel harmony has many exceptions and 

complications, some have suspected that i t  may not be a psycho- 

logically real rule o f  Finnish grammar. In kontti kieli (or kon- 
tin kieli) “knapsack language", one o f  several Finnish word—game 
secret languages, the f i r s t  consonant(s) and vowel o f  a word are 

replaced by EQ ( o f  kgntt i) ,  and the material for which kg is sub- 
stituted is placed before BEE; (of  kogtti). Thus veitsi "knife“ 
becomes koitsi yentti, susi "wolf" is kosi Êgntti. In this lan— 
guage game, vowel harmony adjusts the remaining vowels o f  the 

word to agree with 59 (the harmonic series are back a ,  9 ,  g, front 
ë [ a e ] ,  Ë [ d ] ,  y [ ü ] ,  and neutral i ,  g ) :  

pysëhtykëën " let  him stop" becomes kosahtpkggn pyntti 
kylpy1§issa "in the baths" becomes kepplgissa kyntti 
hänkö "him?" becomes kgnkg häntti 

I f  vowel harmony were not a psychologically real rule of  Finnish, 

speakers would not be able to adjust the vowels productively to 
agree with the back vowel when kg is substituted. (For full argu- 
ments, see Campbell 1977, in press.)  ' 

The second case i s  from Kekchi ( a  Mayan language of  Guate— 

mala). In Jerigonza, the Kekchi word game, one places E after 
each vowel followed by a cepy o f  that vowel; for example q'eqäi7,  
the name of  the language, is  q'epeqcipi? in jerigonza. This game 

shows several Kekchi rules to be psychologically real, for example 
the rule o f  vowel-epenthesis before voiced labials(¢+V1/V1C_j§¥}) 
(examples: kwiq' ib'a:nk /wiq'~b'ank/ " to break i t “ ,  
k ' oxgb 'aznk  / k ' ox—b 'ank /  " to  seat something"). In normal Speech, 

these forms never occur without the epenthetic vowel, but one may 

speak jerigonza Optionally leaving out the epenthetic vowel: 
kwipiqlplapaznk or kwipiq'ipib'apa:nk, and k'opogb'apaznk or 
k'opoxgpgb'apa:nk. The rule of  vowel epenthesis must be psycho- 
logically real ;  speakers must know the rule because they take i t  
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into account in producing jerigonza forms —- they never leave out 
the wrong vowel, only the vowel which results from the rule of  
epenthesis. 

These word games provide evidence for the reality of  several 
other rules in these two languages, as well. Here, the external 
evidence helps resolve issues concerning the correct description 
of  the individual grammars. External evidence has important im— 
plications for theoretical issues, also.  c I  will present just one 

example, also from Kekchi. 

Bilingual informants in Spanish and Kekchi were presented a 
list of loan words, some from Spanish into Kekchi and some from 
Kekchi into Spanish, and asked to judge whether the forms were 
borrowed, and if so, which they thought was the original language. 
Judgements were based on several parameters (cultural, semantic, 
and phonological). These parameters were determined by asking 
the informants why they thought particular loans to be Spanish or 
Kekchi in origin. Reasons volunteered by these informants in— 
volved, among other things, native views of  morpheme structure in 
the two languages. For example, informants said p iozc  “pickaxe” 
(from Spanish piocha) and äilte:p “small chile" (from Spanish 
chiltepe), and similar forms, were from Spanish because Kekchi 
does not have those kinds of  sounds together (vowel clusters in 
the f i rst  case, consonant clusters in the other) .  - I n  actual fac t ,  
Kekchi does have vowel-vowel and consonant-consonant clusters, 

but only across morpheme boundaries (e.g.  ke—ok' ''get cold", kg: 
I'cold" plus a verbal su f f i x ) ,  but never within a morpheme. This 
shows that these morpheme structure cenditiOns of  Kekchi are psy- 
chologically real,  since speakers actively called upon them in 
making judgements about the origin of lexical items. To be sure, 
this evidence helps validate aspects o f  Kekchi grammar, namely 
i ts morpheme structure conditions. (For details, see Campbell 
1974, 1976) .  

Perhaps more importantly, however, this external evidence 
shows that morpheme structure conditions are real,  and cannot be 
accounted for merely by syllable structure rules as proposed by 
I'Natural Generative Phonologists" (HOOper 1975 ) .  Thus external 
evidence provides the means for testing theoretical claims. Ex- 
ternal evidence has been shown to have important implications for 
several issues in linguistic theory, e .g .  the controversy over 

CAMPBELL 77 

extrinsic ordering o f  rules, abstractness, morpheme structure con- 

ditions, etc. (See Campbell 1974, 1976, 1977: Kiparsky 1974.)  
To conclude, psychological reality can be investigated empir- 

ically but i t  takes more than ransacking a body of  data for the 
internal patterns and processes a linguist might find. I t  re— 
quires that evidence outside these internal patterns be sought 
which shows speakers using the rules o f  their language productive- 
ly.  As more and more cases o f  external evidence are considered, 
important issues in phonological theory may be resolved, and the 
answers to important questions found, questions such a s :  how dif- 
ferent from the surface may underlying forms be and still be 
learned by speakers?; how many forms must illustrate a rule before 
speakers learn the rule rather than the variant forms piecemeal?; 
how do exceptions, non-productivity, non-phonetic conditioning 
factors, "Opacity", and the like a f fec t  the learnability of rules?, 
etc. To answer these and related questions, we need sufficient 
external evidence, and until we answer them, phonological theory 
will be found wanting. 
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THE PSYCHOLOGICAL REALITY OF WORD FORMATION AND LEXICAL STRESS RULES 

Anne Cut ler ,  Experimental Psychology, University o f  Sussex,  England 

Introduction 
'Psychological  r ea l i t y '  has both a strong and a weak sense.  

In the strong sense, the claim that a particular level o f  lin- 
guistic analysis X ,  or postulated process Y ,  i s  psychologically 
real  implies that the ult imately cor rec t  psychological model o f  
human language processing wi l l  include stages corresponding to X 
or mental operations corresponding to  Y .  The weak sense o f  the 
term implies only that language users can draw on knowledge o f  
their language which i s  accurately captured by the l inguistic 
generalisation in question. For cer ta in  l inguistic const ruc ts ,  
this weak sense embodies no more than a claim to  descript ive ad- 
equacy; for  example, the intuitions which the weak reading o f  
'psychological real i ty o f  the phoneme' predicts speakers wi l l  show 
are the same distributional data which led to the postulation o f  
such a construct  in the f i r s t  p lace .  This i s  not true o f  trans- 
formational ru les -—even  to  claim the weak sense o f  psychological 
real i ty  for these is to  claim that speakers can draw on knowledge 
a t  some level o f  the structures preceding and following application 
o f  the rule.  

Lexical s t r ess  rules and word formation rules are transforma- 
tional in nature. Within the grammar, the former are generally as-  
sumed to comprise par t  o f  the phonology, whereas the la t ter  are 
claimed by some (Aronoff 1976) to  const i tute a separate stage pre- 
ceding application o f  all phonological rules.  

I wish to  argue that the available evidence suggests psycholog- 
ical rea l i ty  in the weak sense for  both types o f  ru le,  as currently 
formulated in linguistic theory, but psychological rea l i ty  in the 
strong sense for neither. (Note that this argument cannot be gener- 
al ised to  other phonological descriptions; see Fromkin (1973) for 
an argument in favor o f  strong psychological real i ty o f  abst ract  
phonological representations). 
Lexical S t ress  Rules 

I have previously argued ( C u t l e r l 9 7 7 )  that speech error evi-  
dence does not  suggest the application o f  lexical s t ress  rules in 
the production process ,  i . e .  that lex ical  s t r e s s  errors do not ex-  
emplify the misapplication o f  s t ress  rules. What might we expect 
from an error in s t ress  rule application? F a y ' s  (1977a) argument 
for the strong psychological real i ty  o f  syntactic transformations 
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is based on errors which Pay claims show that a particular rule (a) 

has fai led to apply (what he said? for  what did he say? i s  analysed 

as failure to apply Subject—Auxil iary Inversion), or (b) has applied 

only partially (Do I have to  put on my seat  be l t  on? is explainedzm 

application o f  the movement but not the deletion involved in Par -  

Since the function o f  l ex i ca l  s t ress  rules i s  to  t ic le Movement). 

assign greater relat ive prominence to one syllable in a word than m 

others, one might expect that either failure to apply the appropri- 

a te  rule or only partial application would resul t  in less than the 

expected difference in degree o f  prominence between the syllables of 

That i s ,  i f  no s t ress rule applied at  al l  one might expect 

o r ,  possibly,  
a word. 
all vowels in the word to  b e  (equally) prominent, 

(equally) non-prominent; i f ,  say, the Stress Adjustment Rule failed 

to apply one might expect a syllable to bear tert iary s t ress when fl 

should b e  unstressed, etc.1 But in fac t  lexical s t ress errors resuh 

always in primary word s t ress falling on the wrong syllable, not in 

lack o f  differentiation between syllable s t ress  levels.  Failure to 

apply the Alternating Stress Rule (Chomsky and Halle 1968:  78) woum 

indeed result in s t ress  falling on a wrong syl lable, e . g .  the third 

syllable o f  nightingale; but my corpus o f  lexical s t ress  errors 

contains not a single such example. 

A more complicated hypothesis could b e  pr0posed in which, for 

example, final consonants were misidentified, or the syllables in 

the word counted wrongly, so that s t ress  ended up on the wrong syl- 

lable.  But this hypothesis, l ike the hypothesis that a rule has not 

applied, in no way predicts the most striking characteristic dis- 

played by lexical s t ress  errors.  This is that the syllable which 

wrongly bears s t ress  is always a syllable which bears s t ress in an-_ 

other word with the same item. Typical errors are: econfimist ( c f .  

economic); photraphing ( c f .  photography); conflictN ( c f .  con- 

f l i c t v ) ;  disadvantageous ( c f .  disadvantag_). 

An explanation o f  these errors which does account for this 

curious regularity is the following: derivationally related words 

are in some sense stored together in the mental lexicon, with each 

word ' s  individual specif ication including inter alia an indication 

o f  stress pattern (s t ressed syl lable); a s t ress  error occurs when 

1 .  Such errors do occur, but only when another word derived from 
the same base has the intruding stress pattern; e.g.  [djfipllkëfl 
for [djfiplIkat]. 
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the s t ress  syllable marking se lected is not the one belonging to the 
target word, but that belonging to one o f  the other words in the 
group. (This explanation also accounts for the second, corol lary,  
regularity exhibited by s t ress  e r ro rs :  they occur only in derived 
words and only in members o f  the Latinate section o f  the English 
vocabulary. The Germanic sect ion o f  English is  much less r ich in 
morphologically re la ted pairs o f  words with different syllables 
st ressed,  hence i t  provides less  o f ten the necessary conditions for 
occurrence o f  a lexical  s t ress  e r ro r ) .  

I t  is c lear that this explanation, by assuming s t ress  pattern 
to be  marked in the lexicon, implies that lexical s t ress  rules do 
not apply in the course o f  language production. 

However, there would seem to be no doubt that English speakers 
can draw on knowledge about the principles governing stress assign- 
ment in their language. Many experimental studies ( e . g .  Ladefoged 
and Fromkin 1968 ;  Trammell 1978) have found that subjects ’  pronunci- 
ations o f  non-words or unfamiliar words conform fairly well to the 
predictions o f  the lex ical  s t ress  ru les;  although Nessly (1977) used 
similar data col lect ion methods to adduce evidence in favor o f  his 
own version o f  the rules rather than Chomsky and Hal le 's .  Since 
language users normally find l i t t le  dif f iculty in the task o f  
assigning lexical s t ress  in unfamiliar words, names and nonsense 
words, some representation o f  the principles underlying English 
st ress assignment must be available to them, i . e .  something more 
abstract than the mere aggregate o f  al l  the s t ress  markings stored 
for all the individual words in their lexicon. 
Word Formation Rules 

Aronoff ( 1976 :22 ,  46) and Halle (1973:16) specif ically exclude 
any claim to psychological real i ty o f  word formation rules in the 
strong sense. Nevertheless there is evidence from speech errors 
which could b e  in terpreted a s  favoring such a c laim. Admittedly, 

one hardly ever finds errors in which a word formation rule seems 
to have failed to apply, i . e .  substitution for the target word o f  
the word or morpheme (depending on one 's  formulation o f  the rules) 
which formed the base o f  the target — say, familiar for famil iarity; 
for one thing, preservation o f  target form class is one o f  the 
strongest character is t ics o f  word substitution errors o f  any kind 
(Fromkin 1973;  Pay and Cutler 1 9 7 7 ) .  But errors do occur in which 
the wrong ending, albeit one appropriate to the form c lass,  is  
produced: derival for  derivation/(Fromkin 1 9 7 7 ) ,  self-indulgement 
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for  self-indulgence. A possible interpretation o f  these errors is  

that the wrong word formation rule has been appl ied.2 

I t  wi l l  be obvious, however, that the model suggested in the 

previous sec t i on  excludes the application o f  word formation rules 

in production as firmly as i t  excludes the application o f  lex ica l  

s t r e s s  rules; i f  word formation rules operate, s t r e s s  could not be 

marked in the lex icon as i t  would be dependent on the operation o f  

the word formation ru les.  Can this model assign an interpretation 
to  the su f f i x  errors mentioned above? One obvious remark to be made 
about these errors is  their similari ty to p re f i x  er rors  as discussed 

by Fay (1977b ) .  
tuting for  another (e .g .  intention for attent ion) or a non—word 

Pref ix  errors resul t  in one pref ixed word subst i -  

being formed by the addition o f  an inappropriate pre f ix  (concustomed 
for accustomed).  Similarly su f f i x  er rors  can resul t  in non—words 
(e .g .  l ikeliness for likelihood) or in words (necessitous for neces- 
sary; these lat ter  errors,  word substitutions in which target and 
error d i f fe r  only in the suf f ix ,  are o f  course di f f icult  to distin- 
guish from semantic errors and malapropisms). Fay suggested that 
pref ixed words with the same stem might be s tored together in the 
lexicon, and a pre f ix  error result  when not the target pre f ix  but a 
neighbouring pref ix  was selected by mistake.  I t  i s  clear that  a 
similar prOposal could account fo r  suf f ix  errors producing real 
words.  Thus the lexical  entry for a word family would be headed by 
the stem; the detailed entry for each member o f  the family would 
spec i f y .a f f i xes ,  i f  any, number o f  syllables (see Engdahl (1978))  
and an indication o f  which syllable should bear lexical  s t r ess .  To 
account, however, for both prefix and suf f ix  errors which produce 
non-words, the model needs to  be extended, perhaps to  allow the 
production device to se lect  an appropriate a f f i x  from i t s  a f f i x  
inventory in cases in which the target a f f i x  became in some way 
momentarily unavailable. ( I t  is noteworthy that even when an a f f i x  
error includes a s t ress  er ror ,  s t ress  in the error occurs on a sylb 
able which bears s t ress  in some member o f  the word family-) To 
prepose factors which might precipitate a f f i x  unavailability, i . e .  
which might render the a f f i x  temporarily diff icult for the produc- 
t ion device to interpret, i s ,  however, to enter the realm o f  pure 

2 .  These errors show no general tendency for  a f f i xes  with + or #= 
boundaries to  prevai l ,  or for  more productive a f f i xes  to replace 
less  productive. 
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speculation. I t  is t o  be hOped that more light wi l l  soon b e  shed 
on th is  i s s u e ;  f o r  the t ime being we must acknowledge that  the 

evidence does not strongly support any particular model. 
There is  no doubt a t  a l l ,  however ,  that  the  f a c t s  o f  w o r d  f o r -  

mation have a claim to  psychological real i ty  in what we have identi- 
f ied as the weak sense. Al l  the Speech error  evidence which has 
been discussed above and which has been interpreted as support fo r  
a model o f  the mental lexicon in which re lated words are s tored to -  
gether also provides c lear support fo r  the psychological rea l i ty  o f  
morphological structure.  A considerable body o f  psycholinguistic 
evidence a lso supports this conclusion ( e . g .  T a f t  and Fors te r  1 9 7 5 ) .  
Whether or not rules o f  word formation o f  the part icular type pro- 
posed by Aronoff  are available t o  English speakers t o  generate new 
and nonce words i s  however uncertain. Aronof f  and Schvaneveldt 
(1978) report that subjects in a lexical decision study are more 
l ikely t o  produce fa lse posi t ive responses t o  non-words formed with 
the productive suff ix —n§§§ than with the l ess  productive su f f i x  
—it  , a result predicted by Arono f f ‘ s  model. 

However the resu l ts  o f  an informal study o f  my own were l ess  
c learcut .  In this study sub jec ts  were asked to  choose between two 
candidates for words to  f i l l  what amounted to  a gap in the language 
( e . g .  to  choose between excusal and excusement for  ' a c t  o f  excus-  
i n g ' ) ;  each pair o f  neologisms comprised one word formed with a=# 
boundary (723353 'ËÎËÈR —ise,  —ish,  —y) and another formed with a 
+ boundary suf f ix  (the latter, which o f ten  resul t  in s t r e s s  fal l ing 
on the suff ix rather than on the s tem, are considered to  be l ess  
productive than the ## boundary su f f i xes ) .  Many o f  the words used 
were l i s ted  in the OED, but none in the Concise Oxford  Dict ionary,  
and in fac t  none o f  the 12 sub jec t s ,  graduate students and faculty 
in psychology and language, c la imed t o  recogn ise  any w o r d .  

Since I used only 24 pai rs  and made no attempt to  cover  a l l  
possible combinations the results can hardly be  considered conclu— 
sive. Nevertheless some interesting tendencies came to  l igh t .  In 
general, subjects showed approximately equal preference for the more 
and the less  productive endings. All sub jects  pre fer red excusal t o  
excusement and despisal  to  desRisement, although the OED l i s t s  al l  4 
forms; similarly, subjects preferred amassal and adressa l  although 
the OED l i s t s  only amassment and addressment. -ness was .p re fe r red  
to  - i t y  for  s in is ter  (OED l i s t s  both s in is ter i ty  and s in is terness 
for ' qua l i t y  o f  being s i n i s t e r ' )  and incestuous (OED: - n e s s  o n l y ) ,  
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but acc identa l i ty  was p re fer red t o  accidentalness (OED has b o t h ) .  

For verb formations subjects seemed not to  be able to make confident 

choices, and no clear trends emerged; an indication o f  the confushm 
can perhaps b e  seen in the fac t  that whereas more sub jec ts  preferrw 
rapidify to  rapidise for 'make rap id ' ,  vapidise was chosen more 

o f ten than vapidify for 'make vap id ' .  Adject ives revealed yet  an- 

other pat tern o f  results in that subjects formed two clear groups, 

those who consistently preferred the less  productive + a f f i xes  and 

chose, e . g . ,  spectatorial, plumageous, and dowagerial, and.those who 
consistent ly chose the more productive ## a f f i xes ,  i . e .  pectator ifl ,  
plumagy, dowagerish. 

The most  that can be extracted from these findings is the con- 
clusion that English speakers do not exhibit a great degree o f  una- 
nimity in their choice o f  nonce formations. However some light is 
shed on the psychological real i ty o f  word formation processes by a 
comment made by several subjects independently, namely that althoufl 
words formed with the + aff ixes (-al, - i t  , ~ify, 'iâl: -92§) were 
aesthetically more pleasing and would be preferred as  permanent 
additions to the vocabulary, a ## a f f ix  would generally be more 
useful to  achieve understanding in everday conversation. Thus al- 
though vi l lagerial might in general be  preferable to  vi l lagerish as 
an English word, the latter would be more likely to get the message 
across t o  an audience not expecting an unfamiliar word.  Words with 
## a f f i xes ,  which leave st ress on the stem, are in other words re-  
cognised by speakers to  be morphologically more transparent. 
Conclusion 

Morphological structure is psychologically real in that 
English speakers are aware o f  the relations between words and can 
form new words from old.  The principles underlying lexical s t ress  
assignment are psychologically real  in the sense that speakers know 
the s t ress  pattern o f  regularly formed new words. The extent  to  
which such knowledge proceeds from competence in the language or 
awaits conscious insight into morphological relationships is  how— 
ever unclear. I t  has frequently been suggested to  me that morpho- 
logical influences apparent in my s t ress  error corpus results from 
error col lect ion within a highly l i t e ra te  and l inguistically 
sophisticated population I f  so ,  then a speaker o f  English who 
knows, for example, the words economic and economist but i s  unaware 
o f  any relation between them should presumably not produce a s t ress 
error involving either o f  them. There is certainly no reason why 
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the structure o f  the mental lexicon should not b e  al tered as a 

result o f  new knowledge about word structure being incorporated in 
the form o f  newly se t  up groupings or connections. But i t  is also 
possible that we know more than we are aware o f .  Recall  F a y ' s  dis- 
cussion o f  pref ixed words;  how many o f  us are consciously aware, 
for example, that the stem spect in respect appears a lso in expect? 
I t  is at least  possible that our mental lexicon could contain such 
knowledge even i f  we were not capable o f  making conscious use o f  i t .  
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PROBLEMS IN ESTABLISHING THE PSYCHOLOGICAL REALITY OF 

LINGUISTIC CONSTRUCTS 

Bruce L. Derwing, Department of  Linguistics, University o f  Alberta, 

Edmonton, Alberta, Canada T6G 2H1 

The "psychological reality" issue in linguistics - and in 

phonological theory in particular - has many more facets than 

seem to be generally recognized. The f i rs t  problem is the recog- 

nition that a problem in fact  exists.  Under the influence of ideas 

which developed originally in comparative philology, the prevail- 

ing linguistic philosophy has long been one o f  autonomy: a lan- 

guage has been viewed as a kind o f  isolated "natural object" 

which could be investigated independently o f  the psychology o f  

i ts  speakers and hearers. In recent years,  this misapprehension 

has led to a concept of linguistic "competence" (Chomsky 1965) 

which consists o f  nothing more than an arbitrary set o f  "coding 

principles" (Straight 1976) abstracted by linguists from linguis- 

tic data and treated as something quite distinct from the mecha— 

nisms o f  listening and speaking. Ye t ,  in fac t ,  a language is  not 

an isolated "thing" at all, but is rather the product o f  various 

psychological and physiological processes which take place within 

human beings. Physically, the language product can be studied in 

the form o f  speech articulations, acoustic waves, or peripheral 

auditory events, but in none o f  these three observable, physical 

states can we find anything which smacks o f  linguistic “structure" 

(not even "phones," which already involve considerable processing 

by the human perceptual apparatus).  Linguistic "structure," there- 

fore, i f  this term refers to anything real at a l l ,  must refer to 

representations or interpretations imposed upon the speech signal 
by language users, normally as  part and parcel o f  the communica— 

tion event i tself  (Derwing 1973 ,  3 0 2 - 3 0 7 ) .  

cal reality is not merely a convenient luxury which linguistic 
In short, psychologi- 

theory may or may not choose to be concerned with, but is  rather 

the ÊÈÊÊ SEE EEE for any linguistic construct which aspires to 

anything more than an epiphenomenal or artifactual status, and 

hence for any linguistic theory which can justifiably claim to go 
beyond the bounds o f  an arbitrary taxonomic system. 

It is for this very reason, in f ac t ,  that all of  modern 

"autonomous“ linguistics suf fers  from an insoluble non-uniqueness 
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problem: any set o f  language forms can be correctly ( i . e . ,  accurate- 

ly)  described in many di f ferent ways, as  even the simple example o f  

the English plural inf lection clearly shows (Derwing 1 9 7 4 ) .  This 

implies that pure " l inguist ic" or "internal“ evidence ( i . e . ,  evi— 

dence about " s ta t i c "  language forms, e t c . )  i s  quite inadequate to 

distinguish a wide range o f  theoretical alternatives. 

apparent solution to this problem (apart from the adoption o f  ar- 

bitrary principles for  grammar "evaluation") is  to redefine the 

nature o f  the discipline: to say that the goal o f  linguistics i s  

not merely to describe utterance forms, but rather to describe 

The only 

the knowledge and abi l i t ies which speakers have to produce and 

comprehend them. Linguistic claims now become subject to the test  

o f  truth: whereas the forms will admit o f  numerous possible de— 

scriptions, there are many psychological claims about what the 

speaker knows or does which can be shown to be wrong or inadequate. 

So an expanded domain o f  "psycholinguistic" evidence can help to 

sort out alternatives which the traditional kinds o f  "linguistic" 

data could not .  

To recognize the need to psychologize linguistics is  one 

thing, however, and the actual practice is  something else again. 

Chomsky himself declared linguistics to be a branch of  cognitive 
psychology a ful l  decade ago ( 1 9 6 8 ) ,  yet he and his followers 

st i l l  continue to embrace many o f  the same old "pernicious ideas" 

(McCawley 1976)  which prevent this conception from becoming any— 

thing more than a slogan. In other words, while the so-called 

"Chomskyan revolution" may well have entailed a terminological 

re-orientation in the direction o f  the psychologization o f  lin— 

guistic jargon and associated claims, no corresponding methodo- 

logical revolution accompanied these changes, with the result 

that the generative grammarians "continued to practice linguis- 

t ics as i t  has always been standardly practiced" (Sanders 1977,  

165 ) .  
logical reali ty," yet they still persist in evaluating their theo- 

Such linguists may thus claim to seek or establish "psycho- 

r ies on the basis o f  various "simplicity" considerations rather 

than on the basis o f  independent psychological evidence (as i f  the 
more general theory were,  in f ac t ,  the most psychologically "val id";  

contrast Fromkin 1 9 7 6 ,  5 6 ,  with Steinberg 1976 ,  3 8 5 — 3 8 6 . )  

But we are st i l l  merely scratching at the surface o f  the 

problem. It has become commonplace nowadays to find exhortations 
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in the linguistic literature to "expand the data base,"  often in 

much the same directions as outlined above, yet Greenbaum seems 

quite justif ied in expressing the doubt "whether linguists wil l  

abandon a particular linguistic formulation on the basis of psycho- 

linguistic evidence" (1977,  1 2 7 ) .  Why should they? 

all, since most linguistic theorizing was done within the non— 

For,  af ter 

psychological or "autonomous" linguistic tradition, it is seldom 

clear what particular psychological claims, i f  any, are to be 

associated with any particular linguistic analysis. Obviously, 

before we can ever hope to make use o f  new kinds of  evidence to 

test or evaluate psychological claims, we must f i rst  know what 

the particular claims are that we are required to evaluate. 

This is the crux of what I have called the interpretation 

problem for grammars (Derwing 1 9 7 4 ) .  I f  grammars merely describe 

utterance forms,then evidence about such forms is the only kind 

relevant to the evaluation of  grammars, and a selection from a- 

mong competing grammars can only be made on the basis of criteria 

which are ultimately arbitrary. But i f  grammars relate in any 

way to psychological events or states, then we need to interpret 

grammars psychologically so as to make it clear what the new em- 

pirical implications of  these grammars are.  In other words, a 

formal grammar requires a psychological interpretation before 

it can become part of a psychological theory, and it is only the 

combination of the grammar plug the interpretation which can be 

put to an experimental test .  

Now the problem of interpretation is not nearly so severe 

with respect to some o f  the older, more concrete linguistic no- 

tions as in the case o f  many o f  the more recent, abstract devel- 

opments. In Derwing & Baker ( 1 9 7 7 ) ,  for example, a summary is  

provided of  various straightforward interpretations, relevant tests 

and new experimental data which help to answer the question of 

which, if  any, of several obvious ways of  describing the English 

plural inflection is psychologically real. Serious problems arise: 

however, when we come to analyses of  the type discussed in Andersml 

(1974, 54-61),  which involve the positing of single "underlying” 

lexical representations and "extrinsically ordered“ phonological 

rules. Even ignoring the major problem of  what psychological in- 

terpretation to place upon the general notion of  the grammatical 

"generation" o f  forms (o f .  Crystal 1974,  3 0 3 ) ,  what psychological 
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sense can possibly be made, f i rst  o f  al l, o f  a notion o f  rule 

"ordering" which has no relation to real time? To my knowledge, 

no one has ever even proposed a sensible real—world analogue o f  

this idea, and without an interpretation, to repeat, it i s  impos- 

sible to tell what kind o f  experimental test  is even relevant to  

evaluate i ts validity. Fortunately, in this instance, at least ,  

the concept is  one that linguistic theory seems to be able to get 

along very nicely without, merely by reformulating all rules in 
such a way that no arbitrary ordering relations are required among 

them ( o f .  Derwing 1973 & 1 9 7 5 ) .  But we are st i l l  le f t  with the 

problem of  what psychological content we can associate with the 

l inguist's notion of  the "underlying" or "base" form in phonology. 

A few suggestions have at least been made in this case ( e . g . ,  

Linell 1974 ;  Ingram 1976 ;  Birnbaum 1 9 7 5 ) ,  but none o f  them have 

yet seemed compelling enough for anyone to r isk taking one out 

onto an experimental limb. There i s ,  in any event, another, less 

direct route which can be taken in connection with this particular 

evaluation problem. The keystone argument is that there is no 

basis for positing a single "underlying“ lexical representation 
for any set o f  supposed "morpheme alternants" unless the alter- 

nants in question can indeed be shown to represent the "same 

morpheme" for speakers. Thus a test which assesses a speaker's 

ability to "recognize morphemes" can indirectly provide evidence 

relevant to  the question o f  the extent to which psychological 

theories might plausibly be constructed which incorporate the 
linguistic notion of  the "underlying" form. For example, on the 
basis o f  "morpheme recognition" data collected by means of tests 
described in Derwing ( 1 9 7 6 ) ,  there is reason to believe that typ- 

ical speakers judge a word-pair to contain a common morpheme only 

i f  the two words involved share a certain "critical'' degree o f  

both semantic and phonetic similarity, as independently assessed 

(Derwing & Baker in p r e s s ) .  On this evidence, therefore, any 

linguistic analysis which posi ts  a common lexical representation 

for words such as fable and fabulous, which lie outside of  this 

"critical" area, is not even psychologically feasible for more 
than a very small minority o f  speakers. 

While the recognition and solution o f  the interpretation prob- 

lem represent, I think, the main barrier to the establishment o f  

the psychological reality of  linguistic constructs, there are still 
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quite a number o f  smaller obstacles which also have to be faced 

and overcome. For one thing, we must learn to res ist  the tempta- 

tion to be "bathtub experimentalists" ( i . e . ,  prone to the cry of  

"Eu reka ! “ ) .  For even an investigator who fully recognizes the 

need both to interpret and to test linguistic theories on psycho- 

logical territory may well ( fo r  lack o f  laboratory experience, _ 

for example) fa i l  to anticipate many o f  the di f f icul t ies which can ‘ 

arise out o f  the very activity o f  devising, carrying out, and 

finally evaluating experiments. The most insidious of  these di f -  é 

f iculties, no doubt, is  the one associated with the experimental 

a r t i fac t .  For just as (autonomous) linguistic theorizing has 

yielded many concepts which have no real- l i fe analogues in the 

knowledge or skills of  real language users,  so a particular ex- 

perimental technique can also yield data which are more repre- 

sentative o f  the technique (or o f  his subjects '  ingenuity) than 

of the subjects' control o f  the phenomenon o f  interest. A particu- 
lar experiment does not always test  in practice what the experi- 

menter thinks it is testing in theory. I have encountered this 

problem at least twice in my own research ( c f .  Derwing 1976, 43-50)  
and Fromkin(1976) properly takes a few experimenters to task for 

But in the 
last analysis there is only one sure way to dispel doubts about 
perhaps jumping too fast  to conclusions because o f  i t .  

the "experimental ar t i fact"  and that i s  via the very painstaking 

route of  cross—methodological verification: each evaluation prob- 
lem must be approached by means o f  a variety o f  alternative ex- 

perimental routes, in order to insure that the results obtained 

are independent o f  any particular experimental procedure. 

There are,  o f  course, other methoddlogical problems to be 

mentioned, as well. There is  always, for example, the possibility 

of the “ j us t  plain goof" whenever experimental data are collected, 

interpreted and evaluated, a danger that springs from causes as 

trivial as the mispunching of  data cards to  others as abstruse as 

failure to attend to assumptions which underlie a particular sta- 

tistical model. Yet the most common type o f  error to sneak through 

a data analysis unattended, perhaps, i s  the one that results from 

a failure to take due cognizance o f  uncontrolled confounding vari- 

ables ( c f .  Derwing & Baker 1977,  1 0 0 ) ,  with the result that one 's  

interpretation may be based on an apparent cause rather than the 

real one. But, again, there is  no sure or simple formula to 
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guarantee safe passage through such treacherous and unpredictable 

waters as these: one can only take the utmost care possible in his 

own work, then hope that his readers and critics will pick out 

whatever errors and oversights may remain. 

Finally, there is  also the problem of  the extraneous or 

"nuisance" variable, so called, no doubt, because it is  often so 

very hard to  eliminate from the experimental situation, even when 

the investigator may know full well that it is there. In my own 

"morpheme recognition" research, for example, the interpretation 

o f  the data is continually muddled by the factor o f  possible or- 

thographic interference. How much are "linguistic intuitions“ 
conditioned by the academic task o f  learning how to read, there- 

by complicating our e f fo r ts  to understand the "natural" course of 

language acquisition through mere exposure to spoken language forms 
under normal circumstances of  use? (A very similar question is 
the one concerning the very validity of  the "linguistic intuitions" 
of  subjects who have already been exposed to any significant degree 
o f  formal linguistic training; c f .  Derwing in p ress . )  Answers to 

such questions can only be partially and very tentatively answered 

so long as one is  forced to deal with literate (or "non-naive") 

experimental subjects.  I am very happy to see, therefore, that 

some aspects o f  my work are soon to be replicated and extended to 
the study of Lapp morphology by R. Endresen of  the University of  
Oslo, for included in his population samples will be many speakers 
who are not only linguistically untrained, but also illiterate in 
their own language, thereby making it possible to investigate 
systematically at least some e f fec ts  o f  the orthographic variable. 

Unfortunately, not all "nuisance" factors can be so conveniently 

dealt with, and these others will continue to constitute one of  

the more troubling aspects o f  trying to advance our knowledge by 

means o f  controlled experimental research. But since this is the 
way of science and the only secure route we know of  for estab- 

lishing knowledge about the world and i ts inhabitants, we have 
little real choice but to face them all head on. 
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ARGUMENTS AND NON-ARGUMENTS FOR NATURALNESS IN PHONOLOGY: 

ON THE USE OF EXTERNAL EVIDENCE 

Wolfgang U. Dressler,  Institut für Sprachwissenschaft, 
University o f  Vienna, Austria 

§ l . 0  The concept of  naturalness has become a major concern for 
many phonologists. In my View, the concept o f  naturalness should 

be best  regarded as  a basic principle o f  a phonological theory and 

should be tested by the judicious use o f  external (or substantive) 

evidence. 

As to the relationship of  naturalness to psychological rea l i ty ,  

my point is that a natural phonological analysis o f  a phenomenon 

claims psychological real i ty for i t s  concepts and const ruc ts .  

However, not al l  psychologically real constructs in a phonological 

analysis need to be phonologically natural. E . g . ,  a phonological 

process (henceforth PR) posited by the linguist may re fe r  to con- 

structs o f  natural morphology (Cp. Mayerthaler to appear), especial- 
ly in case o f  so-called morphonological rules (cp .  Dress le r ,  1 9 7 7 a ) .  

§ l .1 In the theory o f  Natural Phonology (henceforth NatPhon), as 
proposed by Stampe since 1968 (see now Donegan and Stampe to ap- 

pear) and ‘Polycentristic Phonology' (Dressler 1977a) ,  naturalness 
occupies a central place. Phonological systems are phonetically 

(and I add, psychologically and. to  a lesser degree: sociologically, 

historically) motivated. The basic constructs o f  Natural Processes 

in the sense o f  "mental substitutions which systematically but sub- 

consciously adapt our phonological intentions to our phonetic can 

pacities" (Donegan and Stampe to appear, §l ,  including i ts  per- 
ceptive converse) are substantive universals. 

§1.2 Similar to adherents of  NatPhon, S .  Schane and M. Chen (see 
Sommerstein 1977 ,  2 3 0 ,  2 3 3 )  have claimed that particular languages 

select PRs from a f ixed universal set  o f  natural processes and may 

impose constraints on their applicability. In the best  o f  cases 

a PR forms a subset o f  a universal process (as  characterized by 

the theory) and any restrictions vis-a-vis the general form of  the 
respective universal process can be derived from the hierarchies 

o f  the universal process and from a fairly small number o f  prin- 
ciples of  restr ict ions. 

But what i f  a PR is not such a regular subset o f  a universal 
process? In this case NatPhon (or a t  least Polycentristic Phonol- 

ogy) cannot appeal to  frequency or intuitive plausibility, but 
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must explain why the given PR is  not a regular subset o f  a uni- ! 
versal  process.  1) Modif ication o f  the i 

2 )  The deviation is  due to  language acquisi— ? 

Several avenues are open: 

universal process.  

t ion;  in this case well-motivated l inguistic and psychological 

concepts must explain the deviancy. 3 )  The deviation i s  due to  

4) The 
a possibi l i ty avoided 

in NatPhon (but cp .  Dressler 1977a;  Sommerstein 1 9 7 7 ,  2 3 5 f ) .  

Since such PRs (diachronically) must go back to to ta l ly  natural 

PRS, explanation 4) includes explanations 3) and 2) .  ! 

h istor ical circumstances (including sociological f a c t o r s ) .  

PR is  not totally (phonologically) natural ,  

§ l . 3  Thus, i t  becomes clear that external evidence, a t  least  from 

language acquisition, diachrony, and sociol inguist ics is  not ex-  

ternal for NatPhon, but forms an integral part  o f  the area i t  has 

to cover. Moreover, there i s  no theoretical or methodological 

principle which should exclude other dimensions o f  external evi— 

dence from investigation: 

§ 1 . 3 . l  Take sociophonology: The rest r ic t ion to the investigation 

o f  only one level o f  formal, maximally d i f ferent iated speech as 

practised in most o f  generative phonology and almost al l  o f  

structural phonology is  an undue limitation o f  interest and o f  

access to natural speech, whose variation is  apt to  give important 

insights even to formal principles o f  rule application ( c p .  Dressler 

1 9 7 5 ) .  However, any detailed and theoretically sound work on 

casual v s .  formal speech presupposes the inclusion of  both, psycho- . 

logical/psycholinguistic theory (cp .  Vanecek and Dressler 1977)  

and sociological/sociolinguistic theory ( c p .  Wodak and Dressler 

1978 ) .  
§ l . 3 . 2  Or: The differential (and always non—random!) breakdown of  
phonology in aphasia gives important insights into the structure 

o f  phonology. However, studies so far have not completed the de- 

sirable integration of  a l l  disciplines relevant to aphasia, e . g .  

the brilliant thesis o f  Keller (1975)  neglects a l l  recent phono- 

logical theories, whereas the present w r i t e r ' s  studies (Dressler 

1977b; 1978)  have not yet integrated neuropsychology. 

types o f  external evidence, see Linell ( 1 9 7 4 ) ,  Fischer—Jorgensen 

(1975,  2 2 4 f f ) ,  Zwicky ( 1 9 7 5 ) ,  Skousen ( 1 9 7 5 ) .  ' 

§ 2 .  Non-arguments for naturalness 

For other 

In the literature we f ind certain nonwarguments/fallacies: 

§ 2 . 1  "Facts about the real working of  the brain are most important". 
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Anttila (1977 ,  

opposed to  indirect neurolinguistic evidence, against generative 

grammar, when he ci tes the biologist W. Wieser about the brain not 

221) bel ieves to have found direct evidence, as  

working exact ly ,  o f ten  blundering and correcting i t se l f ,  not pro- 

ceding logical ly,  but according to similarit ies, being extremely 

redundant, e t c .  However, Wieser has informed me that these phe- 

nomena a t  the micro-level do not preclude precise rules a t  the 

macro-level (which is  the level o f  interest for l inguist ics) ,  just  

a s  Heisenberg's indeterminacy relation does not v i t iate the pre- 

c ise  working o f  laws o f  c lassical  physics in macrophysics. Here 

we might speak of  a micro-anatomic fa l lacy.  

5 2 . 2  

anatomic fa l lacy or mistaken equation o f  phonology and phonetics, 
There i s  a similar fal lacy which one might cal l  the macro- 

which i s  an exaggeration o f  the Physical/Phonetic Basis Condition 

(Botha 1978 I I ,  1 6 f f )  o f  phonology. 

the interaction between phonological and morphological or phono— 

This line o f  argument neglects 

logical and lexical naturalness (cp.  Dressler 1977a) and o f  what 

Hyman (1977)  has called phonologization (which in my view starts 

with allophonic PRS producing extrinsic instead o f  intrinsic al lo- 

phones).  

§ 2 . 3  S t i l l  more common is  the fa lse equation o f  naturalness with 

concreteness, since as a result o f  refusing the abstractness in- 

volved in standard generative phonology, many phonologists have 

regarded concreteness a s  a virtue in i t se l f .  However, phonological 

concreteness has o f ten been achieved a t  the expense o f  morphology 

( e . g .  Skousen 1974)  have 

More important s t i l l ,  

for which very few 'concrete phonologists' 

cared to provide a theoretical framework. 

concreteness has been defined ( i f  a t  al l) as restrictions on the 

relationship between underlying phonological and surface phonetic 

representations. In my opinion i t  i s  possible to define the 

naturalness of  processes and o f  representations (be it  as structural 

symmetries as found by phonemicists or natural asymmetries as de— 

rived from processes,  see Stampe ( 1 9 7 3 ) ) ,  but not the naturalness 

Notice both the failure 

of  Kenstowicz and Kisseberth (1977)  to find universal formal con- 
o f  relationships between representations. 

straints on the distance between phonological and phonetic repre- 

sentations (cp .  Gussman 1978 ,  1 5 4 ,  1 6 7 f ;  Sommerstein 1 9 7 7 ,  2 3 7  

n. 4 7 ) ,  
strictions of  Natural Generative Phonology (see Hooper (1976)  and 

and the undesirable results o f  the much more rigorous r e -  
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i ts  critique by Gussman (1978,  chapter l )  and Donegan and Stampa 
to appear, 5 3 . 1 . ,  5 4 ) .  

A s  an example I simply want to re fe r  to the abstract  analysis . 

o f  German [ q ]  as underlying /ng/ (discussed in detail in Dressler ! 
to appear; cp. Dressler (1977a,  5 1 ) ) .  For the much debated PR ; 

g + ®/n-——— (except before non—centralized vowel) ,  I have found 
external evidence, e . g .  in loan—word integration and sociophono- 

logical variation ( e . g .  [ ‘ a o g e l a ]  v s .  [ ' a q e l a ]  ' A n g e l a ' ) ,  in child 
language (Mandarine 'tangerine' + E m a q g a ' r i : n e ]  vs .  [ m a q a ' r i z n e ] )  ; 
and aphasia ( see  Stark 1 9 7 4 ) .  Thus, multiple external evidence 

has been found in support o f  the psychological real i ty o f  this PR, 1 

although this analysis implies a very abstract underlying repre- : 

sentation (cp .  Kenstowicz and Kisseberth ( 1 9 7 7 ,  7 f ,  5 3 ) ,  Gussman 
(1978, 1 6 8 ) ,  see below 5 3 . 4 ) .  
5 2 . 4  Often natural is falsely equated with productive. This 
equation (FischerwJergensen (1975 ,  2 2 8 f ) ;  Skousen ( 1 9 7 5 ) ;  Linell 
( 1 9 7 6 ) ,  e t c . )  might hold most o f  the time, but not always (Dress ler  * 
(1977a, l 9 7 7 c ) ) .  
5 2 . 5  Sti l l  weaker and never explicitly justif ied is the equation 
o f  natural and ( e . g .  typologically) frequent. Frequency might be 
a f i rst  indicator for the phonologist looking for universals, but 
what counts is  explanation in the sense o f  causal argumentation. 
§ 3 .  Counterarguments against external evidence 

§ 3 . 1  "External evidence is  unnecessary, internal evidence su f f i ces " .  
This 'Nonnecessity Thes is '  has been proved by Botha (1978 I I) to a 
be incompatible with empirical mentalism. Formal, 'pure '  lin- 
guistics cannot alone do the job o f  vouching for psychological 
real i ty. Due to the serious underdetermination o f  standard data 

(internal evidence), various sources o f  external evidence must be 
adduced (cp. §1.3 and Botha (1978 II, I I I  § 5 . 3 ) ) .  
§ 3 . 2  "External evidence i s  too unclear" .  However, internal 
evidence based on intuitions as ut i l ized in generative phonology 
is  unclear i tse l f  in many respects as  Ringen (1975)  has shown. 
Moreover, i t  must be noted that evidence from diachrony and loan- 
word integration seems to be accepted by many who shun other ex- 
ternal evidence. 

Unfortunately, the use of  both types o f  evidence has been 
grossly simplified by most generative phonologists; for loan-words 
see Fischer-Jorgensen (1975, 2 2 9 ) ,  Kiparsky (1973, 112f f ) ,  Dressler ‘ 
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(1977a ,  3 5 f f ) .  A s  to diachrony, both s t ructura l is ts  and generati- 

v i s ts  have limited themselves far too o f ten to  nomological explana- 

tions ( e . g .  symmetry, rule s impl i f icat ion),  while neglecting the 

all-important genetic explanation, e . g .  by confusing sound change 

with sound correspondences; thus context-free processes have been 

liberally adduced as evidence, although they a re ,  I bel ieve, always 

the f inal result o f  generalizing context-sensitive sound change. 

§ 3 . 3  External  evidence shows "what in f a c t  counts as  internal evi- 

dence" (Kenstowicz and Kisseberth 1977,  3 ) .  Does this mean that 
e . g .  English loan-words in Japanese might be used to demonstrate 

the necessity o f  morpheme structure censtraints or redundancy rules 

within phonological theory, but not for corroborating their specif ic 

forms in Japanese i tse l f?  _ 
5 3 . 4  "Internal evidence is more important than external evidence", 
a view held by many (ca l led  the Nonprivileged Status Thesis by 

Botha (1978 I I ,  1 2 f ) ) .  However, quite apart from i t s  theoretical 

shakiness (cp .  5 1 ) ,  there are counterexamples: E . g .  the abstract  

analysis of English [ 0 ]  as /ng/ rests on exceptional (and thus sus- 
pect) alternations like lgEn], lg[ng]§§3, whereas the normal, pro- 
ductive superlatives are e .g .  bggi[0]953, winni[q]gg£; but external 
evidence for the abstract analysis is  excellent (start ing with From- 

kin (1973,  2 2 3 ) ) .  Even more extreme is  the German situation, where 
in most varieties internal evidence is restricted to distributional 
evidence (Vennemann 1 9 7 0 ) ,  which generativists usually esteem much 

less than evidence from alternations, alternations in this case 

exist only in external evidence (see above 5 2 . 3 ) .  
5 3 . 5  Botha (1970,  l 3 0 f f )  has deplored the 'qualitative type jump' 
from internal to external evidence and the lack of  criteria o f  ade- 

quacy. Since then he has revised his standpoint and has demanded 

the construction o f  "bridge theories" mediating between linguistics 

and other disciplines relevant for the given type o f  external evi— 

dence (Botha 1978 I I I ,  2 7 f f ) .  But 'hyphenated' disciplines, such 

a s  psycholinguistics, sociolinguistics, neurolinguistics have strived 

just for that since many years! 
§ 3 . 6  "External evidence is  o f ten  divergent and incoherent“ (Guss- 

man ( 1 9 7 8 ,  167 f )  happily c i tes  Dressler (1977d ,  2 2 4 ) ,  where higher 

standards in the use o f  external evidence are demanded). Here 
Botha (1978  I I I ,  3 0 ,  2 7 f f )  correctly s ta tes  "that the relative 
weight o f  a given kind of external evidence is a function of  the 
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adequacy o f  a particular bridge theory".  In other cases conflicthm 

external evidence may force us to  rev ise phonological theory ( e . g .  

in the case of introducing Korhonen's concept o f  'quasi—phonemes' 

in Dressler (1977a, 5 2 f f ) .  
§ 3 . 7  
seems to strike a heavy blow to the theory espoused here: I have 

In connection with § 3 . 6  I want to discuss a problem which 

linked naturalness firmly with the universality o f  natural processes 

However, processes actually studied, show d i f ferent  hierarchies, 

both typologically and in external evidence ( c p .  Drachman 1977:  

Ferguson 1 9 7 8 ) ,  although hierarchies have been claimed to be an 

integral part of the universal processes constructed by NatPhon. 

Whereas Atomic Phonology has found a purely formal solution (cr i t i -  

c ized by Donegan and Stampe ( 1 9 7 7 ) )  to this problem, I want to come 

back to § l . 2 .  
logical and psychological restr ict ions are determined both by ma- 

The reactions o f  an individual to innate physio— 

turation and social environment. In this way I agree neither with 

(rather mystical) strong claims about innate universals (as  in cer- 

tain quarters o f  T G ) ,  nor with the arbitrariness o f  the outcome of 

societal constraints (as  implied in marxist  critiques o f  T G ) .  

fore ( in  Dressler 1977a) I have spoken only o f  universal tendencies 

(one type being universal processes)  which necessari ly conf l ict  and 

must be compromised by the language learner: Thus, certain univerafl 

processes are suppressed either in the language a s  a whole or in 

certain domains o f  external evidence; or they are restr icted in 

ways allowing di f ferent process hierarchies. Moreover, a typology 

o f  phonological processes must consider advances made in the theory 

o f  typology: e . g .  ordering typologies may be multilinear (with 

branchings). 

References 

Antt i la, R .  ( 1 9 7 7 ) :  Rev. of  Linell 1 9 7 4 ,  Lingua 4 2 ,  219-222 .  

Botha, R .  ( 1970 ) :  The justif ication of  linguistic hypotheses, 
The Hague: Mouton. 

Botha, R .  ( 1 9 7 8 ) :  On the method o f  mentalism, M s . ,  University o f  
Stellenbosch. 

Donegan, P .J .  and D.  Stampe ( 1 9 7 7 ) :  "On the description o f  phono- 
logical hierarchies", in CLS Book o f  Squibs, S .  Fox et a l .  
( e d s . ) ,  3 5 - 3 8 .  

Donegan, P . J .  and D .  Stampe ( t o  appear) :  "The study o f  natural 
phonology", in Current Approaches to  Phonological Theory 
D .  Dinnsen ( e d . ) ,  Bloomington: Indiana University Press.  

There 

DRESSLER 99 

Drachman, G .  ( 1 9 7 7 ) :  "On the notion 'Phonological H ie rarchy ' " ,  in 
Phonologica 1 9 7 6 ,  W. Dressler and o .  P fe i f fe r  ( e d s . ) ,  Inns— 
brucker Studien zur Sprachwissenschaft ,  85—102 .  

Dressler,  W.  ( 1 9 7 5 ) :  "Methodisches zu Allegroregeln", in Phonologica 
1 9 7 2 ,  W. Dressler  and F .  Mares ( e d s . ) ,  Munich: Fink, 219—234 .  

Dressler ,  W. ( 1 9 7 6 ) :  "Tendenzen in kontaminatorischen Fehlleistungen", 
Sprache 2 2 ,  1-10. 

Dressler,  W. ( 1 9 7 7 a ) :  Grundfragen der Morphonologie, Vienna: 
Osterreichische Akademie der Wissenschaften. 

Dressler, W. ( 1 9 7 7 b ) :  "Morphonological disturbances in aphasia", 
Wiener l inguistische Gazet te ,  14,  3-11. 

Dressler ,  W. ( 1 9 7 7 c ) :  "Morphologization o f  phonological p rocesses" ,  
in Linguistic Studies presented to J .  Greenberg, A .  Juilland 
( e d . ) ,  Saratoga: Anma Libri, 313 -337 .  

Dress ler ,  W. ( 1 9 7 7 d ) :  Rev. Skousen 1975 ,  Lingua 4 2 ,  223—225 .  

Dressler,  W. ( 1 9 7 8 ) :  "Phonologische Störungen bei der Aphasie", 
Badania lingwistiyczne nad a f a z j a ,  Warsaw: Ossolineum, 11-22. 

Dressler, W. ( to  appear): "External evidence for an abstract anal- 
ys is  o f  the German velar nasa l " ,  in Phonology in the 1 9 7 0 ' s  
D .  Goyvaerts ( e d . ) ,  Ghent: Story-Scientia. 

Ferguson, C h . A .  ( 1 9 7 8 ) :  "Phonological processes" ,  in Universals o f  
Human Language, J .  Greenberg ( e d . ) ,  Stanford Univ. Press ,  
4 0 3 - 4 4 2 .  

Fischer-Jorgensen, E .  ( 1 9 7 5 ) :  "Perspectives in Phonology", Annual 
Report o f  the Inst i tute o f  Phonetics, University o f  Cepen— 
hagen 9 ,  2 1 5 - 2 3 5 .  

Fromkin, V .  ( 1 9 7 3 ) :  ( e d . )  Speech errors as  linguistic evidence, 
The Hague: Mouton. 

Gussman, E .  ( 1 9 7 8 ) :  Explorations in abstract  phonology, Univ. o f  
Lublin. 

Hooper, J .  ( 1 9 7 6 ) :  An introduction to natural generative phonology, 
New York:  Academic Press.  

Hyman, L .  ( 1 9 7 7 ) :  "Phonologization", in Linguistic Studies pre- 
sented to J .  Greenberg I I ,  A .  Juilland ( e d . ) ,  Saratoga, 407—418.  

Kel ler ,  E .  ( 1 9 7 5 ) :  Vowel errors in aphasia, Univ. o f  Toronto. 

Kenstowicz, M. and Ch. Kisseberth ( 1 9 7 7 ) :  Topics in phonological 
theory, New York:  Academic Press.  

Kiparsky, P .  ( 1 9 7 3 ) :  "Phonological representations", in Three 
dimensions o f  l inguist ic theory, 0 .  Fujimura ( e d . ) ,  Tokyo: 
TEC, 1-136. 

Linell, P .  ( 1 9 7 4 ) :  “Problems o f  psychological reality in generative 
phonology", Reports from Uppsala University, Department o f  
Linguistics 4 .  

Linell, P .  ( 1 9 7 6 ) :  "Morphonology as part o f  morphology", Phonologica 
1976,  9 - 2 0 .  

Mayerthaler, W. ( to  appear): Morphologische Natürlichkeit, Ms. 
TU Berlin. 



100 SYMPOSIUM No. 2 

Ringen, J .  ( 1 9 7 5 ) :  "Linguistic f a c t s " ,  in Testing linguistic hypo- 
theses,  D .  Cohen and J .  Wirth ( e d s . ) ,  Washington: Hemisphere 
Public Corp . ,  1—42.  

Skousen, R .  ( 1 9 7 4 ) :  "An explanatory theory o f  morphology", Papers 
from the Parasession on Natural Phonology: CLS, 318—327 .  

Skousen, R .  ( 1 9 7 5 ) :  Substantive evidence in phonologX. The Hague: 
Mouton. 

Sommerstein, A .  ( 1 9 7 7 ) :  Modern phonologyv London: Arnold. 

Stampe, D .  ( 1 9 7 3 ) :  "On chapter n ine" ,  in Issues in phonological 
theory, Kenstowicz and Kisseberth ( e d s . ) ,  The Hague: Mouton, 
44—52.  

Stark, J .  ( 1 9 7 4 ) :  "Aphasiological evidence for the abstract analysn 
of  the German velar nasa l " ,  Wiener linguistische Gazette 7 ,  
21—37.  

Vanecek, E .  and W. Dressler ( 1 9 7 7 ) :  "Untersuchungen zur Sprech- 
sorgfalt als Aufmerksamkeitsindikator", Studia Psychologica 
19 ,  105—118. ( A  preliminary version in Wiener linguistische 
Gazette 9 ,  1 9 7 5 ) .  

Vennemann, Th. ( 1 9 7 0 ) :  "The German velar nasa l " ,  Phone t i ca_22 ,  
6 5 - 8 2 .  

Wodak, R .  and W. Dressler ( 1 9 7 8 ) :  "Phonological variation in collo- 
quial Viennese", Michigan Germanic Studies 4 ,  1, 3 0 - 6 6 .  

Zwicky, A.M.  ( 1 9 7 5 ) :  "The strategy o f  generative phonology", 
Phonologica 1972, Dressler and Mares ( e d s . ) ‚  151-168. 



101 

ABSTRACT PHONOLOGY AND PSYCHOLOGICAL REALITY 

Edmund Gussmann, Institute of  English, Maria Curie-Sklodowska 

University, Lublin, Poland 

For a number of  years now abstract phonological descriptions 

have come under attack from two di f ferent but o f ten  re lated quar— 

te rs .1  Fi rst ly ,  i t  has been claimed that even within the broad 

framework o f  standard generative phonology less abstract solutions 

are o f ten available; reinterpretations of  the data have been achieved 

by suggesting that certain putative phonological contrasts are in 

fact  morpho-lexical generalisations, i . e .  morphologically and 

lexically rather than phonologically conditioned. Re-analysis or 

change o f  underlying representations has also been o f fe red  as a 

viable alternative to manipulating abstract segments and opaque 

rules. Finally, various modifications in the rule component have 

been shown to lead to less drastic departures from phonetic repre- 

sentations than those called for by (relatively) abstract positions. 

The drive towards concreteness seems to have culminated in the r ise 

of so-called 'natural generative phonology' o f  Vennemann, Hooper 

and others although a whole range o f  more or less abstract views 

has continued to ex i s t ;  in fact  these radically concrete positions 

are coming under attack now even from those linguists who generally' 

favour concreteness in phonology ( c f .  Goyvaerts 1978 ,  125—133) .  

In any case ,  the type of  criticism o f  abstract solutions that is 

normally based on evidence internal to the structure of  the language 

cannot be meaningfully discussed without taking into account the 
grammar as a whole, and this is  obviously precluded here. I t  can 

be safely assumed that less abstract solutions will be acceptable 

even to  those linguists who favour abstractness in phonology i f  i t  

can be shown that abstract interpretations are not necessary, i . e .  

that either the required generalisations can be made without re— 
course to the abstract machinery or e lse that the generalisations 
are in fac t  wrong and must be replaced by others. I t  is perhaps 

worth stressing that in order to evaluate such arguments and counter- 

arguments one must consider not just individual pairs of rules but 
rather the phonology as a whole; there has been far too much specula- 

(1) The bibliography of  the subject is vast and would require 
several pages. In this report I have restricted myself to 

just a few items which are directly relevant to the discussion. 
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t ion based on scattered examples and even on inaccurate data. 

The other line of  attack on abstract positions has involved 

external evidence which has come to be known as substantive evi- 

dence. I t  has been claimed that the generalisations captured in 

abstract descriptions are not those that speakers o f  the language 

make, i . e .  that the abstract generalisations a re ,  in a nutshell, 

a figment o f  the l inguist 's  imagination devoid of any psychological 

real i ty.  This line s t resses  the need to go beyond the structural 

fac ts  o f  the language in search o f  support for true generalisations. 

Substantive evidence for such psychologically real  regularities 

has been sought in h istor ical  change, the treatment o f  borrowings, 

in language acquisition and language loss  (aphas ia ) ,  me t r i cs ,  dia— 

lectal variation, speech er rors ,  secret  languages as wel l  as  in 

direct phonological experiments (see Fischer-Jorgensen 1 9 7 5 ,  2 9 0 f f  

and Zwicky 1975 for good surveys) .  These are important findings 

which certainly cannot be overlooked by anybody seriously concerned 

with psychologically real phonology They must,however,be handled with 

extreme caution given the present understanding of  the ways in which 

language is  actually used since, as  was judiciously observed by 

Dressler (1977 ,  2 2 4 ) ,  " the more modalities o f  external evidence 

one uses ,  the more divergent and incoherent results one g e t s " .  

Let me consider jus t  a few cases .  

Polish has a general and typologically very natural rule o f  

devoicing obstruents word finally. In actual speech one often finds 

that the rule is suspended in certain cases ,  e . g .  in regularly used 

foreign words and names whether completely assimilated into the 

language or not - g£9[g] 'grog' rather than g£9[k], kg[d]_pocztowy 

'posta l  code'  ( i n  spite o f  the fact  that [ d ]  precedes a voiceless 

p l o s i v e l ) ,  possibly because the unvoicing would produce here the 

humorous kotgpocztowy 'posta l  c a t ' ;  in native words i t  i s  a lso 

suspended for a variety o f  reasons as in g§[b]  ' 2 4  h r s . ,  g e n . p l . ' ,  

where the unvoicing would produce a somewhat improper word. Surely 

no one would l ike to conclude from such examples that terminal un— 

voicing is not a psychologically real  rule in Polish. Generally 

speaking, foreign words exhibit specif ic properties, and most 

schools o f  phonology have ref lected this fac t  in one way or another 

( in  addition i t  seems that one should a lso  recognise varying de- 

grees o f  fore igness) .  The fac t  that some foreign or occasional 

native words (including, possibly, nonsense words) do not appear 
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to have undergone a rule cannot be taken as  direct evidence for 

the non—reality o f  the r u l e .  

Historical evidence, one o f  the most important sources o f  sub— 
stantive evidence, is  notoriously d i f f icu l t  to handle in that the 
paucity or lack o f  rel iable and unambiguous data i s  not the only 
factor hampering definite conclusions; any interpretation of  change 
for purposes o f  ver i fy ing general theoretical claims involves as- 
sumptions about the mechanisms o f  change which themselves are not 
well understood and i t  a lso involves assumptions about e . g .  the 
interface between the rules o f  morphology and those o f  phonology 
which is  likewise largely unexplored. In view o f  these problems 
it is not surprising that examples can be found in the literature 
purporting to j us t i f y  both abstract and concrete positions by use 
o f  such evidence. The metric evidence available from the works o f  
Kiparsky, Anderson and others seems to support the level o f  remote 
representations although, given the variety o f  theoretical machinery 
accessible to current linguistic thinking, alternatives could pre— 
sumably be found. 

Slips o f  the tongue have figured prominently as the window to 
psychologically real grammars, and Fromkin's (1971) seminal paper 
has stimulated a lo t  o f  interest in this a rea .  Some o f  her evidence 
has now become part o f  the stock-in-trade of  those arguing for 
abstract regularit ies a s ,  for example, the celebrated case for /ng/ 
as underlying the phonetic [ g ] .  I t  would be easy for somebody 
trying to defend abstract  phonology to claim that i f  /ng/ underlies 

[ n ]  in a psychologically real  sense, then speakers of  English must 
have a t  their disposal means o f  arriving a t  the abstract solution 
given the data internal to  the language. These means could then 
be generalised to cases where no external evidence can be adduced; 
this is the position adopted by Kenstowicz and Kisseberth (1977)  
who incidentally find that the case o f  the English velar nasal 
violates al l  o f  their constraints on the abstractness o f  underlying 
representations. Such evidence is  intriguing,but supporters o f  
concrete phonology could easily dispose o f  i t  by viewing the slips 
as resulting from the influence of spelling or something e lse .  
I would like to further emphasise, however, that important as  such 
evidence may be,  i t  i s  not obvious whether much use can be made of 
i t  until more is  known about the interaction o f  linguistic know- 
ledge and language use.  In our particular case we need some sort 
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o f  theory o f  speech e r ro rs  against which we could evaluate indi— 

vidual instances for their  l inguist ic s igni f icance since one f r e -  

quently observes not only s l ips o f  the tongue that can be  shown 

to  revea l  something about the underlying rea l i t y  o f  language but 

also instances o f  errors that appear to make "no sense" l inguistic- 
a l l y .  I t  i s  a l so  worth mentioning that d i f fe ren t  areas o f t e n  pro- 

vide contradictory evidence ( o f .  a lso D r e s s l e r ' s  remark quoted 

above ) .  The fol lowing might be a possible example: s l ips o f  the 

tongue adduced by Fromkin appear to  suggest that a f f r i c a t e s  should 

On the 

other hand, optional low phonetic ru les frequently simpli fy a f f r i -  

be  t reated as single segments phonetically in Engl ish.  

ca tes  to spirants in certa in contexts  so  that French and orange 

end in [ E ]  and [ E ] .  Th is ,  

change in the feature /cont /  but since one a lso f inds the deletion 

o f  course,  could be interpreted a s  a 

o f  alveolar p losives in such words a s  r e n t s ,  sounds, i t  seems more 

plausible to t reat  both these changes as  c a s e s  o f  deletion o f  the 

plosive between a nasal and a spirant.  This would require, how— 

ever ,  that a f f r i c a t e s  be c lus ters  a t  some stage in the derivat ion. 

The need for the study o f  the ways o f  ut i l ising linguistic 

knowledge in speech i s  further confirmed by some surprising resu l ts  

obtained from direct phonological and grammatical t e s t s .  Earl ier 

studies attempted to show that cer ta in ru les o f  the SPE phonology 
are not psychologically rea l  as  speakers f a i l  to  apply them to 

Haber ( 1 9 7 5 )  

to what might be expected speakers o f  English do very badly in tasks 

novel forms (nonsense w o r d s ) .  has shown that contrary 

intended to  t e s t  the productivity o f  the regular plural formation 
rule ( the  -(§)§ end ing) ,  i . e .  one that with good reason is  generally 

assumed to be ful ly productive. I t  does not  matter here whether 

the relevant mechanism i s  purely phonological, morphological or 

something e lse ( the rule i s  transparent and could be formulated in 
sur face t e r m s ) .  I f  t es ts  fa i l  to  confirm the psychological rea l i ty  

o f  this simple ru le ,  then most l inguists would agree,  I suppose, 

that there i s  something fundamentally wrong with the t e s t s  them— 

se lves ;  Kiparsky and Menn ( 1 9 7 7 ,  6 4 )  ascribe i t  to " a  "strangeness 

e f f e c t "  which causes the sub jec t s '  performance to deter iorate re -  

lative to their normal speech" and are also (66—67) "skept ical  

about the abil i ty o f  production tasks to  show much o f  anything, 
a t  present ,  about the form o f  internalized l inguistic knowledge, 

given the near—total  obscurity surrounding the question o f  whether 
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and how this knowledge i s  used in speech" .  

A s  fa r  a s  other areas o f  substantive evidence are concerned 

let me just  mention two points: f i rs t ly  evidence from an aphasio— 
logical study by Stark ( 1 9 7 4 )  strongly suggests that the German 

velar nasal  should be regarded a s  being derived from underlying 

/ng/,  
pretat ion o f  this problem v is—a-v is  the stand taken by natural 

and this thus strengthens the c a s e  f o r  an abst ract  in te r— 

generat ive phonologists.  Secondly, there i s  the case reported in 

K iparsky and Menn ( 1 9 7 7 ,  6 9 - 7 0 )  o f  an " invented language" which 

appears to exhibit two ru les ex t r ins ica l ly  ordered, which would 

indicate that the ordering o f  rules in i t se l f  cannot be d i f f i cu l t  

or impossible to learn  as  has been sometimes claimed. A s  Kiparsky 

and Menn point ou t ,  the charge that synchronic rule order mirrors 

diachronic developments cannot be made against speech invented by 

chi ldren. 

The above discussion has not been meant to  decry the import- 

ance o f  substantive evidence; conversely ,  in v iew o f  i t s  potential  

significance I think it  is  necessary to  s t ress that there is  much 
in i t  which i s  arguable and which i s  i t se l f  in need o f  explanat ion 

and so can  hardly be taken a s  def in i t ive evidence for  other theo- 

re t i ca l  concepts.  

One f ina l  point that I would l ike to make i s  that the theo— 

re t i ca l  apparatus o f  abst rac t  phonology i s  required to  account f o r  

uncontroversial ly re la ted ,  low phonetic deta i ls  o f  pronunciation 

(see  a lso  Kiparsky 1 9 7 5 ) .  Modi f icat ions,  permutations, delet ions 

and inser t ions o f  segments are well-known not only f rom abs t rac t  

der ivat ions but are  a lso exceedingly common in accounts o f  rapid 

speech phenomena; thus,there is  nothing basical ly  new about abs t rac t  

derivat ions that could not  be found c loser  to  the su r face .  Examples 

o f  the var ious mod i f i ca t ions  are wel l -known, and I would l ike t o  

present a couple o f  examples from Polish where al legro rules in- 

troduce segments and cont rasts  to ta l ly  absent from lento speech.2 

The phonetic inventory o f  Polish vowels contains s ix  bas ic  elements 

[ i t  U ] :  

Al legro forms introduce on the one hand a contrast  o f  length which 

+ ,  e ,  a ,  3 ,  thus being again fa i r ly  regular typological ly.  

_ _ _ _ — — — — — _ _ _ — — — — _ _ — — _ — — — — _ _ _ _ - - — — _ — — — — — — — — _ — — _ — — - _ _ — _ _ _ — — — — — — _ — — — _  

(2)  The examples are taken from Biedrzycki (1978) who interprets 
such data in terms o f  autonomous phonology and s e t s  up phonemic 

dist inct ions for  a l legro s ty les  which do not  appear in lento s t y l e s .  
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does not appear in slow speech, e . g . :  dala 'she gave' [ d e : ]  v s .  
QQ 'she will give‘ [ d a ] ,  stôl ' table '  [ s t u : ]  v s .  s tu ' o f  a hundred' 
[ s t u ]  corresponding to the lento forms [dawa - d a ]  and [ s t u w  _ s t u ] ,  

respectively, and also several segments which are not known else— 

where, e . g . :  in § p [ e : ]  czeñstwo ‘ soc ie ty '  g§ [a : ]m ' h i '  — lento 

§p[owe]czefistwo,  gg[owe]m; zaoomniEe:]m ' I  f o rgo t ' ,  EËEÂEæ=JË ' 1  

wanted' — lento zapomni[awe]m, ghgi[awe]m; g§ [o : ]  'one f e l t ' ,  
ok [o : ]  'one shod' — lento g§[uwo], gk[uwo].  The low level, optional 
rules which produce such forms are psychologically real and by pro- 

ducing new contrasts they seem to work l ike absolute neutralisation 

in reverse.  I f  we were to postulate length contrast phonologically 

for  Polish and then absolutely neutralise i t ,  the abstractness sin 

would be committed; speakers o f  the language, however, seem to find 

nothing unusual about neutralising cer ta in  contrasts and intro- 

ducing new ones when passing from lento to allegro s ty les .  The 

force o f  these examples should not be overstated but they seem to 

show that there is  nothing abnormal about rules merging and pro- 

ducing contrasts or about segments which appear a t  one level of re-  
presentation but not at another. 

The abstractness debate will no doubt continue both on lan- 
guage internal and external grounds. There remains much to  do in 
both areas so that any final verdict a t  this stage would be pre- 
mature. 

References 

Biedrzycki ,  L .  ( 1 9 7 8 ) :  Fonologia angielskich i polskich rezonantôw, 
Warszawa: Pañstwowe Wydawnictwo Naukowe. 

Dressler,  W.U.  ( 1 9 7 7 ) :  rev .  o f  Skousen, Substantive evidence in 
phonology: Lingua 4 2 ,  223—225.  

Fischer—Jorgensen, E .  ( 1 9 7 5 ) :  Trends in phonological theory, Copen- 
hagen: Akademisk Forlag. 

Fromkin, V . A .  (1971):  "The_non—anomalous nature o f  anomalous utter- 
ances", Lg. 4 7 ,  27-52 .  

Goyvaerts, D . L .  ( 1 9 7 8 ) :  Aspects o f  the post-SPEgphonology, Ghent: 
E .  Story—Scientia. 

Haber, L .R.  (1975) :  "The muzzy theory", in Papers from the llth 
Regional Meeting CLS, R . E .  Grossman e t  a l .  ( e d s . ) ,  2 4 0 - 2 5 6 ;  
Chicago: Chicago Linguistic Society.  

Kenstowicz, M. and Ch. Kisseberth ( 1 9 7 7 ) :  Topics in phonological theory, New York: Academic Press .  
Kiparsky, P.  (1975): "What are phonological theories about?"‚ in 

Testing linguistic hypotheses, D.Cohen and J.R. Wirth (eds.) ,  187—209, Washington, D .C . :  Hemisphere Publishing Corporation- 

GUSSMANN 107 

Kiparsky, P .  and L.  Menn ( 1 9 7 7 ) :  "On the acquisition o f  phonology", 
in Language, learning and thought, J.Macnamara ( e d . ) ,  47—78,  
New York:  Academic Press .  

Stark,  J.  ( 1 9 7 4 ) :  “Aphasiological evidence for  the abstract ana- lysis o f  the German velar nasal" ,  Wiener Ling. Gazette 7 ,  21-37. 
Zwicky, A .  (1975) :  "The strategy of  generative phonology", Phono- 

logica 7 2 .  

I
.

.
.

 
...... 

_
.

_
_

 
.

,
.

”
 

A
.

.
-

—
.

.
.

.
-

.
 

.
.

.
»

.
.

.
 

'
-

 
.

.
.

-
„

_
 

- 
_

_
 

g
m

x
-

:
.

.
“

 
-

,
-

,
-

 
. .

.
.

,
.

.
.

.
:

.
.

.
.

.
 

.
.

.
 

.
_

 
_

.
-

4
‚

-
 

‚
A

.
-

‚
 

:
.

 
. 

. 
u |

-
 

d
u

s
-

f
u

n
n

n
'

e
m

—
h

.
 .

.
.

 
«

.
:

.
.

 .
-

.
 

“w
m

a
-u

n
.;

- 
\! 



___, 
*

:
.

.
.

 
_ 

- 
‚

'
 

:
:

.
.

-
;

 

:..
 

108 SYMPOSIUM No. 2 

THE PROBLEM OF PSYCHOLOGICAL REALITY IN THE PHONOLOGY OF PAPAGO 

Kenneth Hale ;  M . I . T . ‚  Cambridge, Massachusetts, U . S . A .  

This paper amounts to  a c lar i f icat ion,  for  my own benefi t  more 

than anything e l s e ,  o f  a certain linguistic principle involved in 

the evaluation o f  grammars. The principle, termed recoverability, 

is due to Jonathan Kaye ( 1 9 7 5 ) ,  and my conclusion about i ts  nature 

and role in choosing among competing analyses is  strongly influenced 

by a recent paper o f  Morris Hal le 's  (1978 ) .  In examining the re- 

coverability principle, I draw a comparison between two cases o f  

alternative analyses — namely, the familiar problem o f  the Poly- 

nesian passive morphology, and a superficial ly similar problem in 

the phonology o f  Papago. In the course o f  the discussion, I will 

attempt to correct an error of  reasoning which I made in an earlier 

treatment o f  the Polynesian case (Hale, 1 9 7 3 ) .  

I begin with the Polynesian passive,  using Maori to  exemplify 

the classic situation. Some passives appear simply to involve 

straightforward suffixation of  a vowel / -a/  — e . g . ,  /patua/ beside 

active /patu/,  /kitea/ beside / k i te / ,  and so on. The major i ty ,  

however, show a consonant between the root and a vocalic termina- 

tion /- ia/  - e . g . ,  /awhitia/ beside /awhi/, /hopukia/ beside /hopu/, 

/werohia/ beside /wero/, /inumia/ beside / inu/, e t c .  The consonant 

in these passives cannot be predicted from the surface form o f  the 

uninflected, or act ive, verb. There are a t  least two ways to ana- 

lyze the consonantal passives. The 'phonological' analysis assigns 

the consonant to the stem, and the passive is  formed by suffixing 

/-ia/ thereto. In addition, there is a rule deleting word-final 

consonants, thereby accounting for the fac t  that uninflected verbs, 

like all words in Maori, end in vowels. Thus, underlying /inum/ 

appears as  [ i n u ]  i f  uninflected, but the deletion does not apply 

before the passive suf f ix ,  hence [ i n u m i a ] .  The 'mOrphological' 

analysis, by contrast,  assigns the consonant to the s u f f i x ,  thereby 

proliferating suffixal alternants ( /—t ia ,  -kia, -hia, —mia . . . / ) :  

and each verb is  assigned to a 'conjugation' according to the pas- 

sive allomorph it se lects .  The assignment o f  the f inal consonant 

to forms like /inum/ is historically correct ,  and the deletion of  

these consonants in word-final position is a fac t  o f  the linguistic 

tradition leading to Polynesian. Nevertheless, I have attempted 

to argue (Hale, 1973)  that the ahistorical morphological analysis 

is  correct synchronically. I f  so ,  then what linguistic principle 
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dictates i t?  What motivated the change from the (h istor ical )  pho- 

nological analysis to the (ahistor ical)  morphological analysis? 

I suggested that the motivating factor was the canonical disparity, 

present in the phonological analysis,  between the underlying morph- 

eme structure o f  lexical items (allowing final consonants) and the 

surface syllabic canon o f  Polynesian (forbidding f inal consonants) .  

The change to  the morphological analysis eliminated this dispari ty. 

Kaye has suggested another explanation. He defines a principle 

of  'phonological recoverab i l i ty ' :  "Recoverability concerns the de- 

gree o f  ambiguity mani fested by a given surface form. The fewer 

' the number o f  potential sources for the form, the greater i t s  re- 

coverability" (Kaye,  1 9 7 5 ,  2 4 4 - 4 5 ) .  Phonological recoverability 

is  valued in grammar, while 'phonological ambiguity' ,  i t s  converse, 

is devalued. Notice that the change in Polynesian completely elim— 

inates phonological ambiguity — under the morphological analysis,  

the underlying form o f  a verb root is entirely recoverable from 

i ts  surface form. 'Kaye  proposes that phonological recoverability 

is  the deciding fac tor  in the Polynesian case .  

This is  a very promising suggestion. However, there is some- 

what more texture to the problem which should be brought out in 

order to  characterize the linguistic nature o f  the recoverabil i ty 

principle. As  Halle (1978)  points out, the Polynesian change did 

not really eliminate ambiguity. Rather, it shi f ted the ambiguity 

entirely to the morphology. The relation between uninflected and 

. inflected forms remains ambiguous, since the derived form (the 

passive) is not predictable from the surface form o f  the active. 
Let us re fer  to this relat ion as 'morphological ambiguity' and to 

the converse relation as 'morphological recoverabi l i ty ' .  

While phonological recoverability i s  logical ly distinct from - 

morphological recoverabi l i ty,  it is not at a l l  clear that the two 

principles are linguistically distinct. At least ,  I know o f  no 

convincing case in which phonological recoverabil i ty can be said 

to function autonomously in the evaluation o f  grammars. I f  the 

Polynesian change had consisted solely in the restructuring ( i . e . ,  

in the realignment o f  the historic stem-final consonants onto the 

s u f f i x ) ,  it would be possible, in principle, to argue that the 

change was motivated by phonological, rather than morphological, 

recoverability — since the former, but not the latter, wou1d_have 
been achieved. But the f ac t s  are dif ferent. The bulk o f  the evi- 
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dence which I adduced in favor o f  the morphological analysis con— 

sisted in observations to the e f f ec t  that the conjugation system, 

assumed to have arisen through the restructuring o f  passive forms, 

was being regularized — a process which is  complete in some Poly— 

nesian languages ( e . g . ,  Hawaiian, Tahitian) and merely wel l  ad- 

vanced in others ( e . g . ,  Maori, Samoan). I reasoned incorrectly 

that regularization implied restructuring. Surely regularization 

- i . e . ,  the reduction o f  morphological ambiguity - could take place 

without restructuring. The evidence, therefore, does not directly 

support restructuring. Rather, it  supports the view that recover- 

ability is  a genuine principle in the evaluation o f  grammars — 

assuming, as  i s  reasonable, that change toward greater recover- 

ability is in fac t  progressive. We cannot, on the basis o f  this 

evidence, at least ,  isolate phonological recoverabil i ty as lin- 

guistically distinct from morphological recoverability. 

What, then, is  l e f t  o f  the argument that the morphological 

analysis i s  correct  in the case o f  the Polynesian passive? Before  

attempting to  answer this question, let me introduce the Papago 

case (simplif ied in nonessential ways for  the sake o f  space ) .  

The points o f  interest can be i l lustrated by the third person 

singular possessed forms. These involve mere suf f ixat ion o f  [ - j ]  

to roots whose surface forms end in vowels - e . g . ,  [ m o ’ o j ]  from 

[ m o ’ o ] ,  [ b a h i j ]  from [ b a h i ] ,  [ g o o k i j ]  from [ g o o k i ] .  But when the 

root ends in a consonant in surface form, the su f f i x  brings a vowel 

into view — e . g . ,  [ ñ i m a j ]  from [ h i m ] ,  [ h i k a j ]  from [ h i k ] ,  [ t o o n a j ]  

from [ t o o n ] ,  [ c ï ñ î j ]  from [ c î ñ ] ,  [ h u u c i j ]  from [ h u u c ] ,  e tc .  Rele- 

vant historical events in the Piman tradit ion leading to Papago 

are the introduction of  a palatalization ru le ,  raising *Vt,  d ,  n/ 

to [ c ,  j ,  ñ ]  before high vowels, and the development o f  processes 

effect ing the reduction or deletion o f  unstressed short vowels in 

certain environments — e . g . ,  word-finally. Final short back vowels 

were deleted following any true consonant ( i . e . ,  nonlaryngeal) ,  

and final short * i  was deleted following coronals. While there is 
evidence that deletion was chronologically prior to palatalization. 

modern forms show the more natural nonbleeding order to have de- 

veloped at some stage ( e . g . ,  [ h u u ñ ]  from * h u u n u ) .  Since any Of  

flmafive vowels o f  Piman (*Vi,  i ,  u ,  o ,  a / )  could occur f inally, 

deletion gave r ise to  ambiguity. This ambiguity i s  s t i l l  present' 

in the closely related Pima o f  Onavas ( i n  Sonora) ,  where deletion 

_ _ _ — f  
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(but not palatalization) also exists — thus, for example, in Önavas 
Pima, [ h i k ]  ( f rom *hiku) has the third singular possessed form 

[ h i k u d ] ,  while [ n a a k ]  ( f rom *naaka) has [ n a a k a d ] .  In Papago, how— 

ever ,  the ambiguity has been entirely eliminated ( i n  nouns, a t  

least )  through vocal ic mergers.  The deleting vowels merged a s  

fo l lows:  (1) high vowels merged to / i /  following coronals; ( 2 )  back 

vowels not e f fec ted  by (1)  above merged to  / a / .  These mergers re— 

sult in the circumstance that the vowel appearing in the suff ixed 

form is recoverable from the quality o f  the surface f inal consonant 

in the uninflected base - i f  the consonant is  a high coronal, the 

vowel i s  [ i ] ;  o therwise,  the vowel i s  [ a ] .  Thus, [ h i k ]  and [ n a a k ] ,  

ambiguous in Önavas Pima, are recoverable in Papago. 

Clearly, the elimination of ambiguity here is independent of  
any reanalysis o f  in f lected forms which would associate the vowel 

with the su f f i x ,  rather than the stem, in forms like [ h i k a j ]  and 

[ h u u c i j ]  — the vocalic mergers in no way imply such a restructur- 

ing. I t  i s  entirely consistent with the fac t s  t o  assume that 

modern Papago simply continues synchronically the histor ic deletion 

and palatalization rules ( in  nonbleeding order) and that the only 

restructuring consists in the vocalic mergers. While a restruc- 

turing to the morphological analysis would have achieved instanta- 

neous phonological recoverabil ity ( in  this area o f  Papago phonology, 

at l e a s t ) ,  there is  no evidence suggesting that the change actually 

happened. Morphological ambiguity is  the same under either ana— 

lys is - namely, zero ambiguity. 

Now let  us consider the Polynesian and Papago cases together. 

What arguments can be constructed to  choose an analysis in each 

instance? I think that the outcome will d i f fe r  in the two cases ,  

and, moreover, that the issue wil l  turn on ' in ternal '  arguments 

( o f .  Kenstowicz,  1978)  o f  a rather traditional so r t .  

I wi l l  assume, since I have no evidence to the contrary, that 

phonological recoverability i s  not distinct from morphological re- 

coverability. Instead, there is  a unitary principle o f  (morpho— 

phonological) recoverabil i ty according to which the value o f  a 

grammar increases as the amount o f  ambiguity ( in relating base 
and derived forms) decreases.  

In the Polynesian case ,  the phonological and morphological 
analyses are equal in terms of recoverability. This equality might 

be formalized, for example, by designing an evaluation metric 
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according to which the diacritic use of a phonological segment has 

the same cost as does an allomorph whose distribution is not pre- 

dictable from surface phonology. Clearly, then, recoverabil ity 

cannot be used to decide the issue here. From this fresh starting 
point, we see that there i s  no additional cost  whatsoever associ— 

ated with the morphological analysis. But there i s  an additional 

cost  associated with the phonological analysis - namely, the de— 

letion rule and, assuming it to  be an extra cos t ,  the canonical 

disparity between underlying morpheme structure and the Polynesian 

syllabic canon. Given these considerations, i t  seems to me that 

the rational choice here is the morphological analysis. 

In the Papago case,  likewise, recoverability fa i ls  to  decide 

the issue. Here,  however, there is nothing to recommend the morpho- 

logical analysis.  I ts  choice would not eliminate the necessity 

for the deletion and palatalization ru les,  since these are inde— 

pendently motivated - the morphological process o f  perfect ive 

truncation, among other processes, exposes medial vowels to  the 

e f fec t  o f  the deletion rule, and a well motivated prevocalic vowel 

deletion rule exposes coronals to the palatalizing e f fec t  o f  suf- 

fix-initial / i / .  Moreover, under the morphological analysis, we 

must distinguish at least two types of  su f f ixes - one having a 

single alternant, continuing original Piman vowel-initial ( e . g . ,  

the causative-benefactive formative [ - i d ] ,  f r om ‘ *—ida ) ,  and an- 

other, continuing original consonant-initials and exhibiting syn- 

chronically three underlying forms distributed in accordance with 
an allomorphy rule ( e . g . ,  the modern forms deriving from Piman 

* -d¥ ,  [ — j ]  after vowels, [ — i j ]  after high coronals, [ - a j ]  else- 
where) .  This second type o f  suf f ix ,  and the allomorphy rule as- 

sociated with i t ,  are entirely a product o f  the morphological ana- 

lysis. There is no comparable cost associated with the phonological 

analysis. I t  does not, as it would in the Polynesian case,  involve 

a canonical disparity, since underlying morpheme structure in the 
phonological analysis o f  Papago simply corresponds to the least 
marked o f  the rich variety of  syllabic patterns admitted by the 
Papago canon. All things considered, the phonological solution 
here costs no more than what is necessary in a descriptive adequate 
account - i t  i s ,  therefore, the rational choice in this instance. 

I conclude from this discussion that recoverability is  a gen- 
uine principle in the evaluation of  grammars. Properly construed: 

_ _ | — _ :  

HALE 113 

however, i t  enters into linguistic argumentation in much the same 

way as  do traditional cost—accounting arguments which evaluate com- 

peting analyses in terms o f  relat ive parsimony. I f  this is  correct ,  

then i t  i s  not surprising that recoverability may fa i l  to  decide 

between alternative solutions — the alternatives may,  a s  in the 

two cases examined here ,  be equal in terms of  recoverability. 

Beyond recoverabi l i ty,  there are other principles which are rel-  

evant to the evaluation o f  grammars, including parsimony. I very 

much doubt that any o f  these principles can be said to  carry greater 

psychological weight than others,  i . e . ,  to be more ' r e a l '  psycho— 

logically. Our task  a s  students o f  language, it seems to me, is 

to determine which principles are just i f iable l inguist ical ly - 

those principles wi l l  a lso be just i f iable psychologically, given 

the subject  matter o f  l inguistic science. Of course, i t  is legit— 

imate in making this determination to use evidence o f  al l  sor ts,  

and some may prove to  be more helpful than others. 
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PSYCHOLOGICAL REALITY AND THE CONCEPT OF PHONOLOGICAL RULE 

Per Linell, Dept. o f  Linguistics, Univ. o f  Uppsala, Sweden 

1. Phonology is  concerned with the sound patterns o f  various 

languages. In each language we use d i f fe ren t  sounds according to  

di f ferent rules,  and the task o f  phonology i s  to  define these rules. 

Thus, phonology i s  language-specific phonetics. 

2 .  However, the usual phonological pract ice of most contem- 

porary scholars in the field does not f i t  this description exactly. 

For example, in orthodox generative phonology many " low- level"  lan- 

guage—specific phonetic regularities are not seriously considered, 

while many regulari t ies which should actually belong to either lex- 

icon or morphology are erroneously treated within phonology. 

Though phonology should be concerned with speech and though 

speech i s  behavior, l inguists have not studied i t  as  behavior. 

Rather (some aspects o f )  the products of  behavior have been studied 

in abst racto,  i . e .  idealized phonetic str ings (words) and their 

interrelations have been analyzed without regard to how they are 

actually processed in speech production and perception and acquired 

by children, e t c .  Normally, the analysis i s  a lso crucial ly depend- 

ent on some kind o f  graphic representation. On this bas is ,  the 

phonologist se ts  up a model of representations and rules which ex- 

press connections between various idealized linguistic expressions 

and between prOperties o f  such expressions a t  various levels. 

3 .  The problem o f  psychological real i ty in phonology concerns 

the relations between the representations and rules o f  the phono- 

logical model and the speaker-hearer's ways o f  storing and pro— 

cessing information about the structures o f  strings o f  phonetic 

behavior (their construction, pronunciation, recognition) and their 

interrelations. 

4 .  The claims for psychological reality can be quite different 
in scope and content, ranging from those who assume an almost iso- 

morphic relation between representations and rules in the phono- 
logical model and actually stored information and actual processes 

in speech performance, to those who see the relations as extremely 
indirect (the claims being therefore empirically empty). As for 
syntax, Fodor e t  al. (1974) are inclined to conclude that only the 
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(analysis of the) output o f  a standard GTG is  psychologically 

val id.  No doubt the same is  true o f  an orthodox generative—phono- 

logical (OGPh) model (where, in pract ice,  outputs are c lassical  

phonemic representa t ions l ) .  Underlying systems and derivations 

have no psychological rea l i t y  or can be psychologically relevant 

only very indirectly. 

5 .  Enti t ies which are  claimed to be pscyhologically valid 

should have plausible interpretations within (or a t  least be com- 

patible with) a theory o f  meaningful linguistic behavior (speech) .  

I f  we concentrate on phonology, i . e .  on the phonetic aspects 

(aspects having to do with sound structure i t s e l f ) ,  what are the 

main problems that such a theory should be capable o f  solving? 

Perhaps the following should be mentioned: 

5 a )  How can we explain the fac t  that, although manifestations 

vary,  there are many features that recur in the various mani- 

festations of  what speakers ( o f  the same dialect) recognize 

as the same word form? I would propose that there is  one 

common phonetic plan that defines the linguistic (phonological) 

identity o f  the word, a plan which speci f ies the linguistical- 

ly relevant properties that speakers aim a t  realizing and 

which l isteners tend to reinterpret into what they hear .  

(This i s ,  I bel ieve, the proper interpretation o f  the con- 

cept of  "phonological f o rm“ . )  

5 b)  How is  it possible to construct phonetic plans for new forms 
that do not already ex is t  as memory-stored forms? I assume 

that speakers may perform morphological operations which use 

memory-stored information to produce new phonetic plans a s  

outputs. (These operations are naturally subordinated to 

the major (semantic, syntact ic) intentions o f  the speaker 's  

utterance cons t ruc t ion . )  

5 c )  What i s  the nature o f  the memoryrstored information used by 

morphological and syntactic operations? 

5 d) How can we explain the language-specific variat ion in the 

possibilit ies o f  actually pronouncing and perceiving utter- 

ances, i . e .  in the execution o f  utterance plans? ( I  assume 

that the phonetic aspects o f  an utterance plan would include 

at  least the phonetic plans o f  the constituent words and a 
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prosodic plan o f  the u t t e rance ) .  To explain a l l  the lan- 

guage—speci f ic deta i ls  o f  a part icular ut terance token,  we 

would have to assume the ex is tence o f  a fu l l y  spec i f i ed  a r t i c -  

culatory plan that accounts for a l l  the features that cannot 
be automatically ascribed to inherent proper t ies  o f  the speech 

apparatus. (Thus,  note that the terms "phonetic plan" and 

" f u l l y  speci f ied ar t icu latory plan" are  not synonymous.) 

6 .  I have argued elsewhere ( e . g .  Linell 1 9 7 9 )  that under— 

lying morpheme—invariant forms and OGPh type der ivat ions cannot be 

f ru i t fu l ly  incorporated into a plausible theory o f  meaningful pho- 

ne t ic  behavior .  I n s t e a d ,  there i s  some ev idence t h a t  

6 a )  phonetic plans ( c f .  5 a )  may be character izable in terms o f  

phonemic forms (general  conditions on such forms may be s ta ted  

in terms o f  "phonotactic r u l e s " ) .  

6 b )  some such phonetic plans are  stored a s  lex ica l  forms ( s t e m s ,  

base forms,and some phrases) ( c f .  5 b ) .  

6 c )  morphological operations take such memory-stored forms a s  

inputs and produce new phonetic plans a s  outputs. I f  mor— 

phological operations a re  analyt ical ly  spl i t  up in to com— 

ponents,  the components may correspond to morphophonological 

ru les proper,  and the whole operation w i l l  have a certa in 

similarity to the abstract  par t  o f  an OGPh der ivat ion ( e x -  

cept that the inputs are concrete phonetic forms rather than 

morphOphonemic forms) ( c f .  (1)  b e l o w ) .  

6 d )  the language-specific variat ions in normal, care fu l  speech 

v s .  sharpened ( fo rma l ,  express ive)  speech and informal,  casual  

( " f a s t " ,  reduced) speech can be character ized in terms o f  

phonological ru les proper. Thus, fu l ly  spec i f ied ar t icu latory 

plans may be derivable from the word-form-invariant phonetic 

plans ( c f .  5 d ) .  

7 .  In this paper I wi l l  d iscuss the proper interpretat ion o f  

terms like ru le ,  condit ion, operat ion, and process in phonology 

within a theory o f  the kind envisioned in § 5 .  
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O f ten ,  the discussion o f  the psychological real i ty  o f  phono- 

logical  rules i s  confused by the f a c t  that severa l  quite d i f fe ren t  

concepts seem to be  mixed up in most t reatments.  

a )  One i s  the (normal) interpretat ion o f  rule in the social  

sc iences,  i . e .  as  norm (or  sometimes merely regulari ty) o f  

behavior. 

b )  Another one i s  the notion o f  mathematical ru le ,  a mapping (o r  

an instruct ion for the mapping) o f  one formally defined str ing 

o f  symbols onto another one. 

c )  Since ru les o f  type (b )  are o f ten  described ( ta lked about) as  

p rocesses ,  i . e .  changes o f  something into something e l s e ,  i t  

i s  sometimes tempting to interpret rules a s  performance pro- 

c e s s e s  . 

The si tuation i s  further complicated in that emprically quite 

d i f fe ren t  sor ts  o f  regular i t ies have o f ten  been regarded simply 

a s  "phonological r u l e s " .  Thus, the putative similarit ies between 

morphophonological rules within a morphological operation like 

(1) and the " f a s t  speech" rules relating d i f ferent  pronunciations 

o f  one and the same expression a s  in ( 2 )  a re  only superf icial  (and 

f o rma l ) .  

(1 )  formation o f  noun from nonsense ad jec t ive  according to  the 

obscene-obscenity pat tern:  

Operand: / r iäs /  

Morpholexical ru le :  / r i § s + L t L /  

Tr isy l labic laxing: / r i S L t L /  

Vowel sh i f t :  / r e S L t L /  

(2) ( f rom Donegan and Stampe, 1978) /plæntLt/ plant i t  

Regressive nasal izat ion:  p Iä tL t  

Flapping: p I ä r L t  

Progressive nasal izat ion:  pIäEît  

8 .  The bas ic  concept o f  ru le should be ( 7  a ) .  Speech i s  a 

stream o f  phonetic behavior or phonetic events ( that  produce cer-  
tain e f f e c t s ) .  What distinguishes speech from "mere vocalizations" 
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is  the fac t  that the behavior must fu l f i l  cer ta in conditions o f  

syntactic and phonological nature (and both speakers and listeners 

"know" t h i s ) .  In our model rules speci fy  these condit ions. Al— 

though behavior and act ions are inherently processual ,  they can be 

looked upon either from the point o f  view o f  the processes them- 

selves or as  behavioral products. The lat ter is  especially moti- 

vated a s  regards actions which are intended to produce certain 

e f f e c t s .  Thus, the act o f  pronouncing plant i t  in a certain,  casual 

way [pTâÈÎ t ]  may be analyzed as follows: The speaker must construct 

a certain phonetic plan that corresponds to his communicative in- 

tentions, i . e .  plant i t  rather than, e . g . ,  plan i t .  This con— 

struction is  thus subject to certain rules or conditions, which may 

be construed either as conditions on the behavioral operation (con— 

struction process) or on i t s  e f f e c t  ( the resulting phonetic p l a n ) .  

The plan is  then executed (real ised, pronounced) in a certain way 

( [ pTÆËÎ t ]  rather than [ p l æ n t æ t ] ) ;  the specifics of  this pronuncia- 

tion may be characterized as conditions on ( ru les for )  either the 

pronunciation as a process or the pronunciation ( o r ,  rather, the 

fully specif ied art iculatory plan) as product. 

9 .  Note that rules concern properties o f  the intended be— 

havioral products ("sur face forms") (not some mystical morpheme- 

invar iants) .  What these properties are must largely be determined 

by linguistic analysis. Thus, we cannot dispose o f  the tradition- 

ally linguistic (structural) analysis o f  language products ( § 2 ) ,  

although I would argue that (provided we are interested in psycho- 

logical real i ty) this analysis must concern the products in rela- 

tion to what we know about their production, perception, and 

acguisit ion (which means that observations o f  actual performance 

under normal and experimental conditions, sl ips o f  the tongue and 

the ear ,  child language, e t c . ,  will be o f  vital importance). 

10. Obviously, rules as generative systems (in e.g.  the OGPh 
fashion) need not have anything to do with conditions on actual 

(or potential) behavior. Indeed, the idea that behavior could be 

governed by generative systems seems very naive; (The various 

figures o f  figure-skating could no doubt be specif ied by a genera- 

tive theory o f  f igures, but who believes that the s k a t e r ' s  behavior 

is produced by means of  processes corresponding to  such generative 

rules?) Thus rules are not ac ts  or processes,  but conditions_gg 

behavioral ac ts  or on their products. 

LINELL 119 

l l .  Behavior can be talked about at  several levels o f  abstrac- 

tion. When we talk about the morphological operations of  construct- 

ing e . g .  / r e S L t L /  from / r f } s /  ( c f .  ( 1 ) )  or / f o k 5 t z /  from / f o k s /  

(p lura l izat ion) ,  we are not necessari ly modelling the actual be- 

havioral process.  The only thing we can say i s  that there is evi- 

dence that speakers can (sometimes) form "cor rec t "  i t  -nouns from 

nonsense ad ject ives,  that they can form plurals o f  English nouns, 

and that the respect ive operations are subject to  certa in lin- 

guistically defined conditions. That i s ,  we can assume that speak- 

ers actually carry out morphological operations and other lin- 

guistic actions (and our models specify the l inguistic content o f  

the act ions) ,  but we cannot speculate on £93 these operations are 
neuro-physiologically implemented. Operations and actual processes 

lie at  two d i f ferent  levels o f  description and must not be identi- 

f ied. Operations are defined by their intended e f f e c t s ,  and i t  is 

conceivable that there are  many ways for the neural mechanisms to 

achieve the goals. 

I t  follows that rules must not be equated with behavioral 

processes.  Not even in casual speech phonology are we entitled to 

conclude that rules correspond to processes.  A f te r  a l l ,  conven- 

tional phonological ru les s ta te  nothing but regular correspondences 

between idealized representations o f  the same or related pronuncia- 

tions. (Note that I am not using ' ru le '  and 'process '  in the way 
they are used in Stampean "natural phonology".) 

12. I started by defining phonology as language-specific 
phonetics, and later I characterized rules as norms. However, this 
means that the phonology o f  a specif ic language would not describe 
or explain all the detai ls o f  actual pronunciations in that lan- 
guage, since not al l  f a c t s  are conventional; some fol low from bio— 

logically determined limitations. (In casual speech phonology, 
most regularities are language-specific variants o f  otherwise uni- 
versal phonetic tendencies.) This is  a reasonable definition of 
phonology, since i t  confines phonology to those features that must 
be learnt. However, we could alternatively generalize ' r u l es '  to 
cover all regularities, whether conventional or biologically de- 
termined. Such a conception seems to be accepted in Stampean 
phonology. Thus, e . g . ,  chi ldren's incompetence rules ( i . e .  Stampe's 
inherited processes) are clearly not social conventions. But even 
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such rules remain correspondence formulas; the actual phonetic 

processes are probably more o f  general continuous adjustments 

along sca les .  

13. The analysis o f  concepts like "psychological reality", 
"rule" versus "process" and "operation“, e tc .  is necessary if the 
relation of phonology to phonetics is to be properly understood. 
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EMPIRICAL INTERPRETATIONS OF PSYCHOLOGICAL REALITY 

Royal Skousen, University of Texas ,  Austin, Texas,  USA ; 

In this paper I wil l discuss three requirements for a theory 

o f  language. These requirements are (1) inducibility, ( 2 )  generality, 

and ( 3 )  testability. 

The f i rst  requirement, that o f  inducibility, is  that linguistic { -  
descriptions must be directly derivable from the data that speakers 

are actually confronted with in learning the language. A linguistic 

description thus implies ( l )  a description o f  the relevant data and 

( 2 )  a set  o f  rules by which the linguistic description is derivable 

from the data. We re fer  to this set  of  rules as the rules o f  induc- 

t ion. _ 

In order to understand this requirement o f  inducibility, let  us 

consider some common violations of  this requirement. For example, 

the order and frequency with which the data is  presented to the 

speaker may be significant in determining the proper description o f  

the data or in explaining how the-language may change over time, so 

that i f  such information is  ignored, the subsequent description may 

be untestable. Consider, for instance, Chomsky and Ha l l e ' s  statement 

in The Sound Pattern o f  English (p .  3 3 2 )  that " i t  i s  no doubt the 

case that the linguistic forms that jus t i fy  our postulation o f  the 

Vowel Shift  Rule in contemporary English are, in general, available _ É 

to the child [ ? ]  only at a fairly late stage in his language acqui- 

sition, since in large measure these belong to a more learned stra- 4 

tum o f  vocabulary." O f  course, there is no way that Chomsky and 
Ha l l e ' s  description i tsel f  can be empirically tested,  since their 

description is based on data that, as  they themselves admit, i s  un— 
representative of  the data that children are confronted with in 
learning English. Children learn to speak long before  they learn 
words as infrequent as profanity, comparative, gratitude, serenity, 

gppellative, plenitude, divinity, derivative, conciliate, and so 
forth (ggg, p. 50 ) .  

Another common violation of  inducibility occurs when a non— 
existent ordering is  imposed on the data. A common method o f  expli- 
cating linguistic data is to f i r s t  o f f e r  that data whiCh provides 
direct evidence for some rule and then treat the exceptions to the 
rule afterwards — by adding additional rules perhaps, but without 
changing the original rule. Consider, for instance, Chomsky and 
Ha l le ' s  treatment o f  Kasem singular and plural forms in ggg (pp. 
358 -364 ) .  They f i rst  give us "regular" forms like bakada and bakadi 
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(singular and plural for ' boy ' )  as evidence that the singular end- 

ing is a and the plural ending i s  i. Then they give us the surface 

exceptions to this "regularity" ( e . g .  kambia/kambi 'cooking p o t ' ,  

P_i_a/P_i 'yam' ,  Lug/91; ' r iver ' ,  d_i_g_a/g_i ' room',  lag/lg 'song' ,  
EËHË/EË ' l e g ' ,  Elfi/EE 'sheep ' ,  and so o n ) .  Chomsky and Halle try to 

explain these forms without abandoning their original "regularity", 

but their explanation depends crucially upon the order o f  presenta_ 

tion of these "irregular" forms. For instance, they f i r s t  argue that 

a plural form like kambi can be considered "regular" (that is ,  as 

/kambi+i/) i f  there is  a phonological rule o f  truncation that will 

reduce i i  to i .  Having thus established that the "regular“ endings 

are a and i and that there is a rule of  vowel truncation, then a 

singular form like pig 'sheep' can be interpreted a s  /pia+a/: 

"Since the grammar already [ ! ]  contains the Vowel Truncation Rule, 

[ p i a ]  can also be derived from an underlying [ p i a a ] . "  From an acqui- 

sitional point of  view, Chomsky and Halle a re  assuming that the 

speaker takes care o f  the "regular“ cases f i r s t  and then the " i r-  

regular" case kambi before tackling the "irregular" case Eli 'sheep 

( s g . ) '  (which, incidentally, is  "regular" on the su r face ) .  Finally, 

Chomsky and Halle posit a rule o f  metathesis for Kasem, again as- 

suming that al l  rules previously posited wi l l  be maintained. The 

rules which Chomsky and Halle present depend upon their art i f ic ial  

ordering o f  the data.  But the data is  not ordered in this way for 

the child learning Kasem, nor does the child know in advance which 

o f  these forms are “regular" and which ones are "irregular" or "ex- 

ceptional". I f  such a characterization o f  these forms is  correct ,  

then the child must discover it from random data. 
Another violation i s  to  ignore some o f  the data,  especially 

those forms which the linguist knows are " incorrect" :  slips o f  the 

tongue, fa lse s tar ts ,  analogical creation, stuttering, dialectal 

variants, and so on. Yet  the child does not know in advance which 

of  the forms in the data are errors. I f  a child hears another child 

using the form 3229 for the past tense o f  gg, we do not delete this 

from the child's data. We keep it  in the data, but try to explain 
why the child will eventually identify 392g as an incorrect past 

tense form. Nor should we even delete examples o f  stuttering from 

the data, since speakers can learn to imitate stuttering. Speakers 

also learn how to show that they have made a fa lse s ta r t .  For in- 

stance, speakers of  English may use 3h (but not / i / )  to indicate 
a false s ta r t .  Nor do speakers ignore dialectal variants - they 

learn them, even though they may not use them. 
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Finally, linguistic descriptions cannot be based on non-existent 

data. Although speakers can learn that certain items do not occur 

in the data, this knowledge cannot be derived from knowing in ad— 

vance that these items do not occur.  The determination, for example, 

o f  syntact ic descriptions cannot depend upon knowing which non-oc— 

curring sentences are ungrammatical and which ones are grammatical. 

The second requirement i s  that o f  generality: The rules o f  

induction are independent o f  any given set o f  linguistic data and 

independent o f  any given regularity found in linguistic behavior. 

In other words, the rules o f  induction are universal and not taxon- 

omic or adwhoc. Only in this way can the explanatory goal of  lin- 

guistic theory be achieved. 

An excellent example o f  a universal rule o f  induction is found 

in Jakobson's Child Language, Aphasia, and Phonological Universals 

in which Jakobson proposes that "the sequence o f  s tages o f  phonemic 

systems" found in such diverse areas a s  aphasia and the acquisition 

of  languages "obeys the principle o f  maximal contrast and proceeds 

from the simple and undifferentiated t o  the st rat i f ied and d i f fe r -  

entiated" (p .  6 8 ) .  O f  course, there are problems with some o f  Jakob- 

s o n ' s  specific claims about language acquisition, aphasia, and the 

phonemic systems o f  the languages o f  the world. Nonetheless, the 

_signi f icant contribution that Jakobson makes is that he preposes a 
conceptually simple and universal principle in order to  explain a 

diversity o f  linguistic behavior. 

In accordance with Jakobson's general principle, let  us con- 

sider a principle o f  maximizing acoustic dif ferences and see how 

i t  might explain the instability o f  certain sounds in the languages 

of  the world. Take, for example, the case o f  the phoneme fi .  In com- 

parison to the phonemes i and u, g is unstable and relatively in- 
frequent. Children trying to  learn a language that has the phoneme 

Ë generally replace it with i or g. Historically, languages with g 
frequently lose it in favor o f  either i or g. In the languages of  
the world we find phonemic systems with i—g and È'Ë“Hv but i—Ë is 
relatively rare, and Ë—g, as far as I am aware, is non—existent. 
And when i—fi does occur, i t  is unstable and is usually replaced his- 
torically by the more stable phonemic systems i—g and È'Ë'E' 
Finally, when an adult speaker o f  an ü—less language attempts to 
pronounce ä, i t  wil l be pronounced as i ,  E! or perhaps the diph- 

thongal ig. Now Chomsky and Halle "account fo r "  this linguistic 

behavior by means o f  a taxonomic marking convention which simply 
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recapitulates the linguistic behavior formalistically (SPE, p .  4 0 5 ) :  

[ u round] + [ a  round] [aback] 
-low 

But a principle of  maximizing acoustic d i f ferences could be used to 
explain this behavior. The motivation for this principle is  that 
small acoustic d i f ferences are d i f f icul t  to perceive and produce, 
thus shi f ts  wi l l  occur in the direction o f  increasing acoustic d i f -  
ferences. I f  we consider the f i rs t  three'formants o f  the vowels i, 
g, and g, the maximal distinction occurs between i and E and thus 
the intermediate E may be replaced by the phonetically similar i 
or u. _ 

The important point in using a general principle such as this 
one is that i t  can account for the linguistic behavior o f  other 
sounds besides fi. For instance, the interdental fricatives & and â 
are also unstable and infrequent and tend to be replaced by pho- 

netically similar sounds such as the dental fricatives g and Er the 
_ labiodental fricatives £ and y ,  or the dental stops E and g. 0n the 

other hand, Chomsky and Ha l l e ' s  approach leads them to postulate a 
completely di f ferent marking convention in order to handle the in— 
stability o f  the interdental fricatives (gag, p .  4 0 7 ) :  

adel re l  
[ z c s t r i d ]  + [astr id]  {[+antJ} 

[ + c o r ]  

Such taxonomic rules do not explain anything; they merely formalize 
observed regularties. The observation of  regularities i s ,  o f  course, 
cr i t ical  to the construction o f  a theory, but observed regularities 
do not make theories. Instead, regularities demand explanation in 
terms of  general principles. 

The third requirement for a theory o f  language is  that i t  must 
be testable: A theory must have an empirical interpretation. Let us 
assume that we have some linguistic data for a particular language 
and that we apply certain rules o f  induction to the data and derive 
a description o f  the data. The question o f  utmost importance i s :  
How can we discover i f  the proposed rules of  induction are correct? 
In other words, how can we determine i f  the linguistic description 
really represents what the speaker has learned? It is not enough to 
simply declare that the description is psychologically rea l .  The 
linguistic data is available for observation, but we cannot observe 
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the rules o f  induction that speakers are using to learn the lan- 

guage nor can we observe the derived linguistic descriptions. But 

we can observe subsequent linguistic behavior. So in order to test 

the rules o f  induction and the derived linguistic description, we 

need a mapping between the linguistic description and linguistic 

behavior. This mapping is  the empirical interpretation. A theory 

is  tested by i t s  ability to predict the nature o f  linguistic be— 

havior. Thus a theory i s  composed o f  two parts:  ( l )  the rules o f  

induction and ( 2 )  the empirical interpretation o f  descriptions. 

A theory without an empirical interpretation is  not real ly a theory 

because i t  is not testable.  Most so-called “theories" o f  language 

are actually rules of  induction - that i s ,  systematical methods 

for describing linguistic data (or deriving linguistic descrip- 

t i ons ) .  Theory construction must also include the interpretation 

of  descriptions. The empirical interpretation will predict how 

speakers would use the linguistic description. By comparing the 

predicted behavior with actual behavior we can tes t  our theory. 

I f  a theory has an empirical interpretation (that i s ,  if  the theory 
is falsi f iable),  then we may ask i f  there is any evidence in favor 
of this theory over alternative theories and i f  there is any evi- 

dence against this theory. I f  the theory fails in some respect to 

correctly predict actual linguistic behavior, then the fault may 

lie in the rules o f  induction or the empirical interpretation, pre- 

suming that the linguistic data is accurately represented. 

A good example o f  an empirical interpretation o f  a linguistic 

construct is found within those phonological theories that treat 

the phoneme as  a psychological unit. Consider, for instance, the 

following possible empirical interpretations o f  the phoneme: 

( l )  Naive spellings (especially the spellings o f  children 

learning how to read and write) are based on phonemic representa- 

tions. On the basis o f  this empirical interpretation, Read (1975 ,  

29-78) argues that invented spellings like CHRIE for try, JRAGIN 
for dragon, NUBRS for numbers, LITL for l i t t le ,  and LADR for letter 

give evidence that the children's phonemic representations for 

these words are /Era} / ,  / j regan / ,  / n K b r z / ,  / l L t | / ,  and / l e d r / ,  
rather than the more common phonemic representations / t r a j / ‚  

/ d r æ g a n / .  / n A m b a r z / ‚  / l L t a l / ,  and / | e t a r / .  (These latter forms 

have undoubtedly been influenced by the standard orthography.) 

Similarly, Sapir argued (1968, 54-58) that his informants' naive 
spellings were also representative of  their phonemic representa— 
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t ions. 

( 2 )  Slips o f  the tongue are based on phonemic representations. 

For instance, Fromkin (1971, 3 3 )  argues that since slips o f  the 

tongue never split apart the af f r icates [ t s ]  and [ d ä ]  in English, 

these a f f r i ca tes  should be interpreted a s  single phonemes, /ë /  and 

/ fi / ,  rather than as  a sequence o f  phonemes, / t§ /  and /dä/ .  In con— 

trast, actual phonemic sequences like [ s p r ] ,  [ p l ] ,  [ k r ] ,  [ b l ] ,  and 
[ f r ]  are frequently split apart .  This d i f ference in linguistic 

behavior i s  explained i f  we assume that this empirical interpreta- 

tion is  cor rec t .  Similarly, Stampe ( 1 9 7 3 ,  3 5 )  argues that there are 

no archiphonemes in English because o f  the occurrence o f  [ t p s r ]  

rather than [ t b s r ]  as a slip o f  the tongue for the word whisper. 

The psychological (or  phonemic) representation o f  whisEer i s ,  say,  

/ tspr /  rather than /hwrsbr/  or /hWLSBr / ,  where Ê stands for a 

labial stop unspecified for voicing (that i s ,  an archiphoneme). 
The reason then that the slip of  the tongue is [ h w t p s r ]  is that 

slips o f  the tongue switch the order o f  phonemes, and the meta— 

thesis in this example shows that the rea l  phonemic representation 

contains a vo ice less,  bilabial stop. 

( 3 )  Linguistic games are based on phonemic representations. 

This empirical interpretation serves as  the basis o f  Sherzer 's  
(1970)  analysis o f  the Cuna language. The games that speakers play 

are characterized as simple operations on strings o f  phonemes, al- 

though one speaker 's phonemes may be more "abstract" than another's. 
The problem o f  the English af f r ica tes can also be studied by means 

o f  linguistic games. Those "speakers" o f  Pig Latin who move only 

the f i r s t  consonant o f  an initial consonant cluster ( e . g .  spin is 

[ p t s e j ] )  always move the complete af f r icate (e .g .  chin is 
[ L n ö e j ]  and never [ s m n t e j ] ) ,  thus indicating once more that [ t s ]  
is to be interpreted as a single phoneme, /ö / ,  rather than as / të/ .  

Now let  us suppose we have some rules o f  induction for the de- 

termination o f  phonemic representations and that these rules lead 
to the interpretation that the English affr icates should be se- 
quences of  phonemes, as / tä/  and /dä/. Without any empirical inter- 
pretation of  phonemic representations, there would be no way to 

test  this description of  English or the rules o f  induction which 

are used to derive this description. In order to test  our theory: 
we must determine some empirical interpretation for our phonemic 
representations. I f  we accept these three interpretations (namelY: 
that naive spellings, sl ips o f  the tongue, and linguistic games 
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are based on phonemic representat ions) ,  then we can t es t  this de- 

scription of  the English a f f r i ca tes  and any set  o f  inductive rules 

that would lead to such a description. We have already seen that 

the evidence from linguistic games and slips o f  the tongue imply 

that the a f f r i ca tes  are  uni tary.  In f a c t ,  ch i ld ren 's  spellings 

also support this conclusion, since there is  no evidence for in- 

vented spellings of  the form TSH for the af f r icate /ë/  ( e . g .  chin 
is not spelled a s  TSHIN) .  In this case ,  a l l  three empirical inter- 

pretations argue against the phonemic representations / t§ /  and /dä / .  

These interpretations support each other, which i s  what we should 

expect i f  a l l  three o f  these interpretations a re  cor rec t .  Now i t  

may be that these empirical interpretations a re ,  in f a c t ,  incor— 

rec t ,  but we should not r e j e c t  them simply because we des i re,  above 

all e lse ,  to maintain our description of  the English a f f r i ca tes  

(as / të/ and /dä/) and the rules of induction that derive them. 
And even i f  these empirical interpretations are not cor rec t ,  this 

does not relieve the phonologist o f  the responsibil i ty to provide 

some empirical interpretation for his phonemic representat ions. 

In order for his theory to be testable, the linguist must determine 

what will count as evidence for his description and what wi l l  count 

against i t .  I f  the linguist can think o f  nothing that wil l  disprove 

his theory, then he does not have a theory. 

One important empirical interpretation that should hold for 

any theory is  the principle o f  homogeneity: I f  the rules o f  induc- 

tion do not distinguish between A and B in the linguistic descrip— 

tion, then the behavior o f  A and B should be the same. Thus the 

rules o f  induction can be shown to  be wrong i f ,  in f a c t ,  A and B 

behave d i f ferent ly .  The principle of  homogeneity requires linguisé 

t ic theory to predict linguistic behavior accurately. I f  a theory 

fai ls to predict an observed difference in linguistic behavior, 

then the theory must be revised. 

A well-known case where this general principle of  empirical 

interpretation has been used is  in K iparsky 's  paper "How Abstract 

is Phonology?". Kiparsky argued (PP. 24—25) that "contextual neu- 
tralizations are reversib le,  stable, and productive, whereas the 

alleged absolute neutralizations are irreversible, unstable, and 

unproductive." Now the standard generative phonology o f  that time 

did not distinguish between contextual and absolute neutralization; 

both were equally possible. Since linguistic behavior does distin— 

guish between these two categories, the theory must be wrong. 
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Kiparsky therefore argued that the theory must include an alterna_ 

tion condition, which would either forbid absolute neutralization 

or at least make it highly improbable. In this way the linguistic 

theory could predict the non-homogeneous linguistic behavior. 

This example suggests that the principle of homogeneity can be 

used to discover what sorts of  information a linguistic description 

should have in order to predict differences in linguistic behavior. 
In f ac t ,  without the goal o f  predicting linguistic behavior, there 

would be no motivation for discovering the psychologically real 

linguistic descriptions. 
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ACQUISITION OF THE PHONOLOGICAL SYSTEM OF THE MOTHER TONGUE 

Summary o f  Moderator 's  Introduction 

Charles A .  Ferguson, Department o f  Linguistics, Stanford Univer- 
s i ty ,  Stanford, CA 9 4 3 0 5 ,  U . S . A  

The papers are fa i r ly  representative o f  the range o f  studies 

of  phonological deve10pment now being undertaken. The period 

1968-78  was one o f  great ly increased research in child phonology, 

in large part  stimulated by the English translation o f  

KinderSprache (Jakobson 1968 )  and the publication o f  experiments 

on Speech—sound discrimination in infants (Eimas e t  a l .  1971) .  A 

recent conference attempted to review and synthesize this research 

(Yeni—Komshian e t  a l . ,  in p r e s s ) .  

The three areas o f  greatest current research e f f o r t  a re :  

neo—nate discrimination, the transition from babbling to speech 

( f i r s t  two years o f  l i f e )  and the development o f  phonological 

organization (age 2 - 4  y r s . ) .  The f i r s t  and third are represented 

here directly by Kuhl and Menn, respectively, and al l  three are 

alluded to in the various papers. The phonetic/phonological 

development of  older children is  represented here by Gilbert and 

Hawkins, and the Hawkins paper represents the expanding f ield o f  

the development o f  prosodic and temporal character ist ics o f  speech. 

The papers are a lso representative o f  new trends in research 

orientation. Earlier emphasis on innate structures and processes 

led to concern with ( a )  universal orders o f  acquisition o f  phonemes, 

features, and phonological oppositions, and (b) the identification 
o f  feature detectors roughly analogous to visual feature detec tors .  

The new trend is toward emphasis on variation in the order and 

routes o f  development and on the e f f e c t  o f  input on the ch i ld 's  

development. The emphasis on variation is striking in Menn's 

paper, which c lass i f ies variation into seven types and relates 

these to possible developmental models, but i t  is  evident also in 

Menyuk's paper, which notes that "universality is  confounded by 

the particular data the child is confronted w i th . "  Similarly, 

Kuhl, who i s  concerned with Species-wide prediSpositions and even 

predispositions shared with other Species, examines the importance 

of  "select ive auditory exposure" and concludes that in infants '  
speech-sound category formation “their tendencies to attend to 
particular acoustic dimensions [a re ]  modified by exposure to a 
particular language." 

Another new trend is the reversa l  o f  earlier confidence that 
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adult models of speech processing and linguists' phonological 

theories are good bases for understanding child phonology. Current 

research tends to claim that the contribution may o f ten  go in the 

opposite direction, that developmental studies may help in under— 

standing adult models and may o f f e r  a valuable correct ive to 

phonological theory. The models o f fe red  by Menyuk and Menn, a1- 

though different in approach, both illustrate this trend. Menyuk's 

"outside-in" model i s  deliberately different from linguistic 

segmentation and hierarchization and also suggests that current 

adult models may be inadequate even for adults. Menn's two- 

lexicon model with both non—automatic and automatic production 

processing has implications, not much explored by her here, for 

an adult model of  phonology which would allow for more variation 

than most theories. 
Knowledge of  infant speech perception is  increasing rapidly, 

as several research paradigms are followed (Morse 1974,  Kuhl in 

press) .  Knowledge o f  “pre—linguistic" speech production is like- 

wise increasing ( c f .  Dore, et  a1. 1976, Stark 1978,  Carter 197%. 

Finally, both data-oriented and model—oriented studies o f  the 

development o f  phonological structure are increasing (e.g.  Fergu- 

son and Farwell 1975, Kiparsky and Menn 1 9 7 7 ) .  
Unfortunately, however, the conceptual gap between the infant 

perception studies and the other studies seems to be widening. 

The former are perception-oriented and elaborately experimental, 
the latter are production—oriented and based on naturalistic 

observations, typically o f  a small number o f  subjects or even a 

single child. Ways must be found to study perception in pre— 
school children and to connect the neo—nate studies with studies 
of  older children ( c f .  Strange and Broen, in p r e s s ) .  

References 

Carter, A .L .  ( 1 9 7 8 ) :  "From sensori-motor vocalizations to words", 
in Action, gesture and symbol: the emergence o f  languagg; A .  
Lock ( e d . ) ,  309 -349 ,  London: Academic Press .  

Dore, J . ,  M.B. Franklin, R.T.  Miller and A.L.  H. Ramer (1976) :  
”Tran31tional phenomena in early language acquisition": 
J.Ch.Lang. 3 , 1 3 — 2 8 .  

Eimas, P . ,  E.  Siqueland, P .  Jusczyk and J. Vigorito (1971): 
"Speech perception in infants", Science 171,303-306.  

Ferguson, C.A.  and C.B. Farwell (1975) :  "Words and sounds in 
early language acquisition", Lg 51 ,419—439 .  

FERGUSON 133 

Jakobson, R. ( 1 9 6 8 ) :  Child language, aphasia and phonological 
universals, The Hague: Mouton. 

Kiparsky, P .  and L .  Menn ( 1 9 7 7 ) :  "On the acquisition of  phonology”, 
in Language learning and thought, J .  Macnamara ( e d . ) ,  New 
York: Academic Press .  

Kuhl, P .K .  (in p ress) :  "The perception of  speech in early infancy", 
in Speech and language: research and theory, N . J .  Lass ( e d . ) ,  
New York: Academic Press.  

Morse, P .A .  ( 1 9 7 4 ) :  "Infant speech perception: a preliminary model 
and review o f  the l i terature",  in Language perspectives-- 
agguisition, retardation, and intervention, R.L.  Schiefelbusch 
and L.L.  Lloyd ( e d s . ) ,  19—53, Baltimore: University Park Press. 

Stark, R.E.  ( 1 9 7 8 ) :  "Features o f  infant sounds: the emergence o f  
cooing", J.Ch.Lang. 5 , 3 7 9 — 3 9 0 .  

Strange, W. and P .A .  Broen (in p ress ) :  "Perception and production 
o f  approximant consonants by three-year-olds: a f i rst  study", 
to appear in Yeni-Komshian e t  a l .  ( e d s . )  Child Phonology: 
perception, production and deviation, New York: Academic 
Press. 

Yeni-Komshian, G . ,  J .F .  Kavanagh and C . A .  Ferguson ( e d s . ) ( i n  p ress ) :  
Child phonology: perception, production and deviation, New 
York: Academic Press. 

I 
__

'_
_.

_'
.'.

_“
.'.

."
 

.
:
:
-
:
.
.
.
.
 

..
.-

. 
...

-.
...

. 
.

.
 



(
3

.
5

.
3

.
4

.
 

. 
. 

. 

4 
- ‚

a
u

f
m

—
„

.
.

.
.

.
 

.
-

.
"

,
 

‚
.

.
.

-
 

134 SYMPOSlUM No. 3 

ON THE VOWEL AND ITS NATURE, BETWEEN EIGHTEEN MONTHS AND FIVE YEARS 

John H .  V .  Gilbert, Phonetics Laboratory, Division o f  Audiology and 

Speech Sciences,  University o f  Brit ish Columbia, Vancouver, Canada 

Introduction 
For a number of  years, we have been interested in the develop- 

ment o f  vowels in children between eighteen months and approxi— 

mately f ive years o f  age (chronological age, C A ) ,  and have conduc- 

ted a number o f  studies which have been directed toward questions 

in both production and perception. In this paper I shall review 

them, and some other studies which re late to the t i t le , (Gi lber t  aflß. 

Our original curiosity about the deve10pment o f  vowels was 

motivated largely by two factors; the f i r s t  being that in 1967,  

there was very l i t t le information relating to this particular as-  

pect o f  phonological acquisition; the second being that the classic 

paper o f  Peterson and Barney (1952)  tantalizingly showed marked 

differences in vowel formant measure between children and adults 

without at  any place in the paper stating how old the subjects were 

who constituted their sample. The Peterson and Barney data showing 

the differences between adult males and children are il lustrated 

in an F1/F2 plot shown in Figure 1. 

Our interest in the development o f  vowels then developed into 
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Figure 1. Frequency o f  second formant versus 
frequency o f  f i rst  formant for vowels 
spoken by men and children, which 
were c lassi f ied unanimously by all 
listeners (Peterson and Barney, 1952) .  

three principle questions: the first was whether i t  was possible to 
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accurately trace the development o f  vowel sounds from around eight- 

een months to their adult values; in this we were superceded by the 

excellent work o f  Eguchi and Hirsch (1969 )  whose formant measures 

for vowels over time are shown in Figure 2 .  
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Figure 2 .  Mean formant frequencies for combined age groups 
as shown in the key .  Each point represents the 
combination o f  Formant 1 and Formant 2 for each o f  
the s ix  vowels .  The di f ferent symbols together 
with the lines that join them represent the d i f fe r -  
ent ages.  The broken circles are drawn around all 
points for a given vowel. (Eguchi and Hirsh, 1 9 6 9 ) .  

There were,  however, subsiduary questions relating to the problem 

of  the ontogeny o f  vowels,  in particular, whether children o f  the 

same chronological age but a t  different stages o f  physiological 

development, would demonstrate di f ferences in vowel formant f re-  

quencies because o f  their di f ferences in growth. I wi l l  report 

this information la ter .  

The second principle question related to formant measures o f  

vowels produced by groups o f  children who were measureably d i f fer-  

ent in their linguistic development, since a great deal o f  space 

in the phonological literature has been (and continues to be) de- 
voted to a discussion o f  how and in what sequence consonant sounds 

emerge. We fe l t  that children at  di f ferent stages in the acquisi- 

tion process might give us some information relating to this ques- 

tion, a t  least  for vowels. 
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A third, and las t  principle question, concerned the manner in 

which vowel sounds are perceived by children when these sounds are 

produced both by themselves and adults.  Since vowels are perhaps 

more easi ly acoustical ly measured than consonants in the output o f  

children, and since there appears to be more listener agreement on 

their character, we considered this line o f  investigation was one 

worth following. 

Studies o f  Vowels 

Because o f  their clear separation in the vowel quadrilateral, 

our energies were directed chief ly to an examination o f  four vowels: 

/ i /  as in "heed",  /æ/ as in ”had" ,  /n/  as in "hod" ,  and /u/ as in 

“who 'd " ,  produced by both children and adults, usually in an h—d 

environment. Other studies reported in the literature have examined 

a wider set  than th is .  The choice o f  these vowels,  however, allowed 

us to compare our resul ts  with results from numerous studies conduc- 

ted with adults, and in retrospect,  to consider some issues,  e . g .  

individual variation, as they apply to the emergence o f  vowels dur- 

ing acquisition. Bearing in mind the problems o f  holding "mechan- 

ical" ( i . e .  child) parameter constant, and the difficulties of min- 
imizing measurement variation (see Kent,  1976 ,  1978 for details on 

acoustic analyses o f  children's vowels) ,  we hoped to  view the vowel 

system "sett l ing down" across chronological age. 

In an early paper, Okamura (1966)  measured f ive vowels spoken 

by 4 7 5  Japanese children and demonstrated that the formant f re-  

quency construction o f  these vowels was quite dif ferent between 

children and adults. A copy o f  his centre formant frequency measure- 

ments is shown in Figure 3 .  

I t  will be seen that for all o f  these vowel sounds, the for- 

mant frequency measurements appear to plateau around seven years 

o f  age. When we came to compare our own data for four-year-old 

English speaking children with that o f  Okamura, we found a fair 

measure o f  agreement for formant two. Our measurements are shown 

in Table 1. 

Interestingly, the use o f  duration o f  vowels in emerging pho- 

nology appears, a t  least in one report (Di Simoni, 1 9 7 4 ) ,  to fol- 

low this development trend; by age s ix ,  durational differences 

between vowels becoming stabilized in children's speech. This is- 
sue i s ,  however, confused and the reader i s  referred to a compre- 

hensive account o f  factors in Greenlee (1978 ) .  
As mentioned earlier, one of our interests was to determine 
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mean "“un-stand. X adult 
dev. female 

Figure 3 .  Formants and their standard deviations 
(Okamura, 1966) 

wether differences in physiological age (whilst holding chronolog- 
ical age constant) would, in fac t ,  change the acoustic characte- 
r is t ics o f  children's vowel sounds. I t  did not appear sensible to 
group children by CA for the purposes o f  examining vowel develop- 
ment i f ,  in f ac t ,  their physiological ages were markedly dissim- 
i lar. The motivation for this observation was the assumption that 
a difference in physiological age would mean a difference in vocal 
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tract length and therefore a dif ference in characteristic vocal 

t ract  resonances. 

Table l .  Vowel productions: means and standard deviations, 
in hertz for F1 and F 2  measurements o f  control 
and experimental groups (Gi lbert ,  1 9 7 0 ) .  

F1 F 2  
Stand. Stand. 

Vowel Mean dev. Mean dev.  

/ i /  Control 4 4 2  107 2510 9 9  
Experimental 5 5 5  149 2613 6 7  

/æ/ Control 917 183 1710 251  
Experimental 8 5 9  130 1631 122 

/a /  Control 6 9 3  112 1246  157 
Experimental 7 2 7  113 1216 2 9 9  

/u/ Control. 539 166 1255 202 
Experimental 5 3 3  115 1336  207  

We found that both F1 and F 2  naturally show a tendency to drop 

with an increase in chronological age from fourteen to eightyfour 

months, and that when subjects were reassigned to groups by Bone 

Age (BA) (Harrison, e t  a l .  1 9 6 4 )  groupings, (BA being the physiolog- 

ical measure which we used) ,  the same pattern emerged. We found no 

stat ist ical difference between Ca and BA on our formant measures; 

we thus concluded that grouping children by a measure o f  physio- 

logical maturity (rather than CA) does not in the final analysis 

alter resul ts.  

In retrospect,  I am not sure that this was an appropriate con- 

clusion to draw, based on the way in which we assigned children to 

BA groupings. I suspect that i t  would have been more apprOpriate 
to have taken both BA plus skeletal s i ze ,  i . e .  height and weight. 
and then compared them with children a f  similar CA and intelli- 

gence. We know from the work o f  Negus ( 1 9 4 9 )  that the larynx de- 
velops most rapidly between 3 : 0  and 5 5 0  CA and then increases in 
s i ze  to maturity very slowly. This point should have been taken 
into account. I am sti l l not convinced that we have solved the 
physiological age problem in our deliberations. 

From a consideration o f  physiological age we then moved to a 
slightly dif ferent view of  the process, that i s ,  would children at 

different levels o f  linguistic development, but at the same CA ex- 
hibit any significant differences in vowel production. Given that 
children are the same height and weight our assumption would be 
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one o f  no d i f ference, since we would expect that whatever emerged 

from the vocal t ract  would be o f  the same order, regardless o f  

whether or not each c h i l d ' s  linguistic abilit ies were d i f fe ren t .  
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We recorded children a t  4 ; 0  CA divided into groups on the basis o f  

normal and late language usage. Although there were no d i f ferences 

between these groups in terms o f  mean formant two measurements, _ . 

when we played tokens produced by the late language users to adult E14 

l isteners for ident i f icat ion, the adults were def in i te ly confused ‘ 

in their perception, a result which we had certainly not antici- 

pated. 

We interpreted this discrepancy as an indication that children 

who are at  a less mature stage o f  linguistic development are doing 

"something" to the vowels which cannot be accounted for  on an a-  

coustic bas is .  A thorough examination o f  the acoustical similari- 

ties and dissimilarit ies between normally developing children and 

language delayed children is  necessary before we can make any fur— 

ther judgements. I t  may well be that the dynamic acoustic infor- 

mation distributed over the temporal course o f  the syllable, is 

a f fec t ing listener judgement di f ferent ly in each case.  

The last question to which we addressed ourselves involved 

the perception o f  vowels.  In 1 9 6 7 ,  Menyuk reported an experiment 

in which she showed that the phoneme boundaries for a set o f  vowels 

in consonantal context were the same for s ix  children between 5 3 0  

and 1 0 3 0  as  they were for  adult l istners. We found in our experi- 

ments that children at  4 3 0  have no diff iculty in discriminating 

four broadly spaced vowel tokens spoken by themselves and by adults, 

when these are presented to them in an h-d context .  We also found 

that, when children at  this age are asked to produce vowel sounds 

in an h-d context ( in  response to the same vowels in h—d context 

spoken by adults and child speakers other than themselves),  there 

is virtually no difference between FO and F 2  in their tokens, and 

the tokens o f  the speakers whom they are imitating. 

Lieberman (1978)  and his associates at  Brown University have i V b  

data which shows a gradual and,consistent improvement in the chil- 

d ren 's  productions o f  vowels o f  English from the early stages o f  

babbling through to 3 : 0 ;  an age at which the children are using 

meaningful sentences and conversing with the experimenters. Lieber- 

man 's  data is very robust, and certainly corroborates our own no— 

tions about vowel deve10pment. 
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Conclusion 

The question o f  the acoustical development o f  vowel sounds 
appears to be reasonably well answered by now. That i s ,  one sees 
an increasing trend over the f i r s t  s ix  years towards the adult 

form in terms o f  fundamental frequency, F2 and F 3 .  The plateauing 
between 6 : 0  and 8 : 0  is undoubtedly related to the fact  that the 
vocal t ract  a t  this time is approaching i t s  adult measurement. 
The question o f  the chi ld 's perception o f  vowel sounds appears 
more equivocal. Since perception will have to be accounted for by 
correct usage in production, we wil l  need further experiments of 
the kind recently reported by Greenlee (1978)  before any defini- 
tive statements can be made. The same reservation is also true 
for adult l isteners' perceptions o f  child talkers. There appears 
to be minimal evidence that children attempt to mimic the acoustic 
characteristics o f  the adult speech that they hear, although we do 
know from Garnica (1974) that at  least the mother is adjusting the 
acoustic characterist ics o f  her utterances to the child. Why is i t  
then that children's vowel utterances are so clearly delineable at 

(1976) 
normalization does not appear to be a sat isfactory answer. 

a relatively early age? As  discussed by Verbrugge e t  a l .  
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THE CONTROL OF TIMING IN CHILDREN'S SPEECH 

Sarah Hawkins, Dental Research Center, University o f  North 

Carolina, Chapel Hi l l ,  NC 27514,  U . S . A .  

I t  is generally acknowledged that temporal and prosodic 

variables significantly a f fec t  speech intelligibility. For exam- 

ple, adult l isteners derive considerable information about the 

syntax and s t ress pattern o f  sentences'when segmental cues are 

either distorted by spectral rotation or absent because the 

sentence is  hummed. The role o f  prosody in defining syntactic 

boundaries has been demonstrated with s ty l ised synthetic intona- 

tion contours and with prosody pitted against syntax in cross- 

spliced sentences. The duration alone o f  both phonemes and 

larger units can be crucial to speech intelligibility. Addition- 

ally, adults appear to be particularly sensitive to the rhythmic 

onset o f  s t ressed syl lables, both when listening to speech and 

when tapping to the rhythm o f  their own speech. The listener 

appears to anticipate when s t resses  wil l  occur and focuses atten— 

tion at these times. (Documentation o f  the above points may be 

found in papers for the other Symposia o f  this Congress and in 

Cohen and Nooteboom (1975 ) . )  This integrative and predictive 

role o f  prosodic cues figures prominently in recent models o f  

speech perception. For example, Pisoni and Sawusch (1975)  sug— 

gest prosodic cues may form an interface between low-level seg- 

mental information and higher levels o f  syntax and meaning. 

Martin (1972) has elaborated the notion o f  the predictive role o f  

rhythm in speech perception, pointing out that efficient percep— 

tual strategies such as attention-cycling between input and out- 

put can be facilitated when the signal need not be mOpitored con- 

tinuously. 

What relevance have these observations about adult speech to 

children's perception and production o f  speech? Although the 

adult listener may be assumed to attend only minimally to much o f  

the acoustic signal, this cannot be.assumed for the child. The 

young child lacks the linguistic and nonlinguistic experience that 

would allow him/her to " f i l l  in“ a large proportion of  the message 

on the basis o f  knowledge shared with the speaker. Our sparse 

knowledge o f  children's perceptual abilities supports this dis- 

tinction between adults' and children's perception o f  speech. For 
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example, although infants o f  less than 16 weeks can discriminate 
between stimuli differing in some durational aspects, such as VOT 
(e .g .  Eimas et a l . ,  1971) and syllable duration (Spring and Dale, 
1 9 7 7 ) ,  children as old as  4—6 years do not necessar i ly  use these 

durational cues in the same way as  adults (Z la t in  and Koenigsknecht, 

1 9 7 5 ;  Simon and Fourcin, 1978 ;  Higgs and Hodson, 1 9 7 8 ) .  We know 

more about chi ldren's speech production than their perception; the 

last 5 or 6 years have provided data on children's timing in 
phrases, words, syllables (Hawkins and Allen, 1 9 7 8 ) ,  segments, and 

subsegmentals such as VOT ( f o r  additional references see below).  

Many o f  these studies have demonstrated that while some aspects o f  

children's speech timing resemble those o f  adult speech from quite 
an early age, (about 2 - 4  y e a r s ) ,  other aspects do not mature until 

much later (up to about 9-11 years ) .  
The question becomes when and why there are di f ferences be— 

tween adults and children. Do timing rules appear in children‘s 
Speech simply as a consequence o f  increasing neuromuscular coor- 

dination, and only gradually come to serve a perceptual function? 

Or does the child learn the perceptual function o f  such cues and 

attempt to produce them in his/her own speech? In the latter 

case the age when adult timing relationships appear would depend 

partly on neuromuscular abilities and partly upon the age when 

their perceptual function is recognised. 

This paper discusses ways in which we might distinguish be— 
tween the above possibilities, using data from children's speech 
production. The aim is to provide a conceptual framework that 
will be useful in thinking about children's timing control, as a î 
first step towards formulating a theory of the development o f  
speech timing. 

I begin from the position that the chi ld 's perception o f  

speech neither is  essentially mature before s/he begins to speak 

(o f .  Smith, 1973) ,  nor develops concurrently with production ( c f .  
Waterson, 1970, 1971a,b) .  Rather, I shall assume that while the 

young speaker perceives some parts o f  the speech signal quite 

maturely, s/he perceives other parts only as unanalysed 'noise ' .  
This View is similar to that o f  Ingram ( 1 9 7 4 ) ,  except that I 

assume that the position of  the 'noise' may not be fixed in the 
signal in a segment-by—segment manner. The approach is polysys- 

temic: the child's systems o f  perception and production both may 
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voiced-voiceless ratios relatively early. Naeser (1970) found 

they were present by 21 months o f  age and in fact preceded control 
o f  the voicing feature that governs the distinction in adult 

speech. 

The development of  VOT control in stops nicely illustrates 

the following points: ( i )  perception and production do not always 
develop hand in hand, and (ii) a phonemic distinction that may be 

legitimately regarded as lying along a single phonological dimen- 

sion should not necessarily be treated as two extremes o f  a uni- 

tary process in a theory o f  speech development. The development 

o f  the voicing contrast in English has been studied longitudinally 
(e.g.  Kewley-Port and Preston, 1974; Macken and Barton, 1978) and 

cross—sectionally (e .g .  Menyuk and Klatt, 1975; Zlatin and 
Koenigsknecht, 1976; Gilbert, 1977) .  I t  has been consistently 
found that children make a distinction between short—lag (voiced) 

and long-lag (voiceless) steps fairly early (around 2 years) ,  but 
at this stage only the short-lag distribution resembles the adult 
form. I t  is not until much later (around 6 years or more) that 

the long-lag VOT distribution resembles that o f  the adults. The 

difference in age o f  mastery of  the two VOT categories is commonly 
accepted as being due to differences in the neuromuscular coordi- 

nation required: short—lag stops allow considerable variability 

in the coordination o f  laryngeal and oral activity, whereas long- 
lag stops require rather precise coordination. 

Temporal regularities that do not function as primary percep: 

tual cues, especially those that appear to provide no perceptual 

information, would be expected to be acquired as the child's 
action plans (articulatory programs) become more sophisticated. 
An example is the reduction of  the duration o f  consonants in 
clusters. Although many o f  the durational differences between 

clustered and unclustered consonants are perceptible, they may not 
serve a perceptual function (Klatt, 1 9 7 6 ) .  The age when children 

produce these durational modifications varies according to the 
type o f  cluster, but the last ones are probably not mastered until 

9-11 years (Gilbert and Purves, 1977; Hawkins, in p ress) .  This 
is later than many o f  the temporal phenomena discussed above. 
Hawkins ( in press,  in preparation) discusses evidence from these 

data suggesting that many clusters undergo considerable reorgani- 

sation as complex units, rather than there being simply durational 
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reduction o f  each segment. Intermediate stages may involve uneven 

rates of  development and durational changes in the opposite direc— 
tion from that finally required. These observations, together 

with the late attainment o f  mature durational relationships, are 
consistent with the development of  increasingly sophisticated 
motor action plans by the integration o f  subroutines. 

This paper has discussed some o f  the considerations that 

should be included in a theory o f  the development o f  speech timing 
within a polysystemic, parallel processing approach. I t  suggests 

that adults and children will d i f f e r  in speech production process— 
es not so much in the nature o f  those processes as in their rela— 

tive importance and their domain o f  influence. The ch i l d ' s  
'system' cannot be regarded as stat ic at any time, but rather as 

reflecting the e f f e c t s  o f  several continually changing systems 

that replace each other during development. Changes in one sub- 

system may a f fect  others, producing either progression or tempo- 
rary regression. Furthermore, a given phenomenon observed in 
deve10pment may have several causes, whose e f f e c t s  may a l l  work 

in the same direction or in conflicting directions. Consistent 
with these points,  the development o f  speech timing may be use— 
fully considered in the contexts o f  maturing neuromuscular coor- 
dination and the perceptual cueing function o f  timing rules. 
Neuromuscular immaturity influences patterns o f  production both 

across-the—board and in specific contexts. It is reasonable to 

expect timing rules that are primary perceptual cues to be imple- 

mented earlier than those that are not ,  assuming both that the 

degree o f  neuromuscular complexity is constant and that the child 
perceives the distinction as l inguistically relevant. 
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CROSS-LINGUISTIC EVIDENCE ON THE EXTENT AND LIMIT OF INDIVIDUAL 

VARIATION IN PHONOLOGICAL DEVELOPMENT 

David Ingram, University of Brit ish Columbia, Vancouver, B . C . ,  

Canada 

Let me begin by describing four types o f  variation that could 

occur during children's phonological development: 

1. intra—child variation: the production o f  d i f fe rent  phonetic . 

forms for the same word, or the inconsistent use o f  a particular 

phonological process across words by an individual child; 

2 .  inter—chi ld variation: the production o f  d i f ferent  phonetic 

forms or d i f ferent phonological processes by di f ferent children 

at a comparable stage of  development; 

3 .  intra-language variation: the occurrence of different develop- 

mental stages or patterns by children learning the same language; 

4 .  inter—language variat ion: the existence o f  phonological pro- 

cesses for a l l  children learning a particular sound pattern in 

one language distinct from those used by a l l  children learning a 

similar pattern in another language. 

We need to determine, f i r s t ,  do a l l  four possibilities actually 

occur in development? and second, what is  the extent and limits 

of  each? Here I will briefly demonstrate that the f i r s t  three 

ex is t ,  and then comment on what i t  means to look for inter-language 

variation. 

Intra-child variation, or the use o f  varying phonetic forms 

by the same child has been noted for a long time in phonological 

diaries. Recently, investigators have attempted to document and 

explain this occurrence. A succinct and plausible description o f  

what may be  occurring is expressed in Klein ( 1 9 7 7 ,  1 5 9 ) :  " I t  ap- 

pears then, that the amount o f  variation in a ch i ld 's  productions 

may be a function of  the type and variety o f  processes a child has 

available and applies in modifying words a s  he/she attempts to 

say them". 

The existence o f  inter—child variation is a lso well-documented. 

Children learning the same words and sounds a t  comparable periods 

o f  development will of ten show varying ways to produce them, seem- 

ingly due to  preferences for particular sounds or syllabic shapes, 

e .g .  Priestley (1977) .  Klein (1977) has dealt with one such pat- 

tern at  length, that o f  a preference for  reducing syllables versus 
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one for  syllable expansion as in reduplication. Ferguson, in 

several papers, has re fer red to such alternatives a s  individual 

strategies and suggests that the extent o f  variation may be quite 

great .  For example, Ferguson and Farwell ( 1 9 7 5 ,  4 3 7 )  in a study 

on the phonological development o f  three children during the f i rs t  

5 0  words conclude: "each o f  the three children is  exhibiting a 

unique path of development, with i ts  individual strategies and pre f -  

erences and an idiosyncratic lexicon". 

The occurrence of  inter-child variation a t  any stage implies 

the existence o f  intra-language variation, i . e .  d i f ferent develop- 

mental stages or paths. Elsewhere, however, (Ingram 1974b,  1978)  

I have argued that one needs to be cautious about claims o f  wide- 

spread variation and alternative stages.  Even though variation in 

the production o f  speci f ic words and the use o f  phonological pro- 

cesses may occur, a broader view may indicate that this variation 
is  simply part of  a more general pattern. Regarding phonological 

processes, I suggest that children may follow them in varying de- 

grees (Ingram, 1 9 7 4 b ) .  For variations that result from preference 

for certain sounds, i t  may also be that more similar or general 

patterns are discernible once sound classes are observed (Ingram, 

1 9 7 8 ) .  
So f a r ,  l i t t le research has been done on inter-language varia- 

tion, with the prevailing position being that most cross-linguistic 

data wi l l  be similar to intra-language findings. In my earlier 

study o f  general phonological processes (Ingram, 1 9 7 4 a ) ,  I observed 

that these tended to occur with children acquiring d i f ferent  lan- 

guages, a point also made in regard to the less obvious process o f  

Fronting (Ingram, 1 9 7 4 b ) .  While these claims deal with aspects o f  

development shared by children, similar ones can be found for vari— 

ations between children. In Ingram e t  a l .  ( t o  appear),  we studied 

the acquisition o f  English word-initial fr icatives and af f r icates 

across 7 3  children, determining their individual preferences. 

Most generally, one could say that when preferences occurred, they 

were for either labial, alveolar, or palatal productions. This 

three-way possibility was also observed in Ingram ( in press) for 

three French children, Elie-Paul (Vinson, 1915) ,  Fernanda (Roussey, 

1899-1900) ,  and Suzanne (Devil le, 1890—91) as found in their sub- 

stitution summarized in table 1. 
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Table l 

Substitution patterns for French f r ica- 
tives by three French-learning children 

Adult Sound Substitutions 

Elie-Paul (1:11) Fernande ( 2 : 4 )  Suzanne (1,11) 

/ f /  - s f 

/V/ - s v 

/S/ I s s(t) 
/z /  I - z 

/ Ï /  f s s 

/3/ I s ; 

Is there, then, inter-language variation, i . e .  the existence 

of  distinct phonological processes for learners o f  one language 

that do not occur for learners of  another language? To begin, 

there are two simplistic extremes that reduce the issue to a triv— 

ial one. On the one side, we can say that children are all geneti- 

cally prepared to learn language, and consequently all have the same 

processing mechanisms available. In this case ,  no inter-language 

variation is possible, for it may simply be that the proper circum- 

stances for a particular process do not apply. For example, a 

child wil l  not show simplification of  consonant clusters in learning 

a language that does not have them. The other situation is to say 

that al l  languages are phonologically d i f f e ren t ,  so that o f  course 

children will show differences across languages because there are 

distinct phonetic inventories and phonological patterns to  be 

learned. 

There i s ,  however, a middle ground between these two where 

variation may be viewed in a non—trivial fashion. This is where 

there are cases when two languages appear to present children with 

similar phonological patterns, but children do not deal with them 

in the same way. A closer analysis should provide insight into 

the multiple conditions that occur in a particular language which 

lead to different learning patterns across languages. 

Let me provide two examples o f  such patterns. In English, 

there is a common process of  velar assimilation where an alveolar 

consonant will assimilate to a following stop i f  i t  is velar, e .g .  
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Jennika 1 ;7  9335 [ g A k ] ;  2 : 2  tickle [ g i g u ] .  This occurs in both 
CVCs where the sounds are within a syl lable, and in CVCV words 
where the assimilating sounds cross  a.sy l lable boundary. I have 
examined extensive data from the three French children mentioned 
above and have not found instances o f  this process. Possible ex-  
planations are that potential instances are rare,  and that the d i f —  
ferent timing pat tern o f  French inhibits i t s  occurrence. None- 
theless, one can locate places where it could occur, given our 
current understanding o f  the process. 

A second example concerns a process that all three French 
children show quite widely, but which is  not found in English learn- 
ing children with any frequency. This is  the process o f  consonant 
denasalization where a nasal consonant will denasalize in harmony 
with a nonnasal obstruent, e . g .  Fernande mange ' e a t '  [ b a Ï ] :  menton 
'chin' [ b a z t o : ] ;  marcher 'walk '  [ b a s e ] .  Table 2 presents data in- 
dicating how dominant the pattern is for the three French children 
under discussion. 

Table 2 
Proportion o f  occurrence o f  denasalization 
for three French children at varying ages 

age Suzanne age Fernanda age Elie-Paul 
1,0—1,7 00 (0/1) 1,4-1,9 1.00 (5/5) 2,1 .50 (2/4) 
1;8 . 6 7  ( 4 / 6 )  1;10-2;0 .83  (5 /6 )  2 ; 2 - 2 ; 5  1.00 (7/7)  
1,9 .67 (6/9) 2,1—2,3 1.00 (8/8) 2 ,6-3 ,o  .25 (2/8) 
1,10 .50 (6/12) 2;4~2;7 .25 (1/5) 
1,11 .43 (6/14) 2;8-2;10 00 (0/7) 
2,0 .19 (3/16) 

Like the previous example, one can c i te some factors that might 
contribute to i t s  nonoccurrence in English, but potential cases 
do ar ise.  

Data like these suggest that inter—language variation occurs, 
and that we need to seek more instances of  i t .  Once more are found, 
they should show that phonological acquisition is  the complex inter- 
action of several conditions in the adult language, and that phono- 
logical processes will need to be described in much more detail 
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than exists to date. Also, they indicate that the study of acqui— 

sition in only one language may yield a restr ic t ive,  and possibly 

misleading, view of  the language learning process. 
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THE ACQUISITION OF CHINESE PHONOLOGY IN RELATION TO JAKOBSON'S 

LAWS OF IRREVERSIBLE SOLIDARITY 

Heng—hsiung Jeng, National Taiwan University, Taipei, 
Republic o f  China 

I .  Introduction 

This paper attempts to  f ind out whether the laws o f  i r revers— 

ible solidarity as proposed by Jakobson (1968; 1971) also apply 
to  the acquisition o f  Chinese phonology by two Chinese children. 

Chinese here re fe r s  to the Mandarin Chinese as spoken in Tai- 

wan, Republic o f  China, today. This variety o f  Mandarin Chinese is  

d i f ferent  from the standard Mandarin in that the former generally 

does not have the retrof lex a f f r i ca tes  / t s / ,  / tsh/ ,  and the retro- 

f lex fricative /§/ that can be found in the latter. As far as tones 
and other segmental phonemes are concerned, they are essentially 

the same. 

The subjects are my f i rs t  son Jeng Wei, born on October 15 ,  

1969 ,  and my second son Jeng Hung, born on June 5 ,  1975 .  T h e _ d a t a  

selected for this study are those of  my f i rs t  son recorded between 

the age o f  2 months when babbling started and the age o f  20  months 

when I l e f t  for the U . S .  and stopped recording, and those of  my 

second son recorded between the age o f  15 months when he began to  

utter the f i r s t  words and the age o f  31 months when he had more or 

less mastered Chinese phonology. Al l  these data were recorded by 

the author, mainly in phonetic transcription and occasionally with 

a tape recorder. My f i r s t  s o n ' s  data were mainly used for the dis- 

cussion o f  the acquisition o f  tones, and the second s o n ' s  data for 

the discussion of the acquisition o f  segmental phonemes. 

My w i f e ' s  native Chinese dialect is  Hakka, and my native Chi- 

nese dialect is  the South Min dialect spoken in Taipei. Most o f  

the time we converse in the variety of  Mandarin Chinese spoken in 

Taiwan as characterized above. Only when my w i f e ' s  relatives or 

mine come to visit us i s  Hakka or South Min heard more o f ten.  So 

my sons generally live in the native—speaking environment of  Man- 

darin Chinese, with only occasional exposure to Hakka and South Min. 

I I .  Acquisition o f  Chinese Phonology 

A .  Tones 

I t  has been observed by Jakobson (1968 ,  21-22) and Lenneberg 

( 1 9 6 4 ,  119) that babbling is not directly related to the acquisi— 
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tion of speech sounds. However, they did not touch upon the acqui— 
sit ion o f  tones in a tone language. 

Chao (1951) noted that most Chinese children acquire tones 
quite ear l y ,  except some tone sandhi phenomena. Li and Thompson 
(1976)  and Li (1978)  a lso observed that the acquisit ion of  tones 

by a Chinese child precedes the acquisit ion o f  segmental phonemes. 
Weir ( 1 9 6 6 ,  156)  even pointed out that a Chinese baby a t  about s ix 
months, that i s ,  during i t s  babbling s tage,  had already much tonal 

variation over individual vowels, while the Russian and American 
babies a t  about the same age seldom showed such variation. 

The wri t ten records o f  my f i r s t  s o n ' s  babbling show that he 
had tonal variation over individual vowels or syllables at a very 
early age: [eve ]  (2  months); [e/ë] (3  months); [ iA i ]  ( 3  months); 
[Efiëlhge] (3  months). And at 4 months, in response to my utter— 
ance [gda’ä], he produced a similar tonal variation over the same 
vowels. The above examples show that a t  the very early stage o f  
babbling, he not only could produce vowels and syllables with di f— 
ferent tones,  but also link such production to the perception o f  
tones. 

This evidence supports Chao's (1951) ,  Li and Thompson's (1976) 
and L i ' s  (1978)  observations that tones are acquired quite early 
by Chinese children. With such abil i ty to perceive and produce 
tones transferred from the babbling stage,  a Chinese child usually 
sets out to  acquire his f i r s t  Chinese words with practically cor- 
rect tones. My f i rs t  son, at 11 months, uttered his f i r s t  word 
[papa]  correctly with a falling tone followed by a neutral tone. 
At\1 one year, he produced the word [paw ] ' to  mix milk powder with 
water‘ correctly with the falling tone even though the aspirated 
voiceless bilabial stop /ph/ was incorrectly pronounced as i ts 
unaspirated counterpart. At  15 months, he could recognize the 
difference between [g iec ie ]  'shoes' and [s iegie]  ' thanks ' ,  [xua]  
' f lower '  and [xuä]  'painting' because o f  their different tone 
patterns, even though he could not produce them y e t .  My second 
son a t  16 months, about one month a f te r  the utterance o f  his f i rs t  
word, produced a minimal pair with tones as  the distinctive ele- 
ments: [pah pa w ]  'bread, food' and [paw pa w ]  'hold in arms' 

Mandarin Chinese has four tones and one neutral tone, which 
occurs only in an unstressed syllable. Besides the above mentioned 

high level tone [ ' 7 ]  ( 5 5 ) ,  namely the f i rs t  tone, in such a word 

JENG 157 

as [ xua ]  ' f l ower ' ,  falling tone [ \ q ]  ( 5 1 ) ,  namely the fourth tone, 
in such a word as [ x u a ]  'paint ing' ,  and neutral tone [ ' 1 ]  in the 
second syllable of  the word [papa]  ' f a t h e r ' ,  there are the rising 
tone [ ' 1 ]  ( 3 5 ) ,  namely the second tone, and the falling- rising tone 
[ v 4 ]  ( 2 1 4 ) ,  namely the third tone, which is real ized as [ ’ 1 ]  (35) 
when i t  occurs immediately before  another third tone and normally 

realized as  [ o J ]  (21) elsewhere. Both my f i rs t  and second sons 
acquired the second and third tones more or less  simultaneously 

and without much d i f f icu l ty :  my f i rs t  son had been able to produce 

the second-tone words [ma i ]  ' buy ' ,  [n iu ]  ' c o w ' ,  and the third—tone 
words [ t o i ]  ' s e l f '  in [ t s i  ts i  l a i ]  'by  o n e s e l f ' ,  [ t s h i ]  ' r i s e '  in 

[ to Îä  lai] 'ge t  up' by the age o f  19 .5  months; my second son ut— 

tered the second-tone words [ t ç i en ]  'money' at 1 7 . 5  months, [ n a i ]  

'come' at 18 .5  months, and the third-tone words [ t a  ka i ]  'open' 

a t  1 6 . 5  months, [p i  ps] ‘ur inate '  at 17 months. However, they 

occasionally mispronounced some second—tone words a s  third—tone 

words and vice versa,  and this supports the view of  Li and Thompson 

( 1 9 7 6 ,  189)  concerning such occasional confusion. 

As  for tone sandhi phenomena, the data o f  my second son, con- 

trary to Chao 's  (1951) observations, show that he generally had no 

problem with them. And this also supports the view o f  Li and 

Thompson (1976 ,  189)  that "tone sandhi rules are learned, with in- 

frequent errors". For example, the third—tone word /uo/ ' I '  before 
another third-tone word was correctly changed to the second tone 

in the expression [uo  ie iau tsg tsä] ' I  also want to go out ‘  
uttered at  21 .5  months, while before a neutral-tone word, i t  was 

correctly real ized a s  [ u o ]  in the expression [uo  t v ]  'm ine ' ,  ut- 

tered a t  21.5 months. And the fourth—tone word /pg/ ' n o t '  before 

another fourth-tone word was correctly changed to the second tone 

in the expression [ p u  tsaä] 'absent '  uttered a t  2 4  months, but be- 

fore a third-tone word, i t  remained unchanged in the expression 

[pg E3 xuan] ' don ' t  l ike' uttered at 2 2 . 5  months. 
Therefore, Chinese tones, unlike segmental phonemes which have 

to evolve slowly step by step, are perhaps acquired by a Chinese 

child during babbling before the utterance of  the f i rs t  word and 

assigned immediately to the f i rs t  words acquired. 

But why are tones acquired before segmental phonemes? Perhaps 

the answer may be found in the lateralization of  the human brain. 
Fromkin and Rodman (1974 ,  312) s tate that af ter  lateralization, 
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the right brain is specialized in pattern—matching and the le f t  

brain in analyt ical  thinking. Probably that is why such discrete 

linguistic elements as segmental phonemes can be acquired by the 

le f t  brain after lateralization, which takes place around the age 

o f  one, and before lateral ization, when both sides o f  the brain 

are s t i l l  symmetrical, only suprasegmental patterns such as tones 

can be acquired. 

B .  Consonants and Vowels 

My second s o n ' s  acquisition o f  Chinese segmental phonemes may 

be divided into two stages: i .  minimal phonological system; i i .  

fully deve10ped phonological system, which is  almost identical with 

an adult Mandarin speaker 's  phonology. 

The minimal phonological system consis ts  o f  four stops,  /p / ,  

which has two allophones [m]  and [ b ]  as free variants, / t / ,  /k/, 
and / ts / ,  which has an allophone [ t s ]  occürring before / i / ,  and 

four vowels, / a / ,  /aw/,  / i / ,  and / e / .  Al l  these segmental phonemes 

were acquired within 4 4  days, between September 25 and November 8 ,  

1 9 7 6 .  And the words uttered within this period are as fol lows: 

(9/25)l [papg] 'people'; (9/26) [kgfkar] 'older brother', 
[ i e  t a i l “  [ t e  to i ]  ' e y e s ' ;  (10/4)  [ a  tpitçi] ' d i r t y ' î  (10/12) 

[pgjpa ] 'brgad; f ood ' ;  (10/18) [ pa  par] 'hold in arms ' ;  

(10/19) [ t s a t s a ]  'd i r ty ' ;  (10/26) [ t a  k a i ]  'open ' ,  [ t a ta ]  

' candy ' ,  [ t e  t a ]  ' f a l l  down', [map%]~[baba]~[papa] 'people' ;  

(10/28) [piapia] 'don ' t  want ' ;  (10/29) [p%?pä] ' c a r ' ;  (11/2) 

[ 0 % ]  ' f l owe r ' z ;  ( l l /7) [ t ig ]  'd rop ' ;  ( l l /8)  [83 R$] 'urinate'. 

Beyond this stage of  minimal phonological system, nasals,  

aspirated stops,  fr icatives except / f / ,  and the retrof lex liquid 

/r /  emerged almost simultaneously although they became stable a t  

different times. The lateral liquid /1/ appeared laterwfihan all 

these sounds, and / f /  was the last  sound to  appear. The following 

table shows when these consonants f i r s t  emerged and when they be— 

came stable. The f i rs t  number under each consonant indicates the 

age ( in  months) when it emerged, and the second number the age when 

(1) Hereaf ter ,  the Arabic numeral before a slash indicates the 
month and the Arabic numeral a f ter  i t  indicates the day o f  
the month. 

(2 )  This voiced bilabial fricative [ B ] ,  which evolved into /x/ 
later on, does not f i t  into the minimal phonological system 
proposed'here. 
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it became stable. 

Table l 

Emergence and stabilization of  further consonants 
in the fully developed phonological system 

ph th kh ; tsh m n 

Emer. 19 21.5 17 20 17 17 19 17 29 18 18 2 0 . 5  

Stabi. 2 2 . 5  2 2 . 5  2 2  2 2  17 2 3  2 2 . 5  17 29  18 18 2 0 . 5  

The vowels that emerged in the fully developed phonological 

system are /u/,  / y / ,  / i / ,  and /o / ,  which has the allophone [ y ]  

when occurring a f te r  a nonlabial sound or occurring a s  a word—ini- 

t ial vowel. Once these vowels were acquired, they were very stable 

afterwards, except / y / ,  which at one time lapsed into [ 1 ” ]  for the 
word " f i sh " ,  whose proper pronunciation is [ y ] .  The ages when 

these vowels appeared are given in the following table.  

Table 2 

Emergence of  further vowels in the fully developed 
phonological system 

u i y o x 

Emer. 17 .5  2 0 . 5  1 9 . 5  18 20  

The division of  Jeng Hung's phonological development into the 

minimal phonological system and the fully developed phonological 

system may appear to be rather arbitrary. However, because o f  the 

simple distinctive features involved in the minimal phonological 

system and the complex distinctive features involved in the fully 

developed phonological system, the division i s  not without justi- 

fication: in the minimal system, each o f  the consonants has only 

two distinctive features, that i s ,  [+stop]  and point o f  articula- 
tion, and each of  the vowels is distinguished from the other vowels 

by two features, [ th igh]  and [ f l o w ] ,  except /aW/, which has an 
additional feature of  [+labialized]; in the fully developed system, 
after the age o f  17 months, more consonants are distinguished by 
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more complex manner features such as  [ iaspi rated] ,  [ inasa l ] ,  

[ : f r i c a t i v e ] ,  [ i l i qu id ] ,  and [ i r e t r o f l e x ]  even though their points 

o f  articulation remain more or less the same as those of the stops 

in the minimal system, and vowels are further distinguished by 

[ i back ]  and [ i round] .  
I II . Jakobson's Laws o f  Irreversible Solidarity 

Jakobson (1968; 1971) set forth the laws of irreversible 

solidarity to account for the chronology o f  the acquisition of  

speech sounds by children, sound changes, and loss of  speech sounds 

by aphasics. Now the acquisition o f  Chinese phonology by my sons 

Jeng Wei and Jeng Hung will be discussed in the light of  his laws. 

1) Jakobson did not touch upon the acquisition o f  tones in 

tone languages. According to Li and Thompson (1976)  and Li ( 1 9 7 8 ) ,  

the acquisition o f  tones precedes the acquisition o f  segmental 

phonemes. The discussion in I I .A further points out that babbling 

has an important bearing on the acquisition o f  tones. 

2 )  In the minimal phonological system o f  Jeng Hung, the vowels 

/ i / ,  /e / ,  and /a/ form a vertical split as Jakobson predicted, but 

the labialized vowel /aw/, which developed into the diphthong /au/ 

at 1 7 . 5  months, does not f i t  neatly into the pattern, and the con— 

sonants /p / ,  / t / ,  / k / ,  and / t s /  deviate from his laws o f  f i rs t  and 

second consonantal split. 

3) The early appearance of  /k/ in Jeng Hung's minimal phono- 

logical system and /kh/ and /x /  in his fully developed phonological 

system forms a counterexample to Jakobson's law that back consonants 

presuppose front consonants. 
4 )  Jakobson's law that back rounded vowels presuppose their 

corresponding front unrounded vowels is  supported by Jeng Hung's 

early acquisition of / i /  and /e/ and late acquisition of /u/ and 

/o/. So is his law that /y/ presupposes / i/ and /u/. 
‘5) The almost simultaneous appearance of  the aspirated stops: 

nasals, fricatives except / f / ,  and the retrof lex liquid /r/ cannot 

be accounted for by Jakobson's laws.  One tentative explanation 

proposed here is that these aspirated stops, nasals, and fricatives 

except / f / ,  being identical with their corresponding unaspirated 

stops in the minimal phonological system with respect to points of  

articulation, are developed simultaneously on the basis o f  adding 

to the existent unaspirated stops one more distinctive feature 

from the different manners of articulation such as [+aspirated]: 
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[+nasa1], and [+ f r i ca t i ve ] .  The late acquisition o f  / f / ,  in the 
light o f  this explanation, may be due to the f a c t  that i t s  point o f  

articulation is  d i f fe rent  from any o f  the unaspirated stops in the 

minimal phonological system, hence the substitution o f  / f /  by the 

voiceless bilabial fricative [ a ]  in the words [iI ou]  'clothes' 
and [ée i  t ç i ]  'aeroplane' .  As for the simultaneous acquisition o f  
/r /  with aspirated s tops,  nasals ,  and f r icat ives except / f / ,  one 

possible explanation is  that the additional distinctive feature of 

[ + r e t r o f l e x ]  i s  combined with the negative values o f  these manners 

of articulation as a clear-cut opposition. 

6 )  Jakobson ( 1 9 6 8 )  pointed out that the second liquid is  one 

o f  the last  sounds acquired by the child. The late acquisition o f  

/1/ by Jeng Hung at 2 0 . 5  months, only before / f / ,  the last sound 

acquired, supports h is  view. 
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PREDISPOSITIONS FOR THE PERCEPTION OF SPEECH BY HUMAN INFANTS 

Patr ic ia K .  Kuhl, Department o f  Speech and Hearing Sciences, 

Child Development and Mental Retardation Center, University of  
Washington, Seatt le,  WA. 98195.  

The development o f  speech production and perception in the 

human infant shares certain themes with the acquisition o f  com- 

municative repertoires in animal species. Among those themes is 

the notion that infants o f  a species demonstrate predispositions 

for the perception o f  communicatively relevant acoustic signals. 

While the animal literature provides examples in which innate 

predispositions are in evidence, a growing body o f  l iterature on 

the complex role of  "normal" experience, and the e f fec ts  o f  s e -  

lective auditory exposure, in maintaining, facilitating, and in— 

ducing such behavior is accruing, leading to the hypothesis that 

infants are predisposed toward fairly simple acoustic features 

and develop the perception o f  "configurational" models only with 

experience. Two approaches to examining the role o f  experience 

in the perception o f  speech by human infants are discussed. 

Converging Themes in Developmental Neurobiology 

At the end o f  the f i rs t  decade o f  research on the perception 

o f  speech by young infants, the l is t  o f  published experiments is  
long and the speech features that have been examined is extensive 

(see Kuhl, In Press ,  for review). The common theme running 

through this work is the examination o f  potential auditory per- 

ceptual predispositions that human infants bring to the task o f  

learning language — predispositions that would direct the infant 

toward the acoustic features that are particularly relevant to 
the perception o f  speech, such as those acoustic features which 
signal the segmental and nonsegmental elements o f  the language. 

The notion that members o f  a species may be perceptually 
predisposed to attend to,  resolve more precisely, respond to,  or 

to otherwise treat differently, visual and auditory signals that 
are relevant to their survival is an old theme in the literature 
on communicative behavior in animals and humans (Lorenz, 1 9 6 5 ) .  
Many attribute stimulus prepotencies to species—specif ic neural 

mechanisms that have evolved specially for that purpose and per- 
ceptual predispositions that are innately determined. The evi- 

dence for such mechanisms is both behavioral and physiological 
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and largely stems from work on animal communication (see Schneich, 
1977 ,  for a review o f  neurophysiological data and Gott l ieb, 1976a,  
for a review o f  behavioral da ta ) .  

The discovery in behavioral and physiological experiments 
that communicatively relevant stimuli enjoy special status for the 
adult perceiver naturally ra ises questions about the development 
of  these behaviors in infants o f  the species. While the early 
theorists (Lorenz, 1965 ;  Tinbergen, 1951) s t ressed the "instinc— 
tiveness" o f  certain behaviors and underplayed the role o f  ex- 
perience, "learning" in the classical sense, or maturation in 
the development o f  complex behavior, more recent theorists 
(Gottlieb, 1976a) have stressed the complex role that experience 
plays and the variety o f  different ways experience a f f e c t s  the 
organism (Gottlieb, 1 9 7 6 b ) .  

Recent physiological evidence suggests that sensory input 
during early development has an e f f ec t  on central neural mech- 
anisms, particularly in the visual system; the responsiveness o f  
units in the visual cortex of  adults is biased by distorting or 
denying early "normal" visual experience, or by selective visual 
exposure. This physiological "plasticity" in the visual system 
can be species-specific and evidence for "cr i t ical  periods" 
exists (see Daniels and Pettigrew, 1976 ,  for rev iew) .  

The e f fec ts  o f  selective auditory exposure are less well 
known. Silverman and Clopton (1977)  and Clopton and Silverman 
(1977)  noted substantial losses in binaural interaction at the 
inferior colliculus in ra t  af ter  early monaural deprivation. 
Clopton and Silverman (1978)  demonstrated changes in the latency 
and duration of neural responses to clicks at the level of the 
inferior colliculus in rat af ter early auditory deprivation. i i  
Clopton and Winfield (1976)  further demonstrated using the rat 
that exposure during the f i rst four months o f  l i f e  to patterned 
sound (upward tone sweeps, downward tone sweeps, or noise bursts) 
increases the response of  units in the inferior colliculus to 
that pattern relative to a similar but inexperienced pattern. No 
e f f e c t s  o f  selective exposure were found in an adult population 
of  rats. _ 

Perhaps the best examples from the animal literature on the é? 
interactions between innate predispositions and experience are _ 
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to be found in the growing l iterature on song learning in the 

Passerine bird (Marler, 1 9 7 3 ) .  Certain songbirds must hear 

their songs in order to learn them but there are interesting con— 

straints on learning; the exposure must be to the conspecific 

song and i t  must occur during a "cr i t ical  period." Marler hy- 

pothesizes that song vocalization is  developed by reference to 

an "auditory template," a mechanism that i s  specif ic enough to 

detect some o f  the critical features o f  the conspecific song and 

thus direct the b i rd 's  attention in i ts  direction, but one which 

requires exposure to the song to " f i l l  in" the details o f  i ts 

acoustic structure. As Marler (1973) describes, their learning 

is  not le f t  purely to chance, i t  " .  . . takes place within a set 

of  constraints which seem designed to ensure that the learning 

bird's attention shall be focused on a set o f  sounds that is bio- 

logically relevant. . . "  ( p . 8 0 ) .  To make the songbird parallel 

even more striking, Nottebohm 33 El. (1976) have demonstrated 

functional hemispheric asymmetry for  the production o f  song in 

these birds. Using ablation techniques, they have demonstrated 

that the le f t  hemisphere controls song production in the Canary, 

but i f  ablation o f  the le f t  motor area occurs before the bird 

has passed the critical period for  vocal learning, the b i r d ' s  

song develops normally using the subordinate right motor area. 

Marler interprets these data as indicating that the innate 

direction that the infant comes into the world with is  simply 

that - a direction or guideline pointing the infant in the ap- 

propriate direction, rather than a complete "schema" of the song. 

He believes that the predispositions are toward rather simple 

stimulus features and only with continued exposure to the con- 

figuration that is  being detected does the infant develop a 

"schema" o f  the complex stimulus array. 
Predispositions for the Perception of Speech by Human Infants 

There are two ways in which the role o f  experience is  cur- 

rently being examined for the perception of  speech by human in- 

fants. One approach is to chart the course and examine the 

nature o f  perceptual changes that occur as a result of  exposure 

to a particular language. Another approach is to  examine the in— 

fan t ' s  recognition o f  abstract auditory-phonetic categories 

rather than simple stimulus features, expecting that the former 
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may reveal developmental trends. 

How does linguistic exposure modify the way in which infants per— 

ceive speech sounds? While not well understood, the perceptual 

e f fec ts  of exposure to o n e ' s  native language have been documented 

in adult listeners (Miyawaki ÊE al., 1975; Abramson and Lisker, 
1 9 7 0 ) .  Taken together with the existing data on the perception 

of speech by in fants,  these data have led to the hypothesis that 

infants discriminate al l  o f  the simple phonetic contrasts at 

birth regardless of  their linguistic environments, but that due 

to the lack o f  exposure to certain phonetic units during develop- 

ment the infant somehow loses the ability to distinguish them 

from contrasting phonetic units. 

Attempting to chart developmental changes in an in fant 's  

perception that can be attributed to linguistic exposure has re— 
ceived some attention, but we are still without a simple answer 
to the question. The evidence is fairly convincing that infants 

being reared in non-English-speaking environments are capable o f  

discriminating at least one phonetic contrast (voiceless-unaspi- 

rated /pa/ from voiceless-aspirated /pha/) that is phonemic in 
English but not in the infant's native language. Streeter (1976) 
using the sucking-habituation technique, demonstrated that two- 

month-old African Kikuyu infants discriminated the English con- 
trast in addition to discriminating a voicing contrast that is  

phonemic in the Kikuyu language but not in English (prevoiced 

/ba/ from voiceless-unaspirated /pa/) .  Lasky, Syrdal-Lasky and 
Klein (1975) demonstrated similar results for Spanish infants of  

the same age using a heart-rate technique. 

On the other hand, the case for discrimination o f  the pre— 

voiced /ba/ from the voiceless—unaspirated /pa/ by American in— 

fants is not quite as clear. Recent studies (Ei lers,  Wilson and 

Moore, 1977; Eimas, 1974) have failed to provide evidence that 

American infants discriminate pairs of  stimuli that are as close 

on the continuum as  those discriminated by the Spanish and Kikuyu 

infants. However, there are a number of problems with these 

cross—language comparisons. First ,  the stimuli are synthesized 

to manipulate an acoustic cue that is  acoustically fragile and 

is likely to be subject to variation due to the differences in 

acoustic calibration across laboratories. A more recent set o f  
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studies claims to be immune to this criticism. Using the head— 
turn technique, E i le rs ,  Gavin and Wilson ( In Press )  tested s ix -  

month—old American and Spanish infants in the same laboratory, 

but in two di f ferent studies, and demonstrated that while both 

groups discriminated the English contrast ,  only the Spanish in— 

fan ts  discriminated the Spanish contrast .  

Do infants regggnize the configurational4properties of  phonetic 
cate cr ies? Only recently have researchers attempted to find 

out whether infants are capable o f  recognizing the similarity 

among sounds that have the same phonetic label when the sounds 

occur in d i f ferent phonetic contexts, when they occur in d i f f e r -  
ent positions in a syl lable, or when they are spoken by d i f ferent 

talkers. 

A conditioned head-turn response for  visual reinforcement 

has been successfully used with six—month—old infants to t es t  

the recognition o f  phonetic categories (Kuhl, 1 9 7 8 ) .  In these 
tasks, infants are trained to make a head—turn response when one 
speech token is changed to another speech token (like from /a/ to 
/ i / ) .  During training, vowels produced by a male talker (com— 
puter-synthesized) are used; subsequently, infants are tested 
with computer—synthesized vowels produced by female and child 
talkers. The ease with which the infant generalizes to new 
exemplars from the category indicates the degree to which the 
infant perceives the similarity among the tokens from a given 
category. 

Results to date in these category-formation tasks strongly 
suggest that vowel categories are readily perceived by the infant 
l isteners. Tasks requiring the infant to recognize a change from 
the vowel category /a/ to the vowel category /i/ and tasks re-  
quiring the infant to recognize a change from the vowel category 
/a/ to the vowel category /o/  result in near perfect transfer of  
learning to the new tokens from the categories (Kuhl, 1 9 7 8 ) .  We 

have also completed studies on the categorization o f  f r icat ive 
consonants, such as / f /  v s .  / 9 / ‚  and /s /  vs .  / f /  (Holmberg, 
Morgan and Kuhl, 1 9 7 7 ) .  In general, our results suggest that the 
/a-i /  contrast is the easiest in this category-formation task, 
that the / f -6 /  contrast i s  the most d i f f icul t  one, and that the 
/a-o/ and the /s-I/ contrasts are of  intermediate dif f iculty. 
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These category-formation experiments (discussed in detail 

in Kuhl, 1978)  have two advantages. F i rst ,  one can t es t  the in- 

fan t ' s  recognition of  abstract configurational properties o f  
speech—sound categories, and second, one can test  how readily or 

eff ic ient ly the infant forms categories based on dimensions that 
are not phonetically relevant, at least in English, such as pitch 

contour or s t ress .  These techniques may demonstrate that a l l  in— 

fants recognize categories based on certain “ foca l "  auditory di- 

mensions, but that their tendencies to attend to particular acous- 

tic dimensions is modified by exposure to a particular language. 

Systematic experiments examining the perception o f  abstract 

perceptual categories, rather than simple discriminations, in at  
least two different populations in which the target acoustic 

features are chosen such that they are phonemically relevant to 

one population and not to the other are necessary before the.con- 

tributions of  innate predispositions and experience wil l  be under- 

stood in the development of  speech perception. 
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TRANSITION AND VARIATION IN CHILD PHONOLOGY: MODELING A 

DEVELOPING SYSTEM 

Lise Menn, Aphasia Research Center, Boston University 
School o f  Medicine, Boston, Massachusetts, U . S . A .  

Child phonology is  d i f ferent  from general phonology in 

several important areas.  When we t ry  to characterize those 

dif ferences we find in many cases that a set o f  phenomena which 

play a central role in the one f ield play a marginal role in the 

other. It is  quite reasonable a priori that this should be the 
case when we consider the topic o f  variation in child phonology 

versus the topic of  variation in adult phonology: the very notion 
of  acquisition implies long-term change in performance, whereas 
we assume that in the adult, the phonology is  suff ic ient ly stable 

for any change to be relegated to the limbo o f  marginal phenom- 

ena. ' 

In this paper, I will briefly review certain types o f  

variation which are prominent in child phonology, and consider 
how one might incorporate these types o f  variation in a theoretic- 

al model. We will not take up those types o f  variation that are 

prominent in both child phonology and adult phonology, such as 

registral, sociolinguistic, allomorphic, and allophonic variation, 

although a complete model must deal with those as well; we will 

keep to the more restr icted topic of  those types o f  variation 

that seem to be intimately associated with the process of  the 
acquisition o f  phonology. 

These will include, a s  mentioned, long-term changes in rules 

and pronunciations. These are orderly, one-way transitions in 

language behavior: the child learns to hit a particular phonetic 

target, or learns to render a particular sequence o f  sounds in 

accord with the adult model word instead of  producing it in some 

scrambled order. 

Acquisition studies show that there are also several types 

o f  short-term variation among renditions o f  a given word. Two 

of  these can be considered a s  being the microstructure of  long— 

term variation: transitional variation and local scatter in 

the production of  a particular phone in a phonologically defined 

context. 

Transitional variation re fers  to the vacillation between 
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well-defined pronunciations o f  a word that frequently occurs 

during the period when an old rule i s  being superseded by a new 

' ru le.  Such bimodal variation in renditions o f  a word is usually 

taken as  evidence that two rules are in conf l ic t .  Sometimes the 

changeover from old to new rules has an intermediate period 

showing transition variation, and sometimes no such period 18 

observed. 

Local sca t t e r i j sa  unimodal variability in the production o f  

a particular phone. This simply looks l ike the result o f  poor 

articulatory control compared to the adult norm: the ch i ld 's  

shots at a target more often fall wide o f  the mark. (There must 

also be a second—order long-term variation associated with local 

scatter,  since we expect to see a reduction in local scatter as 

the child matures.) 
Presently I can enumerate f ive other kinds o f  short-term 

variation. One of  these is called backgrounding (Ferguson & 

Farwell 1 9 7 5 ) .  As  they say, one portion o f  a word may be 

“deleted or drastically reduced while the child is 'working on'  

another part  of  the word." They c i te from their data one chi ld 's 

production o f  'milk' as [ Ë A ? ]  and [ A k ' ]  in the same session. I 

think we now have enough evidence from selective avoidance 

(Ferguson & Farwell 1975)  to assert  that children can and sometimes 

do monitor the quality o f  their own output; therefore, the most 

reasonable explanation of  backgrounding as  Ferguson & Farwell 

describe it i s  to assume that i t  takes place under conditions of  

high self-monitoring of  the phonetics o f  the output or the input. 

A second type of  variation which also seems to involve self» 

monitoring i s  the well—documented imitation e f f e c t :  a word may 

be pronounced very differently when i t  i s  an imitation than when 

it is produced without the adult model ringing in the child's 

ears. Frequent anecdotes report one sub—type o f  model—induced 

variation: a child will be reported to have said a word 'perfect— 

l y '  or nearly so on the very f i rs t  attempt, and then to have 

reduced i t  drastically in later renditions. One would expect to 

find parallels to backgrounding and imitation-effect variability 

in adult speech when one is attending to the sound of  the word as 

well as  i ts  meaning, while speaking. 

( I t  is also well-known that children can spectacularly fail 

to be aware of the sound of  their output, and imitation may fail 
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to induce any variation a t  al l; he or she may insist vehemently 

that what she/he said i s  the same as what the modeling adult has 

said. I t  is o f  course d i f f icu l t  to know whether the child is  

referring to pronunciation or to content in such assertions; 

metalinguistic conversations with two-year—olds tend to be un— 

satisfactory (Brown & Bellugi, 1964 :  in Brown, 1970,  p .  7 9 ) . )  

The third type o f  unexpected variation i s  again a bimodal 

variation brought about by rule confl ict, but this time it  is 

not a passing unstable phase marking the cusp—point o f  change. 

Instead, i t  seems to re f lec t  the co-existence o f  competing rules 

which may ar ise and decay a t  about the same time (Menn, 1 9 7 3 ) .  

We wi ll  re fe r  to th is  a s  rule-coexistence variation when i t  i s  

necessary to distinguish this type o f  rule-conflict variation 

from transition variation. 

A fourth interesting kind of  variation, which we will call 
floundering, can be described a s  wide fluctuation in the produc- 

tion o f  a particular model phone or string o f  phones under 

phonologically stable conditions. An example i s  Daniel Menn's 

'peach' attempts, [ i t s ]  [ d i t s ]  [ p i p s ]  [ g i k ]  [ n i t s ]  etc. (Menn 
1 9 7 3 ) .  This kind of variation I have interpreted as  being what 

happens when a child has no well—formed rule for dealing with a 

particular string o f  phones, that i s ,  where the model word does 

not meet the structural description of  any o f  the ch i ld ' s  rules, 

and where the outputs look like what would happen i f  one or 

several features o f  the model word were changed so that i t  could 

be an input to the ch i ld ' s  rules. Conceptually, floundering is 

quite distinct from backgrounding; floundering is the result o f  

trying to use rules that don ' t  quite apply, while backgrounding 

occurs when the ch i ld 's  output is  produced with less reliance on 

practicedrvlesand more attention to pronunciation as a task. 
The parallel distinction can 'be made in adult second-language 

learning. Suppose we have an American trying to pronounce a hypo— 

thetical word / n d a q a / ,  containing the unEnglish cluster / # n d /  and 

the morphologically controlled medial / n / .  Suppose our speaker 

is able to get each o f  these di f f icul t  items correct when thinking 

about i t ,  but that s/he otherwise reverts to initial /#end /  or 

/ #d /  and to medial /qg / .  The variation between /q /  and /qg/  (and 

also between /#nd /  and either of  the two wrong pronunciations) is 

controlled by the amount o f  attention that it gets: this is 
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backgrounding. On the other hand, the variation between /#end /  

and / # d /  for / # n d /  is floundering: it is a random choice among 

sounds which have a close resemblance to the diff icult target. 

Finally, some young children show lexically controlled 

variation. Here, certain words show great variation in the 

production o f  some or all their sounds while other words that 

have similar adult models show much less variation. Jacob (Menn 

1976) had a much greater variability for the /æwn/ sequence in 

'down' than for the same target in 'around'. This also has 

parallel at the margins o f  adult phonology: consider for example 

the great variety o f  sounds permissible ( a s  expressive variants) 

for the 'phoneme' /o /  in the word ' n o ' .  This variety is not 

found in renditions o f  the same phoneme in the word ' know ' .  

We have named seven types of  variation o f  special interest to 

child phonology. Now, by a 'model' o f  a phonological system, I 

mean a flow chart which specifies roughly what information is 

stored, what is used in real  time, and how the dif ferent pieces 

are brought together to specify the articulatory instructions 

needed to produce a word. How can these seven types of  variation 

be represented in such a model? 

The most important capability to be added to extant models 

actually i s ,  I think, one that has not been explicitly mentioned 

so fa r ,  since i t  manifests i tself  indirectly. Child phonology 

models almost all represent the steady state: the rule or word 

is established. These models need new apparatus to simulate what 

happens when a new word is  being tried or a new rule is  being 

formed, for practiced behavior is very different from novel 

behavior. This familiar-novel distinction seems to be related to 

the distinction that we have already invoked between monitored and 

automatic behavior, but they are not the same. To deal with both 

novelty and attention, models will have to allow more than one 

route from adult word to child word. We could say that one route, 

the one used most frequently, would represent automatic, over— 

learned behavior, and other routes would correSpond to the special 

cases when at least part of a word is not being produced under 

automatic control. We can make this more explicit by considering 

an available child-phonology model. 

Suppose we use a two-lexicon model similar to the one in 

Kiparsky and Menn ( 1 9 7 7 ) ,  concerning ourselves with the part of  

MENN 173 

i t  that would run: adult form + (perceptual strategies) + phonetic 

representations.perceived by child = input lexicon + (reduction 
rules) + encoded art iculatory_representations = output lexicon + 
(motor routines) + ch i l d ' s  output form. The input lexical entry 

represents the ch i l d ' s  encoding o f  his/her percept o f  the adult 
word, the output lexical entry represents an encoding o f  articu- 

latory instruction, and the reduction rules relate the two lexi- 

cons.1 We can modify such a model to allow for non-automatic 

speech production by adding routes from the input lexicon (percept 

o f  model word) to the output side (pronunciation) that bypass the 

output lexicon and some o f  the rules that lead into and out o f  i t .  

This would represent an attempt to give a spontaneous rendition o f  

a known word without most o f  the automatic apparatus, and might 
represent what goes on during wordépractice. To represent imita- 

tion, we would also add routes from some point(s) among the per- 
ceptual processing routines that would bypass both lexicons and 

feed into some points among the articulatory routines. 

The variation in the points o f  beginning and ending of  these 

bypasses would re f lec t  the degree to which established perceptual 

and articulatory routines were employed in the utterance. 

(Presumably, the more that one monitors, the more habits o f  per- 

ception and production can be overcome.) 

I t  seems, then, that some aspects o f  transition (rule change), 

backgrounding, and imitation-effect variation can be modeled by 

the addition o f  these new processing ' rou tes '  to a K & M-type 

model. It  turns out only a few more entities are required to 
adapt this model or i ts  descendants to represent the other four 

types o f  variation that we have discussed. 

Coexistence variation can be simulated by letting both o f  

the competing reduction rules operate on each applicable input 

lexical item, thus generating two forms in the output lexicon 

corresponding to each o f  those input forms. Either o f  those 

forms could be translated into output any time the child said the 

word. I f  the probabilities that the two forms both occur are not 

equal, some notion o f  the 'strength' o f  a lexical entry must also 

be added, so that one could say that the stronger entry is the 

(l)  The recent revision o f  the K & M model presented in Menn 
1977 would allow a clearer formulation of  some o f  the 
following discussion, but occasions no major dif ferences. 
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one produced more frequently. 
Transition variation would also be represented by having two 

output lexical entries, one generated by the older rule and one 

by the new rule. A s  we have implied, we can model the loss o f  

This 
some output lexical entries from their input 

a rule by removing it from the set o f  production rules. 
will 
lexical entr ies.  

'disconnect' 
(Transition variation would thus not be rule 

competition, as we stated above, so muchaas competition between 

two output lexical entr ies.) Since new rules normally spread to 

older words, we might hypothesize that the 'disconnected' output 
lexical entries lose strength and fade away. However, we know 
that some lexical entries which clearly do not have live support, 

such as phonological idioms and fossils (words which inexplicably 
resist  rule changes), do not fade in the usual way but remain 

vigorous for long periods. I f  the ' fad ing '  notion is used, we 

require special apparatus to handle phonological idioms and 

foss i l s .  Several have been proposed (see  Macken 1978)  but we 

cannot pursue that topic here. 

Local scatter does not involve lexical entries a t  a l l ,  but 

has to do with the lowest output processing levels: we shall 
assume that i t  occurs when articulatory instructions for a phone 

_ a r e  executed with more tolerance than they would be by an adult. 

Lexically controlled variation, on the other hand, requires, 

obviously, a special entry in the output lexicon just  as phono- 

logical idioms do, and in addition this entry must specify 
special articulatory instructions rather than the general output 

routines or in addition to them. 
The remaining form o f  variation that we have discussed is 

floundering. 

rule-input that is ill—formed. 
The basic situation in floundering seems to be a 

The proper analysis o f  a given 

case, however, may depend on the whole rule-structure, because 

there are several ways that this could happen in the present type 

of  model. There are two relevant loci:  the input lexical entry 

could fai l  to meet the structural description o f  necessary re— 
duction rules, or the output lexical entry could fail to be of  the 

proper form for the articulatory instructions to handle. In 

addition either case o f  ill-formedness might be better modeled by 

overspecification, underspecification, or some other type of  mal- 
formation. Further elaboration of  the psychological interpre- 
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tation of  this or similar models o f  child phonology will be re— 
quired in order to make a principled choice among these alterna- 
tives. 

To conclude: certain types o f  variation are intimately and 
essentially involved with learning to pronounce. As we build 
richer models o f  child phonology, we can incorporate them without 
undue di f f icul ty.  Regardless of  how easily we can draw new lines 
and l i t t le boxes, however, one problem about transition and varia- 
tion remains very diff icult. How does a new linguistic behavior 
cease to be ef fort fu l  and become automatic? 
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SPEECH SOUND CATEGORIZATION BY CHILDREN 

Paula Menyuk, Applied Psycholinguistics, Boston University, 

Boston,  M a s s . ,  USA 

Clearly acquisition of  the structural properties o f  language 

takes place via a process of segmenting and then categorizing the 

segments of  the language heard into units which can be used to com- 

prehend and generate unique utterances. Equally clear ly,  the f i rs t  

aspect o f  language that is  used by the hearing adult and by the 

infant to segment and categorize utterances is the acoustic speech 

signal. Unlike the adult, however, who has already determined what 

the "appropriate units" are and can by—pass much o f  the surface 

structure o f  the utterance, the infant must rely heavily on the 

signal to come to conclusions about appropriate segmentations. 

She must a lso rely heavily on contextual cues to re la te  the seg- 

ments o f  the signal to objects and events in the environment. De- 

spite the fact that common sense tel ls us that the above must be 

the case ,  we are ,  at the present time, st i l l  unclear about what 

these segments are and what the bases for categorization o f  segments 

are either initially or over time a s  the child matures. Indeed, 

controversies s t i l l  ex is t  in the l i terature on this issue for the 

adult as well as for the child. In this paper varying hypotheses 

concerning the nature o f  and bases for speech sound categorization 

by the child and i ts  role in language acquisition will be examined 

in light of  theories on adult language processing and the data on 

the speech processing behavior of  the infant and young child. 

Theoretical Descriptions o f  Processing 

The segmentation o f  continuous speech has been described by 

linguists as being hierarchical and nested. That i s ,  a message can 

be characterized as a type of  speech ac t .  The message can contain 

a sentence or sentences and these contain phrases which are made 

up o f  morphemes. Morphemes are composed o f  syllables which are 

made up o f  speech sound segments each o f  which represents a bundle 

of  features. I f  this were a psychologically real description of 

language processing as well as o f  elements o f  language then the 

listener would determine categories o f  segments in a sequence with 

each lower step of the sequence dependent on the immediately higher 

step since higher steps indicate units o f  analysis. Speech sound 

segment categorization would take place at the end o f  the sequence 
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and require resolution o f  the bundle o f  features. Varying descrip- 

tions based on this hierarchical model have been labelled "analysis 

by synthesis" (Cooper, 1 9 7 2 ) .  I t  might be logically argued from 

this model that since speech sound categorizat ion or identification 

is  comparatively late in the sequence o f  on-line processing then 

it  must also be late in the sequence of  acquisition of  the struc- 
tural properties o f  the language. 

The above model o f  language processing has been deemed inade— 

quate in accounting for  either real-time processing o f  speech by 

the adult or for the observed sequence o f  acquisition of  structural 
properties by the child. Since earl iest utterances are sequences 

o f  speech sounds marked prosodically and the infant does not appear 

to understand anything more about utterances than their affect ive 

intent, i t  cannot account for behavior during the early babbling 

period. The model does not account for subsequent language behavior 

_ s i n c e  even then the child does not evidence any knowledge of  any 

of  the postulated higher categories ( i . e .  sentence, phrase and 

morpheme). An alternative description of  both processing and the 

sequence o f  acquisition is  a bottom—up model or "synthesis by ana- 

l ys i s " .  With this model speech sounds are differentiated and cate- 

gorized,then grouped into higher level categories in a sequential 

manner during speech processing. In acquisition, speech sounds 

are differentiated and categorized by a process of  imitation and 

sound approximation which is  rewarded. These sounds are then com- 

posed into words by the same process and by associating phonological 

sequences with objects and events. Larger units o f  an utterance, 

phrases and sentences, are composed by putting together smaller 

units via a chaining process (Staats ,  1971) .  This description 

suggests that the earl iest analysis in processing and the earliest 

structural acquisition are segmental speech categories although 

the nature of  these categories is not defined in the model. 

Not only is  there a substantial amount o f  evidence to indicate 

that this model does not adequately describe adult language pro- 

cessing (Fodor e t  a l . ,  1 9 7 4 ) ,  but, a lso,  i t  is  di f f icult to see 

how the analysis o f  speech sounds one by one in a sequence can lead 

to decisions about where crucial boundaries lie and, thus, to a 

determination o f  meaning. For these same reasons a synthesis by 

analysis model seems inadequate in accounting for language acquisi- 

tion. Although there is evidence that in early care-giver-child 
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communicative interaction, segments and boundaries are made much 

more salient than they are in adult-adult communication (Newport, 

1 9 7 6 ) ,  there i s  no evidence that the child, in the process o f  acqui- 

sition, adds sequentially to segments by chaining bi ts together or 

that the child merely imitates input structures. On the contrary, 

the child appears to be only able to attend to and generate certain 

aspects of  utterances a t  certain periods o f  development regardless 

o f  input structure and these aspects are not sequential bits o f  

adult utterances. 

St i l l  another description suggests that perception and genera- 

tion of  connected speech is a parallel process; i . e .  one involving 

all components of  the language simultaneously. In the process 

chunks of  the message, probably phrases, are subjected to analysis 

and rough estimates are made o f  the phonological composition o f  the 

morphemes in the phrase to corroborate hypotheses about the meaning 

of the phrase and then other phrases i f  more than one is contained 

in the utterance. An exact representation o f  the phrase can be 

kept in mind until analysis is  completed so that needed corrections 

on this estimate can be made (Garrod and Trabasso, 1 9 7 3 ) .  The child, 

during the process o f  acquisition, would analyze the data in the 

same fashion. The distinctions between the child and the adult are 

in the amount o f  information chunked for analysis, the much heavier 

reliance on the part of the child on contextual cues for analysis 

and the process of chunking i tsel f  since segmentation strategies 

would change as more structural knowledge o f  the language is ac— 

quired (Menyuk, 1977 ,  Chap. 5 ) .  For example, an early chunking 

strategy might be to ignore everything in the signal except those 

sequences that signal main relations o f  actor and action or action 

and ob jec t .  Components o f  the relation would be grossly analyzed 

for lexical look-up. However, analysis o f  the phonological seg- 

ments per se would not be needed for comprehension. Since the 

parallel processing requires analysis of segments only when correc- 

tion o f  rough estimates is required i t  might, again, be logically 

argued that speech sound segment categorizations would be later 

acquisitions than morpheme categorizations. 

The above are theoretical descriptions of  adult language pro- 

cessing and theoretical descriptions of  the process of  language 

acquisition. In conjunction with these are descriptions which are 
concerned with phonological acquisition only. This acquisition has 
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been described a s  a process o f  f i rst discriminating between the 

speech sounds o f  the language, then categorizing these distinctions 

in terms o f  articulatory gestures. These discriminations are based 

on distinctive feature differences between speech segments. Early 

distinctions are determined by feature detectors that are pre- 

programmed in the auditory system of  the human infant (Eimas, 1974) .  
These might be termed primary features. Finer distinctions are 

then made both in perception and production and are  probably a f -  

fected by particular language experience. However, given the uni- 

versality o f  the speech processing abilities o f  normal infants, 

both perceptually and productively, there i s ,  to  some extent, uni- 

versality in the sequence in which distinctions are made. This 

universality is confounded by the particular data the child is con- 

fronted with; i . e .  the language of the chi ld 's community and even 

family. Thus, the universal order is  modified by the perceptual 

and productive problems a particular language poses for the child 

and by the interactive sty les,  lexical select ions, e t c .  o f  a par- 

ticular family. Individual differences become more marked when 

standard lexical items in a particular language begin to be used. 

Data on Early Speech Processing 

0n the face o f  i t  there appears to be a logical gap between 

theories o f  language processing and o f  language acquisition and 

theories of the development o f  the phonological system. The latter 

suggest very fine analysis o f  the signal on the segmental level in 

terms of  distinctive features, whereas the former suggest rather 

gross analyses dependent on higher level categor ies.  There are 

also large differences between the findings o f  studies carried out 

at  different periods o f  early speech processing behavior. One of 

the primary reasons for these gaps between theories of  language 

and speech acquisition and between the findings o f  studies o f  speech 

processing and the conclusions drawn from them may be not main- 

taining a clear distinction between what the infant and child can 

do and what they ordinarily do; i . e .  a capacity versus performance 

distinction. The data collected thus far on early speech processing 

indicate that the very young infant ( l  to 4 months) as well as the 
very young child (under two years) can discriminate between speech 

sound segments that vary in terms of  a single distinctive feature. 

There also appears to be a hierarchy in the features that can be 

distinguished both perceptually and productively. Thus, during 
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the cooing and babbling periods some fea tu res  appear to be more 

perceptually salient than others and this a lso  appears to  be the 

case when the task is  distinction o f  minimal pair nonsense syl lables. 

Similarly, segments containing cer ta in features are  real ized before 

segments containing other features in babbled utterances and then 

in morpheme production. However, there i s  not an exact correlation 

between the order of  perceptual and productive dist inct ions made, 

and individual dif ferences in the exact  sequence o f  features and 

segments distinguished can be observed. 

What seems to be suggested by these data i s  that distinctions 

can be made on the basis o f  distinctive features by the infant and 

young child i f  the question is put to them in a way in which these 

in a small enough context that 

A l s o ,  

required in the task must be part o f  the ch i ld ren 's  behavioral re— 

distinctions are made c l ea r ;  i . e .  

i s  non-distracting such a s  nonsense-syllables. the response 

pertoire. For example, they must have suf f ic ient  memory to recal l  

the stimuli presented. Finally, there are some features that can 
be distinguished before others. However, discrimination between 

features does not imply that categorizat ion o f  segments has taken 

place in terms o f  bundles o f  features nor does the capacity to  dis- 

criminate between features imply that this i s  what children do when 

they l isten to speech and attempt to match articulatory outputs 

Indeed, a l l  the data indicate that 

during the babbling and early lexical acquisit ion periods distinc— 

to stored representations. 

tive feature di f ferences are not act ive ly  employed in determining 

meaning o f  utterances or in generating ut terances.  

During the babbling period perceptual processing o f  continuous 

speech seems to be primarily based on the supra-segmental aspects 

o f  the speech signal and contextual cues .  Some time toward the end 

o f  this period recognition o f  a small set  o f  lexical  items is  ob- 

served and s t i l l  later production o f  word approximations begins. 

The lexicon o f  the child at this time i s  quite small. I t  i s  entire- 

ly reasonable to suppose that both lex ical  recognition and genera- 

tion are based on syllabic representations o f  morphemes. In other 

words, speech processing is  taking place on the basis o f  the mor- 

pheme and this may be the minimal unit for categorizat ion of  speech 

information. The meaning o f  a phonological sequence, i t s  gestalt  

phonological representation as a syllable or reduplicated syllables, 

supra-segmental features of  intonation and contextual cues appear 
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to be a l l  that i s  needed or used to comprehend or generate utter- 
ances during this time (Menyuk and Menn, in p r e s s ) .  

Again, this is  what children appear to do in on-line processing 
of  speech during these early periods o f  development, although, at 

this time and long be fo re ,  they are capable of  discriminating be- 

As the 
lexicon grows and a s  structural knowledge increases constraints on 

tween speech sounds on the bas is  o f  feature distinctions. 

memory probably make segmental di f ferentiat ion and categorization 

necessary. When this occurs an available competence is actively 

employed. However, segmental dif ferentiat ion and categorization 

Thus, 

although the ability may be increasingly used a t  later periods o f  

may be needed only rarely to comprehend continuous speech. 

development i t  s t i l l  may be used infrequently. Research shows that 

even 3 and 4 year-old children f i r s t  use morpheme information to 
di f ferentiate between phonological sequences and only use segmental 
information with some exertion when morpheme information is und 

At 
present, l i t t le  i s  known about when reference to segmental informa— 

available; i . e . ,  with nonsense syllables or unknown words. 

tion is used without marked exertion. Such ability i s ,  o f  course, 
required in learning to  read alphabetic tex t .  One would assume 
that this ability develops gradually and that there would be indi- 
vidual d i f ferences or group variations due to  language experience 
in the ages a t  which this ability manifests i tsel f  (Savin, 1 9 7 2 ) .  
Conclusions 

The theoretical description of  the processing o f  language 
which appears to most  adequately describe the sequence o f  acquisi- 
tion o f  the structural properties o f  the language and to best  f i t  
the data on infants and young children's speech processing is  one 
o f  parallel analysis o f  chunks o f  continuous speech. Initially 
the chunks the child can process are short in duration, linear in 
arrangement and involve primarily surface structure information. 
Reference is  made to gesta l t  representations o f  surface acoustic 

Thus,  

As the child matures the chunks that can be processed simultaneous- 

information to derive meanings. the analyses are quite gross. 

ly at all levels (semantic, syntactic and phonological) increase 
in duration and, as  structural knowledge grows, recursiveness 
within chunks can be processed and the analysis becomes more de- 
tailed or di f ferent iated.  The speech signal must be held in mind 
and represented to allow analysis using whatever structural know— 
ledge is  available. I t  has been suggested that this representation 



182 SYMPOSIUM No. 3 

or categorization o f  speech is  initially acoustic images of  mor— 

phemes and/or syllables and only later in terms o f  segments and 

features o f  segments. This appears to be the case even though the 

infant is  capable of discriminating between minimally di f ferent 

acoustic features. In summary, the model that appears to be most 

descriptively adequate is  not a "top-down" or "bottom—up“ model but, 
rather an "outside-in" model (Menyuk, 1 9 7 7 ) .  
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SOCIAL FACTORS IN SOUND CHANGE: Summary o f  Modera tor 's  Introduction 

Einar Haugen, Department o f  L inguist ics,  Harvard Univers i ty ,  Cam- 

br idge, MA 02138 ,  U . S . A .  

The papers o f f e r e d  in this symposium may be divided into "the— 

ore t ica l "  and "empir ica l " ,  even though o f  course both types o f  re- 

search are represented in al l .  The papers by Birnbaum, Fénagy, and 

Malmberg are primarily theoret ical ,  Brink/Lund, Labov, and Peng pr i -  

marily empirical. 

Birnbaum o f f e r s  for  discussion a model o f  l inguistic change 

originated by Henning Andersen, in which the key word is  “abduc- 

t ion" ,  especial ly applicable to the process o f  l inguistic decoding. 

Birnbaum is cr i t ica l  o f  certain aspects o f  this model, especially 

i t s  implication that a speech community may be homogeneous o r  con- 

s i s t  o f  neatly separable generations. 

Fénagy is concerned with the idea of fered by some that into— 
nation is a non-arbitrary, naturally motivated phenomenon. To dis— 

prove this he o f f e r s  samples from French and Hungarian o f  how in— 

tonations can change their signif ication over time and become ar- 

bitrary expressions associated with part icular socia l  groups. 

Malmberg takes as h is start ing point his own earl ier studies 

o f  the Parisian vowel system, in which he found an "é ta t  de langue" 

which included two systems, a "maximum" and a "minimum" system o f  
vowels between which the Speaker could choose. The "minimum" system 

represented a simplif ication, which Malmberg attr ibutes primarily 

to "peripheral" learners o f  the language, whether they be socially 

or geographically marginal, i . e .  lower c lass or colonial, the lat- 

ter exemplified by Spanish in the Americas. Ë '  

Brink and Lund (he re  Brink/Lund) have completed a massive 

study o f  Copenhagen Speech from 1840 to  1955 ,  based on the record— 

ed  voices o f  speakers born between these dates. Their researches 

have uncovered some 6 0  phonetic changes (which they call "sound 

laws")  that characterize this period and permit them to c lass i fy  

their speakers into two groups, according to whether they speak 

"high" or " low" Copenhagen. 
Labov 's  paper sums up some o f  the conclusions at  which he has 

arrived on the basis o f  his classic studies o f  Martha's Vineyard 
in Massachusetts, the Lower East  Side o f  New York Ci ty ,  and the c i ty 

o f  Philadelphia. He has been a pioneer in developing a technique o f  

selecting "socia l  markers“ which permit him to place speakers rather 

accurately on the socioeconomic scale. 
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Finally, Peng presents a summary o f  his studies o f  the lin- 

guistic changes in the city o f  Tsuruoka in Japan, data gathered by 

his colleague Nomoto in the years 1950 and 1971, in many cases from 

the same informants. Out o f  this material he has drawn conclusions 

that reduce the time span within which one can observe linguistic 

change even more drastically than Labov: he contends that it is  pos- 

sible to identify linguistic change within a single generation. 

Each o f  these papers brings something to the elucidation o f  

a problem that has ba f f led  linguists ever since the regularity o f  

sound change was firmly established early in the nineteenth cen- 

tury. The causes of  sound change were vainly sought in everything 

from climate to human physiology. Until recently linguists were 

convinced that change was so slow that i t  was inaccessible to di- 

rec t  observation. Diachronic linguistics became the study o f  the 

pas t ,  historical and even paleontological, while a synchronic lin- 

guistics sprang up which was based on assumptions o f  heuristic sta— 

bil ity and uniformity, as language might wishfully appear to the 

prescriptive grammarian. 

The Prague School declared that the ideal standard language 

should possess both stability and elast ici ty, i . e .  i t  should be 

flexible enough to change and ye t  conservative enough to seem un- 

changing. They did not realize that this paradox could and must ap- 

ply to every variety o f  human language; i ts latest synonym is La— 

b o v ' s  expression in describing his concept o f  language: "orderly 

heterogeneity". He opposes this to Chomsky's "ideal homogeneity", 

but in f ac t  his variable rules are a formalization o f  the concept 

o f  "elasticity", while categorial rules reflect ”stability". Ques- 

tions have been raised about the stat ist ical nature o f  variable 

rules: how can a speaker know that he is going to use one sound 66% 

o f  the time and another the remaining third? 

Part  o f  the answer comes from the painstaking analysis by Brink 

and Lund of  the recorded materials from Copenhagen. They have of -  

fered no s ta t is t i cs ,  but in their big book (unfortunately available 

only in Danish) they have traced from decade to decade how certain 

changes arose, how Speakers vacillated from one to the other form, 

and how new generations resolved the confl ict by choosing one or 

the other of  the alternatives. I t  is clear that the concept o f  

"choice" with which Malmberg operates has been at work, but it is 

not clear that i t  has been a choice between two or more coherent 

levels o f  speaking. Even with the masses of data now being accumu- 
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lated in such studies, including Labov's and Peng ' s ,  we are far  

from knowing why these choices are made, either individually or 

col lectively. Such a study would be an infinite regression going 

far  beyond the realm o f  l inguists' competence, especially i f  the 

goal were to construct some kind o f  predictive model that would 

tell us what kind o f  changes the future will bring. Brink/Lund's 
material shows clearly that a t  any given point in time there is a 

great deal o f  unstructured heterogeneity, vacillation which may 

either lead to innovation or regression. 

Our contributors d i f fer  sharply on certain crucial aspects 

o f  the problem. Brink/Lund flatly 
changes occur between generations 
from children, who - under mutual 

up a few o f  their originally many 

guage)" .  They re fe r  to recordings 

5 0  years apart in which one could 

assert that regular "sound 
( in our opinion innovations come 

influence - retain while growing 

deviations from the adult lan- 
o f  the same persons from 30 to 

detect virtually no change. A- 

gainst this Peng claims that the'changes passed on are those that 

young people have developed up to the age o f  3 5 ,  when they commu- 

nicate them to their children. Against these extreme views we may 

place Birnbaum's judicious remark that there is a “continuous pat- 

tern-setting e f f e c t  o f  parents on children, teachers on students, 

leaders on fol lowers, older on younger playmates and fellow work- 

ers,  more prestigious on less prestigious...". 
There is  also some difference o f  opinion on the role played 

by social classes and other groups in the activation o f  change. 

Labov has found that the upper working or lower middle c lass leads 

in changing, while Brink/Lund hold that in general the lower clas- 

ses o f  Copenhagen have been in the lead, as being the major i ty,  i f  

not the most prestigious socially. The difference may be more ter— 

minological than real,  for i t  is hard to compare the finely graded 

scale o f  socioeconomic status developed by Labov with Brink/Lund's 

linguistic division o f  the entire population o f  Copenhagen into 

two groups, the H-speakers and the L-speakers. On one point all are 

agreed: that women have more H-features than L-features, though 

Brink/Lund will not grant that there is  a special female sexolect. 

Both Peng and Malmberg emphasize that i t  is not language that 

changes, but people who change language. This is clear enough when 

we speak of the adeption o f  new words or the learning o f  new dia— 

lects and languages, but for phonology the functioning is so auto? 

matized and deeply embedded in the subconscious that it has been 
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dif f icult  to find any clear social causes for specif ic changes, 

e . g .  Umlaut or the Germanic consonant sh i f t .  

I would suggest that we do know a good deal about the causes 
o f  sound change, but we have made l i t t le progress in predicting 

i ts results. But a t  least we now have techniques and instruments 
that enable us to catch i t  on the wing and study i t  while i t  is 
going on. We s t i l l  have a long way to go before we can learn to 
control i t ,  i f  we should ever wish to do ‘so .  In this respect we 
are no worse o f f  than any other social science. 
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ONGOING SOUND CHANGE AND THE ABDUC'I‘IVE MODEL: SOME SOCIAL 

CONSTRAINTS AND IMPLICATIONS 

Henrik Birnbaum, University o f  California, Los Angeles, USA 

Underlying the present discussion o f  some aspects o f  sound 

change is the notion that language not only, as energeia, (o r ,  

explicitly, as a set o f  largely automatized processes definable 
in more or less accurately phrased ru les ) ,  i s  susceptible to for- 

mal analysis o f  some degree o f  descriptive adequacy and explana- 

tory power but that, in addition, i t  can be conceived o f  as an 

inherent and integral part o f  human thought and imagination. 
Adopting the latter point o f  View, language can be said to form a 

conceptualized (verbalized) mirror image o f  mental activit ies ( c f .  

the notion o f  language as the primary modeling system, elaborated 

in Soviet semiotics). The former approach, concerned with build— 
ing models o f  linguistic structure (or  parts thereo f ) ,  views lan- 

guage as a — particularly sophisticated — semiotic subsystem 

(operating within the parameters set by i t s  specific neurophysio- 

logical premises) and strives to explain its functioning in this 
capacity. The other kind o f  inquiry into the nature o f  verbal 

communication places the chief emphasis on language as a cultural 
manifestation o f  the human mind ( in the sense o f  Geisteswissen— 

schaft)  and seeks to understand i t s  performance in society. The 

former approach may be termed generative (in the broadest meaning), 
the latter hermeneutic. Both, i f  applied pragmatically and with- 
out any ËÊ hog constraints, have a sociolinguistic dimension. 

It is a fairly common View that sound change takes place 
gradually in a series o f  minimal, barely noticeable adjustments 
and modifications at the phonetic (subphonemic) level and that it 
is only at the functional or semantically distinctive (phonemic) 
level o f  sound production and, in particular, perception that the 

impression o f  abrupt sound change obtains. 
Some years ago, Andersen ( 1 9 7 3 ) ,  while crit ical o f  'standard' 

TG phonology but adopting a broadly generative approach to lin- 
guistic inquiry in terms of  positing specific speaker/hearer 
'grammars', i . e . ,  sets o f  rules generating acceptable sound 
sequences (utterances), proposed an intriguing model o f  phonologi- 
cal change. In addition to induction and deduction, he intro- 
duced, following Peirce, a third mode o f  inference termed abduc- 
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tion. Applying deduction and abduction specifically to sound 

change, Andersen (1973 ,  7 7 7 ,  fn .  13) points to the "unique role 

o f  abduction . . .  vis-à-vis the other modes o f  inference, which 

merely test what has been arrived at by abduction" and suggests 

that "one can evidently describe the process o f  encoding as essen- 

tially deductive, and that o f  decoding as abductive". In closing, 

he submits (1973, 791) that while early structuralism (Jakobson) 

"could insist only that every phonetic innovation be interpreted 

in terms o f  the system that undergoes i t  . . . ,  it i s  [now] possi- 

ble to interpret every phonological innovation — abductive or 

deductive — in terms o f  the system that gives EÈÊÊ to i t " .  

In a subsequent paper, Andersen (1974,  esp. 2 5 - 6 ,  4 1 ) ,  in 

discussing and summarizing his typologies of  innovation in the 

content and expression systems o f  language, distinguishes between 

adaptive and evolutive innovations, with the former subclassified, 

on the expression plane, into remedial and contact innovations; 

the evolutive innovations are subdivided into deductive and abduc- 

tive, with the abductive innovations o f  the expression plane fur- 

ther specified as pertaining either to the phonemic system ( a) 

feature valuation, b)_segmentat ion,  c )  ranking), or to pronuncia- 

tion rules. In a more recent study, with his theoretical reason- 

ing again firmly grounded in Slavic diachronic and dialectal data, 

Andersen (1978,  section 4 . 2 )  arrives at the conclusion that we 

must "acknowledge that conceptual factors take precedence over 

perceptual or articulatory ones in determining how a phonological 

system may be changed as it is transmitted from generation to gen- 

eration . . .  and recognize that it is the structuring principle of  

linguistic form — the fact that the Speech signal must be segmen— 

ted, that distinctive features are binary, and that they must be 

ranked - and not the articulatory or acoustic or perceptual sub- 

stance that shape i ts historical development. We are led to con- 

clude that the ultimate source o f  dialect divergence — and o f  lin- 

guistic change in general — is  the process o f  language acquisi- 

tion, in which the speakers o f  a language impose form on the fluc— 

tuating and amorphous substance o f  speech.“ Novel and incisive 

though these formulations are, they not only allude to Jakobson's 

views about DF analysis and language acquisition, but in their 

reference to form and substance, content and expression also echo 

some o f  the basic tenets of glossematic theory. Yet ,  essential- 
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ly, the abductive model o f  sound change, pertinent, above a l l ,  to 

the decoding process, i s  o f  course Andersen's,  at least as consis- 

tently formulated by him and solidly underpinned by theoretical 

considerations. The model implies that the output o f  'grammar 1' 
serves as the input to 'grammar 2 '  which in turn yields a reinter— 

preted 'output 2 ' ,  slightly, yet significantly different from 

'output 1 '  ( l  and 2 here symbolizing successive generations); c f .  

esp. Andersen (1973) ,  767 and 7 7 8 ,  f igs. 1 and 2 .  
It should be noted, however, that observations and infer— 

ences o f  a similar kind have been made with regard to phonologi— 

cal change also prior to Andersen's sketching o f  his model of  

abductive innovation in phonology, as well as after the appear- 
ance o f  his f i r s t ,  seminal paper on the subject .  As an example 

o f  the latter —-arr ived at independently, i t  seems — may be quo- 

ted some remarks made by Hetzron in discussing two principles o f  

reconstruction in genetic linguistics. Thus, Hetzron (1976, 96) 
writes: "In diachrony . . .  what is transmitted from generation to 
generation is not the structure, but a set o f  data which is ana- 
lyzed by the child acquiring the language so that he could estab— 

lish a structure for his own use. Language change is precisely 

justified by the fact that a subsequent generation may analyze 
the facts perceived by learning the language from the older gen- 

eration, and this may eventually require some adjustment in the 

fac ts ,  some modification o f  the perceivable data".  To be sure, 

Hetzron's formulation is less precise than Andersen's in addition 

to being couched in traditional structuralist ('taxonomic') 
rather than in broadly generative terms. But in essence, this is 
in line with Andersen's more elaborate and tightly argued model 

o f  phonoloqical innovation.1 ' 
When stating his premises, Andersen (1973, 767) wrote: 

"What is needed is a model o f  phonological change which recogni— 
zes ,  on the one hand, that the verbal output o f  any speaker is 

determined by the grammar he has internalized, and on the other, 
that any speaker's internalized grammar is determined by the ver- 
bal output from which it has been inferred." And he qualified 

(1) For an earlier comment on the similarity of  Andersen's and 
Hetzron's reasoning and a f i rst  criticism of a shortcoming 
they, in my opinion, share, see Birnbaum (1977) ,  28—30. 
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his theoretical framework by adding the crucial requirement: 

"The model that is  needed must show how phonological innovations 

can arise in a homogeneous speech community . . . "  While the broad— 

ly generative (and logic) premise sketched seems most useful 

indeed, the formulation o f  the sociolinguistic condition is some- 

what questionable (his reference to Labov's definition notwith- 

standing). What, in f ac t ,  i s  a homogeneous speech community? 

And what exactly is meant when Andersen (like Hetzron) speaks 

about the transmitting o f  a phonological system (or a set o f  data) 

from generation to generation? As I had an opportunity to cau- 

tion (Birnbaum, 1977, 3 0 ) :  " . . .  the transmission o f  a linguistic 

system or subsystem (or a grammar or grammatical component genera— 

ting this system or subsystem) from one generation o f  speakers to 

the next must not be conceived o f  in all too rigid, mechanistic 

terms since the distinction of  successive generations in any real 

speech community is  never very clear-cut and easily ascertainable." 

Put differently, even though sound change in reality —-on the pho- 

netic level, accessible to physical scrutiny and measurement — 

occurs gradually and i t  i s  only on the more abstract phonemic 

level that one sound, at some point, simply replaces another, it 

is nonetheless a fact  that, given the passage o f  time, an actual 

sound shift (e .g . ,  e > a, ou > u; d > t, R > 5) is ascertainable 
also at the phonetic level. How do such phonological changes 

come about? Surely not as a result of  any simultaneous gradual 

adaptation by each entire membership o f  a number of  clearly defin- 

able consecutive generations. Obviously, a real speech community 

is never truly homogeneous, nor does it consist  o f  a limited set 

o f  neatly separable generations. 

Considering the interpenetration o f  synchrony and diachrony 

— in phon010gy, ongoing sound change — - i t  would seem more realis- 

tic not to posit a limited set o f  coexistent generations at any 

given time (as is implied in Andersen's abductive model as well 

as in Hetzron's informal reasoning) but rather to assume the con— 

tinuous pattern—setting e f fec t  o f  parents on children, teachers 

on students, leaders on followers, older on younger playmates and 

fellow workers, more prestigious on less prestigious population 
groups, etc. ,  all interacting at various ages and stages of  their 
development. While such a View o f  society and language does not 
vitiate the validity o f  Andersen's abductive model o f  sound 
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change altogether, it certainly makes his scheme more problematic; 

a lso,  given these complicating fac tors ,  his technique for describ— n 

ing, analyzing, and explaining actual phonological innovation is 

.
-

.
-

.
.

.
.

.
.

 
_

_
_

.
.

-
 

.. 

in need o f  further refinement. 

Here one more point should be br ief ly discussed. I t  has 

become customary to attribute great significance to the process 

o f  acquiring language, i . e . ,  the mastering o f  o n e ' s  native tongue 

in early childhood, also when i t  comes to explaining certain 
basic facets o f  sound change. (The partial or complete acquisi- 
tion o f  a foreign language presents analogous but also additional 

problems.) Andersen's abductive model, in this respect influ— 
enced by Jakobson's work on child language, is  but one example o f  

this conception. However, it seems worth considering whether, 

precisely as regards modifying o n e ' s  pronunciation habits, i . e . ,  

introducing incipient or ,  occasionally, even full-fledged phono— 
logical innovations, it is actually in ear ly childhood (say,  

before the completion o f  the f i f th  year) that the definitive 

articulatory profile o f  a person is  usually formed and stabilized. 

Rather, I would submit, that is the age when growing-up speakers, 

by imitating their elders, attain the same or nearly same pronun— 

ciation as their models. True, in the process they may very well, i 

by 'misreading' ( i . e . ,  slightly incorrectly perceiving) the phone- 
tic output o f  'grammar 1 ' ,  internalize, initially at least, a 

somewhat deviant 'grammar 2 '  ( o r ,  rather, i t s  phonological compo- 

nent) producing _ following Andersen's reasoning — a phonetic 
'output 2 '  not fully identical with 'output 1 '  o f  their model. 

Yet ,  very often ( i f  not as a rule) most o f  the misperceived pro- 
nunciation is  subsequently noticed and recti f ied except, perhaps, 

where the resulting differences in pronunciation are so minimal 
as to be considered insignificant even by the maturing child; it 
i s  only their cumulative e f fec t  over a longer period o f  time that 

ultimately may give r ise to a genuine sound change. However, it 

appears that attitudes at a somewhat older age, especially in the 

teens, may more directly, noticeably, and lastingly af fec t  pronun— 

ciation habits and cause partial or even full sound shifts (or,  
rather, sound substitutions) to occur within one generation. I 

am referring here to the fashionable pronunciation or talking 

fads which, particularly in our day and age, so markedly leave 
their imprint on the speech habits o f  the teenage generation. It 
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is  my impression, based on observations from several languages, 

that the modification of  the articulatory manners and preferences 

affect ing these young people are more radical, since they are 

deliberate, than are the dif f icult ies in imitation and pronuncia- 

tion adjustment encountered in early childhood. I f  Andersen's 
abductive model o f  phonological innovation is to be applicable 

also to currently observable sound change — and not only to inter- 

preting and elucidating instances of  historically attested or 
reconstructed phonological shifts — these sociolinguistic and 
psycholinguistic considerations will somehow have to be accounted 
for in his model. 

Viewing sound change primarily as a sociolinguistic phenome- 

non, best studied while in progress, i t  must be said — with all 

due respect to Labov's ' integrated' explanation2 — that we are 

still far from genuinely and fully grasping its causes. So far,  
there has not been much more than a general realization of  the 

permanent and highly creative interplay between, on the one hand, 

language's striving for economizing (ultimately tending toward 

ellipsis while preserving a measure o f  redundancy as a safety 
valve to ensure comprehension and information transfer; o f .  Marti- 

net 1955) and, on the other, i ts making for diversity o f  expres— 
sion to distinguish among even the finest shades o f  meaning. 
Though sound, at the phonemic level, does not by itself carry, 
but merely distinguishes meaning, it and i ts modification are 
crucially affected by this dialectic tension characteristic o f  
language as a semiotic system. 

(2 )  The study of  ongoing sound change viewed in i ts social set- 
ting has in America been pursued, in particular, by Labov: 
c f .  esp.  Labov ( 1 9 6 3 ) ,  ( 1 9 6 6 ) ,  ( 1 9 7 0 ) ,  ( 1 9 7 2 ) ,  ( 1973 ) :  and 
Labov §E_§l. ( 1 9 6 8 ) ,  ( 1972 ) :  for a brief assessment o f  Labov 
( 1 9 7 3 ) ,  see ,  e . g . ,  Birnbaum ( 1 9 7 5 ) ,  2 8 4 - 6 .  Of more recent 
work by scholars with other ideas, see, e . g . ,  Bailey (1973) ,  
Peng (1976) ,  and Itkonen (1977) .  
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SOCIAL FACTORS IN THE SOUND CHANGES OF MODERN DANISH 

Lars Brink and Jorn Lund, Universi ty o f  Copenhagen, Denmark 

In the following we wi l l  present some o f  the major resul ts o f  

our research1 on the ro le o f  social fac to rs  in the sound changes 

o f  Modern Danish. Our investigations deal with phonetic h is tory 

based on phonetic sources .  The oldest living informants we tested 

were born in 1875 .  Edison and others made i t  possible to invest i— 

gate an added generation, namely a solid group o f  informants born 

from 1840 on. The oldest Danish voice preserved, to our knowledge, 

must have resounded fo r  the f i r s t  time in 1813, two years  before 

Waterloo! The recordings comprise a t  l eas t  10 informants per 5-year 

period, except for the very f i r s t  years .  Our goal was to register  

and describe a l l  ascertainable pronunciation changes for  those in— 

formants ra ised in Copenhagen and to  survey pronunciation and i t s  

development outside Copenhagen. 

The phonetic h is tory o f  Copenhagen speech in the period treated 

reveals an amazing wealth o f  sound changes. This is largely the 

result o f  c a .  6 0  regular sound laws.  We have described the sound 

changes by consistent ly referr ing to the birth date o f  the infor- 

mants — since this was our f i r s t  signif icant resu l t :  When we ar— 

ranged the material according to  the informants' birth dates,  numer- 

ous sharp boundaries appeared. In f a c t ,  o f ten  a clear shi f t  between 

informants born in two subsequent 5—year periods became apparent. 

I f  we arranged the material according to recording dates rather 

than birth dates ,  no changes could be demonstrated at a l l ,  unless 

the age distribution in the groups was kept painstakingly constant.  

And even then, the sound changes would only appear as weaker sh i f ts  

in a sea o f  variation. - The reason, o f  course, i s  that regular 

sound changes occur between generations ( in our opinion innovations 

_ _ _ - _ _ _ — — — — — - — -  
— — — - — — — — — u — -  _ _ —  

(1) "Dansk Rigsmâl I-II. Lydudviklingen siden 1840 med særligt hen- 
blik pâ sociolekterne i K¢benhavn" (Standard Danish I-II. The 

phonetic develOpment since 1840 with special regard to the socio-_ 
lec ts  in Copenhagen). 8 2 3  p p . ,  Gyldendal 1 9 7 5 ;  “Udtaleforskelle 1 
Danmark" (Differences in pronunciation in Denmark). 113 pp . ,  GJel- 
1erup 1974 ;  "Regionalsprogsstudier" (Studies. in regional language): 
in Danske Studier 1977 (by Jern Lund); "Om lydlove" (On sound laws) :  
paper presented to the Soc.  o f  Nordic Phil. in Denmark 1977 (by 
Lars Br ink) ;  and an investigation o f  the linguistic situation in 
Copenh., 219 p p . ,  1978 (primarily by Jens Normann J¢rgensen). - 
Here we economize with respect to examples and documentation, and 
for definitions and methodology we re fer  to  the above works. 
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come from children, who — under mutual influence - retain while 

growing up a few of  their originally many deviations from the 

adu l ts '  language),  and that inf luence from younger speakers on older 

ones is  modest and never strong enough to allow the older to  "catch 

up" with the younger. We have several  recordings o f  the same 

speakers made as f a r  as 5 0  years apar t ,and they reveal only sl ight 

d i f ferences.  On the whole, i t  i s  our experience that most adults 

who do not change their milieu are only weakly influenced phonetic— 

al ly by the next generation. 

I t  was c lear from the s tar t  that the material had to be ar-  

ranged according to soc io lects .  Certain linguistic features are 

correlated with high social status ( i n  a certain generation, in a 

certain a r e a ) ,  i . e .  the feature becomes more and more common a s  we 

progress up the social ladder, e .g .  the pronunciation [ s o t i f o e gfi  
( c h a u f f e u r ) .  Others are cor re la ted w i th  low soc ia l  s ta tus ,  e . g .  

[ge ' feegfi  (here we employ IPA with unmodified values), and still 
others a re  soc ia l ly  neut ra l .  Thus ,  we could arr ive a t  two ,  and 

only two, sociolects in Copenhagen: High and Low Copenhagen, i . e .  

the languages with (almost) tota l ly  high — resp .  low - or neutral 

linguistic features,  and, o f  course,  intermediary forms. In the 

following we wi l l  trace the major trends in the development o f  the 

two Copenh. sociolects.  

Prior to ca .  1750 (birth y e a r ) ,  there were practically no 
social linguistic variations. There were a few d i f ferences in the 

pronunciation o f  foreign words, and certain folk etymologies must 

have belonged solely to the lower leve l .  The linguists o f  the day 

operate with many divisions: Copenh./provincial, the various dia- 

lec ts ,  f ree speech/reading pronunciation, but no one ridicules the 

common man ' s  deviations from the learned except for certain "d is— 

tortions" of foreign words. A number of  somewhat later authors 
write, on the contrary, that pronunciations, inf lect ions, e t c .  

which clearly belong to craftsmen and servants in their day were 
quite common among the learned in previous generations. This 

agrees with our findings that the numerous certain L—features 

(L— = low—) in the 1800 ' s  can nearly always be traced back to a 
time when they were common in higher c i rc les .  The situation was 

the same in the country d is t r i c ts .  The linguistic interaction in 

these less  specialized societies was probably simply too great to 

allow social characteristics to a r ise .  A town like Copenhagen 
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was small ( i n  the 1 7 0 0 ' s  not quite 3 k )  and densely populated. 

The division into better and poorer neighbourhoods belongs to a 

much later age. 

The social uniformity refers to language, not to all aspects 

o f  speech,2 since speech involves many language—independent aspects. 

Of course, there wi l l  always be s tat is t ical  d i f ferences between 

high and low speech. Due to s tat ist ical  di f ferences in interests, 

experiences, intellectual equipment, e t c . ,  there will be s tat is t i— 

cal di f ferences e . g .  in conversation topics, sentence length, meta- 

phors, irony, slips of  the tongue, syntactic anacolutha, e tc .  

But the fact  that L—speakers might discuss boxing more of ten,  or 

perhaps employ more anacolutha than H-speakers has nothing to do 

with their language, i . e . ,  the traditionally transmitted set o f  

rules which govern their speech. No l inguistic rule recommends or 

forbids talk o f  boxing, and it is  self—contradictory to maintain 

that L-language could be viewed as requiring the use o f  anacolutha, 

since by this we naturally do not mean deviations in regular speech 

from regular writing but syntactic deviations in actual speech 

from regular speech (speech which does not in the least violate 

the linguistic rules o f  the speaker) .  For everyone, their number 

is great .  

The recognition o f  a social uniformity prior to 1750 must be 

modified on a few points. The various work spheres have always had 

a set o f  terms generally unknown outside the field. This is so 

obvious that we do not consider it in the notion o f  a sociolect. 

I f  we did there would in every society with a division o f  labour 

be jus t  as many sociolects as f ie lds.  Other differences in vocab- 

ulary involve literary words and learned, foreign words. Finally, 

in the lower circles there must have been somewhat weaker taboos 

on swear words and obscene words. None o f  the two last mentioned 

situations involve actual sociolect dif ferences: They are even on 

the highest or lowest social level extremely individually deter- 

mined. True sociolect features do not re f lect  individual person— 

ality features of  the speaker but merely the habits o f  his sur- 

roundings. The decisive argument is that the above mentioned 

(2 )  in the basic sense "the actual output o f  speaking" - including 
all i ts  phonetic and non-phonetic sides. 
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linguistic features correlate to a higher degree with character- 
ist ics such as cer ta in types of knowledge or att i tudes toward ta- 

boos and only indirectly, and more weakly, with social c lass.  In 

many cases these non-linguistic or non-sociolectal situations are 

mixed together with the true sociolect features such that one can 

obtain the quite distor ted impression that high and low language 

are arranged on a sca le ,  the extremities of  which are written aca— 

demic language and chi ldren's speech: Written academic language 

contains a maximum o f  regularity, l iterary terms and urbane ex- 

pressions - children's speech a minimum. 
In the time following, a long series o f  true sociolect features 

emerges in pronunciation, inflection, syntax and the core vocab- 

ulary. In the beginning, ca.  1750-1800 (birth y e a r ) ,  it is a mat- 
ter o f  a few features,  always such that the lower social levels 

retain an older form while the higher levels take on a new form or 

limit themselves to  one of  two older double—forms. No written 

source indicates the existence o f  sound changes of  the type: the 

uneducated have zero where the educated have [ h ] ,  e t c .  
Not until c a .  1800 (birth year) do we find this type o f  d i f -  

ferences.  The oldest social ly staggered sound changes we can as-  

certain from the phonetic material from 1840 on must have been 

initiated at  the ear l iest  in the generation born in 1800.  The 

f i rs t  indication in writ ten linguistic sources o f  such differences 

we find as late a s  in the 1 8 8 0 ' s  among authors born a f te r  1850 .  

Apparently no one was aware o f  these di f ferences for a long time. 

From c a .  1900 (birth year) the new changes do not appear near- 

ly as  staggered social ly,  and a series o f  new sound changes origi- 

nating in the previous period, both in the L— and in particular in 

the H—languages, now become reversed. Among the youngest living 

adults there are st i l l  differences l e f t ,  but on the one hand, these 

show a tendency toward leveling, and on the other hand, the strength 

o f  the social correlations themselves is  decreasing. This is all 

probably due to greater social mobility and integration, and of  

such individual factors we fee l ,  without being able to  prove i t ,  
that the most important cause is  the fac t  that from c a .  1900 it 

became common for the educated to send their children to f ree,  

state—supported schools. Radio and television have had no in- 

fluence, since leveling has most of ten been in the direction of  
the L-language, and since in radio and television up to c a .  1970 
the H-language was almost always used. 
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Of the many regular sound changes appearing a f ter  1800 ,  the 

major i ty  originate in L-Copenh., e . g .  E d i  > € ]  before alveolars 

and zero,  [ e — :  > a : ] ,  the numerous vowel openings before and a f te r  

£ ,  [ g h  > g5h > g s ] ,  and the openings o f  the medial and final 

spirants [ - 5  > —§] [—y > - W T / - j T ]  ( [ w r ]  a f t e r  back,  [ j T ]  a f ter  

front vowels) ,  [ - 6 T  > —jT] and [—v > —wT]. I t  may seem surprising 

that the H-sociolect does not lead the way, but this is only at  

f i r s t  glance. First o f  a l l ,  it i s  only natural for new changes to 

ar ise in the largest linguistic community. Secondly: for a long 

time the change is  not obvious to speakers, characterized merely 

by the f a c t  that a growing number o f  speakers begin to show 22“ 

certainty with respect to the new and the old form. The change 

usually spreads to  the H-sociolect one or two generations later 

where the same situation o f  uncertainty then appears, and f i r s t  

then do attentive H-speakers become aware o f  i t  and, normally, 

offended, but then i t  i s  too la te,  since the remaining younger 

H-speakers are  pushed from three corners: from the majority o f  

L-speakers, from the minority of  H-speakers, and, most importantly, 

from the "inherent plus-value" o f  the new forms. It is namely no 

accident that the new forms could expand from non-existence and 

thus defy the general imitation tendency ( I ) .  — A number o f  changes, 

however, originate in the H-language, e . g .  the shif t  o f  back vowels: 

[OL > 334 ] ,  [ o * :  > o f ; : ] ‚  [ 3 7  > 91], [@+ > a1], and vowel shorten- 
ing before vocoids, especially before [ 3 ] ,  and some changes show 

no clear social staggering. 

Soc io lec t  and s e x .  The two soc io lec ts  show uneven distr ibu- 

tion with respect to  sex .  Women generally have more H-features 

than men. Indeed, the group of  pure L-Copenh. speakers is  made up 

o f  more than twice as many men as women; with respect to the pure 

H-speakers, the difference is  not nearly as  great .  However, we 

are st i l l  dealing with sociolects and not sexolects: the differ- 

ence between high and low is in every instance investigated greater 

than the di f ference between women and men. This can hardly be due 

to  anything but the fac t  that women for some reason have greater 

social aspirations than men and are perhaps also more attentive, 

but these factors  need not be the main reason in every concrete . 

instance in which, e . g . ,  the girls in a group of  siblings have more 

H-features than their brothers, since once the sexual dif ference 

has come to ex is t ,  it can then largely be maintained simply by the 

fac t  that gir ls are more apt to  imitate other girls and women. 
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Orthographic inf luence. Our investigation shows that regular 

sound changes, not orthography, are the most important sources o f  

phonetic change. The ca .  60 sound laws which we have ascertained 
are either neutral towards the orthography o r ,  the major i ty ,  di- 

rect ly  contrary to i t .  They have been accompanied by numerous new 

mergers in vocabulary, e . g .  ' r e t '  = ' r a t '  ( r ight ,  steering whee l ) :  

[ ' u a i g ] ,  ' sagn '  = ' s a v n '  (legend, l a c k ) :  [ ' s e i w r ’ n ] ,  'æder '  = ‘ed-  

de r '  ( ea t s ,  venom):  [ ' e r é r ’ n i ] ,  ' l u re '  = ' l u e r '  (eavesdrop, f l ames) :  

[ ' l u + o n ¢ ] ,  and ' l o j e t '  = ' lodde '  ( l ied ,  s o l d e r ) :  [ ' l n ¢ 5 T § T ] ,  and 

in general this has made spelling more d i f f i cu l t .  In addition, 

many changes in iso lated words are contrary to  the orthography. 

We haze found many instances o f  orthographic influence, in proper 
names, in less common words, and in foreign words in the L-language 

and also some cases  in the core vocabulary; but in ordinary spoken 

language, in a running tex t ,  orthographic influence accounts for 

a very small portion o f  all the changes in pronunciation occurred 

between the 1840 generation and today 's  youth. 

The range o f  the standard langpage. In Denmark there exists 

a non-localizable standard language or rather a complete set  o f  un- 

localizable linguistic forms, i . e .  forms which are not tied to 

speakers raised in particular areas.  By comparison with dialects 

we have attempted to show that these non—localizable forms, wher- 

ever they contrast with the respective d ia lects,  have their his— 

torical origin in Copenh. speech. A non-localizable standard 

language is f i r s t  completely established when non-localizable forms 

exist  without exception. First with the generation born around 

1825 was the last "resistance" to COpenh. forms abandoned, namely 
when the Copenh. [ n + j T ]  and [ o T j T ]  diphthongs made their way into 
the provinces. But just  because a complete non-localizable lan- 

guage is  available i t  i s  not certain that anyone speaks it in i t s  

purest form. Actually, and quite naturally, only inhabitants of  
Copenhagen did so .  Not until the generation born in 1880 do we 

find such informants raised in the provinces, namely H-speakers 

from the Sjalland market towns. Outside o f  Sjælland all thoroughly 

investigated informants possessed certain (but not the same) local 

features. The local characteristic increases everywhere in the 

market towns as the social status fa l ls ,  but even on the lowest 

social levels the language, today, is much closer to Copenh. speech 

than to the loca l i t y ' s  original dialect, now relegated to the rural 
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areas and dying out even there. On Sjælland we know of  no true 

dialect speaker born after 1920. - Even the newer developments in 

Copenh. speech, including the many originating in L-Copenh., spread 

to the entire country, always somewhat "delayed". Thus, the pro- 

vinces are characterized both by local forms and by a number o f  

standard—archaisms, archaisms which in the end can become locally 

bound, namely once the new form has been adopted in (a  portion o f )  

the rest  o f  the country. - There exist other centers of deve10p— 

ment than Copenhagen. In f a c t ,  a l l  larger province c i t ies exert 

an influence on their surroundings. For this reason certain vigor- 

ous local forms can now be found in larger provincial areas outside 

their original dialect area, but primarily these centers function 

as mediators for  the Copenh. features which always influence the 

larger c i t ies earlier and more forceful ly than the smaller. 

The Copenh. forms in general, a s  widespread as most o f  them 

are now, are no longer fe l t  by speakers to be Copenh. forms, which 

they actually are only historically. Their success is  thus not 

due to any capital city prestige. This factor was no doubt impor- 

tant in previous centuries when the non-localizable language was 

in the process o f  being established. In the provinces there must 

ex is t  a certain general high-social atmosphere around them, but 

not even this factor can be the decisive one, since L-CoPenh. 

forms, as mentioned, also spread energetically. We have attempted 

to show that logically the language o f  a capital city 922 succeed 

in Spreading i ts forms to the rest  o f  the country purely by conta- 

gion, namely according to what we term the Napoleon-principle: the 

enemy i s  slain where he is weakest and immediately enrolled in the 

V ic to r ' s  troops. But, of course, prestige plays a significant role. 

We feel, however, that the most important emotional attitude toward 

linguistic forms is one o f  egocentricity, i . e .  preference for habit- 

ual forms; spot-checks have shown that most L-speakers actually 

prefer their own forms to H-forms and provincial-speakers their own 

provincialisms to standard forms (surely, H—speakers' preference 

for H—forms is greater, since here habit and prestige-value pull 

together).  But the provincial speakers can naturally get their 

egocentric resistance shattered under sufficiently massive bombard- 

ment with standard forms. — Above all, it must be rejected that the 

orthography or radio and television have created the standard lan- 

guage. The orthography does not indicate the basic quality of the 
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sounds; the fact  that the standard language possesses the original 
Copenh. qualities [ p ‚ g ‚ g , u ‚ ö T ‚ v ‚ w T ‚ e T : ‚ 0 1 : ] ,  e t c . ,  corresponding 
to wri t ten b—,  d - ‚  g - ,  r - ‚  -d ‚  v - ,  - v ,  æ, o ,  no soul can read from 

the written picture. Nor does the orthography indicate st¢d, s t ress  

or pitch, and regarding the distribution of  sounds the Danish ortho- 

graphy is so archaic that i t  agrees frequently and significantly 

with other dialects better than with Copenh. speech (e .g .  in the 
case o f  -p- ,  - t - ,  - k - ,  hv/v, h j / j ,  nd/nn, ld/ l l ,  weakly stressed 

-e t ;  -eg- ,  -¢g-, i , y , u  + nasal,  geminates).  To be sure, the ortho— 

graphy can delay the spread o f  contradictory Copenh. forms, but it 
has not been able to  st0p them. The influence o f  radio and tele- 

vision has to be modest. The developments mentioned above were 

well under way (the dialects being long since extinct in all larger 

market towns, in Aalborg, for instance, already with the generation 

born around 1800) when radio broadcasting began in 1926,  and if  
this factor was significant today, the degree o f  local character- 

ist ics would not re f lect  so strongly in part the distance from 

C0penhagen and in part the degree o f  urbanization (radio and tele- 

vision consumption does not run parallel to these f ac to r s ) .  

Language is  a social phenomenon. But language is  such a 

varied activity that i t  also possesses other aspec ts .  The numerous 

Copenh. sound changes we have encountered are naturally not the 

result o f  normal interaction and imitation, nor of  imitation com- 

bined with prestige, since the new forms initially have no pres- 

tige, they expand from zero-level, and no one realizes initially 

that he has a new pronunciation, and even less where i t  comes from. 

New pronunciations must o f  necessity possess an inherent plus value 

in order to progress Victoriously. Of course, imitation is one 

element, but the very dynamics of  the development involve the fact 
that the new pronunciation is initially adopted and adhered to 

by speakers who far  more often hear the old one. The plus value 

may be connected with errors in perception or production, originat- 

ing independently with many children (o r ,  theoretically, with one) 

or with an easier articulation. In other words, when we speak of  

true sound changes, not just old (standard) forms replacing other 

old forms in other areas through borrowing, we must not forget that 

sound change is  essentially a non—social phenomenon. 
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STRUCTURE ET ASPECTS SOCIAUX DES CHANGEMENTS PROSODIQUES 

Ivan Fônagy, C .N .R .S .  Paris 

l .  Nous ne disposons à l 'heure actuelle d'aucune description d 'un  

changement prosodique ayant eu lieu dans le passé.  Cette absence 

totale de témoignage a pu être interprétée comme indication, sinon 

comme une preuve ex silentig de l'immuabilité des formes d'intona— 
tion. Elise Richter (1933) attribue la stabilité des formes mélo- 
diques à leur caractère naturel, motivé: O r ,  r ien que la diversité 

de l ' intonation des langues romanes, ou d 'au t res  langues apparte— 

nant â la même famille, aurait pu éveiller des doutes au su je t  d ' u n  

principe de l'immuabilité intonative. Des observations récentes 

semblent indiquer que les structures mélodiques, vues sous l 'angle 

de la diachronie, sont tout aussi mobiles q u ' à  l ' intérieur d ' un  

système linguistique ä un moment donné. 'Les contradictions qui 

re f lè tent ,  dans les cadres de la synchronie, les changements de 

phonétique segmentale (Doroszewsky 1 9 3 5 ,  Fônagy 1956 ,  Labov 1972) 

caractérisent également la prosodie dans dif férentes langues. 

2 .  Le long débat, parfois très animé (Gill 1936, Fouché [ 1 9 3 6 ]  
1952,  4 9 ) ,  q u ' a  provoqué l'ambiguïté de l 'accent  en français mo— 

derne à partir de la deuxième moitié du siècle dernier (Paris 1862,  

Passy 1891, Meyer-Lübke 1890) peut être interprété comme une "dra- 

matisation" des contradictions inhérentes au système accentuel. 

L 'accent frappe la dernière et/ou la première syllabe des groupes 

accentuels en fonction des contraintes segmentales rythmiques, 

syntaxiques, sémantiques, e t  surtout, selon le genre du discours, 

les habitudes professionnelles ou individuelles du locuteur. L ' a c —  

centuation se présente comme une fonction à variables multiples. 

Le nombre, l'importance e t  la valeur de ces variables changent 

continuellement, et ceci depuis le début du dix—neuvième siècle 

selon le témoignage des grammairiens (Scoppa 1816, 2 2 0 ) .  
Toutes conditions égales par ailleurs, i l  es t  plus probable 

que l 'accent  frappe la première syllabe de l 'unité accentuelle si 

a) cette syllabe est fermée; 
b)  s a  voyelle es t  susceptible d 'ê t re  allongée; 
c)  le premier mot est  un déterminant suivi d 'un  déterminé 

— surtout s ' i l  s 'ag i t  d ' ad jec t i f s  numéraux; 
d) le premier mot (pronom, adject i f ,  adverbe interrogatif) 

figure en tête d'une question partielle; 

e) le mot figure en tête d'une phrase impérative: 
f )  ou en tête d'une réponse composée d'un seul mot, etc. 
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La probabilité de l 'accent change, toutefois, radicalement d'un 
genre du discours à l 'autre. L'accent barytonique devient sen— 
siblement plus fréquent dans le discours politique (Duez 1 9 7 8 ) :  

la distance moyenne entre syllabes accentuées diminue d'une façon 
drastique dans la présentation des informations où l 'accentuation 

des mots “enclit iques” e s t  presque érigée en règle.  Si  la proba- 

bilité d 'un  accent frappant un mot enclitique (préposition, art ic le,  

conjonction, pronom "atone",  verbe auxiliaire) es t  de 0 .03 dans le 

récit (conte de f é e s ) ,  elle varie entre 0.03 e t  0.08 dans la con— 
versation et monte à 0 . 4 2  dans les informations télévisées ( I .  e t  

J. Fônagy 1976) .  
L'extrême diversité de la distribution de l 'accent  dans l ' é -  

noncé re f lè te  un changement en cours e t  le masque en même temps. 

L'accent barytonique apparaît comme l 'expression d 'un  contenu men— 

tal (émotion, emphase), comme trait caractéristique d 'un  genre du 

discours ou d ' un  style professionnel, e t  non pas comme une mani— 

festation d 'un changement prosodique. Le rapport de cause à e f fe t  

est  interprété en termes de fin et  de moyens. I l  e s t  intéressant 

de voir que même des linguistes distingués n'échappent pas à cette 

vision finaliste propre aux membres de la communauté linguistique 

( c f .  Fouché [ 1 9 3 6 ]  1952 ,  5 1  et  s . ,  Fônagy 1979,  180) .  

Les contradictions socio-phonétiques qui semblent caractériser 

les changements phonétiques en cours sont l ' indice du changement 

d'accent,  mais ne fournissent pas une preuve suffisante du change- 
ment. Les premiers témoignages sûrs d'une accentuation barytonique 

datent du début du dix-neuvième siècle (Fônagy 1979 ,  168 e t  s s . ) .  

I l  faut noter également que les "irrégularités" prosodiques rele— 

vées par Richard Strauss chez Debussy (v .  ses échanges de lettres 

avec Romain Rolland), ne se rencontrent jamais chez Lully ou Rameau. 

"Nous avons pu comparer les résultats de tests de perception fa i ts 

à partir d'enregistrements de 1914-1915 (discours de Poincaré, de 

Deschanel et de Viviani), d'une par t ,  e t  d'enregistrements de dis— 

cours politiques prononcés en 1974,  d 'autre part .  Les mots perçus 

avec un accent principal ou secondaire sur la première syllabe 

(sans autres accents) ,  ou ceux ayant un accent principal sur la 

première et  un accent secondaire sur la derniére syllabe, sont net— 

tement plus fréquents dans les discours de 1974,  malgré les diver— 

gences individuelles à l ' intérieur des deux groupes. Cet  écart es t  

statistiquement très significatif (x2 = 2357.91, p < 0.001). On ob- 

. n
.

:
x

.
:

‚
.

\
-

:
=

.
-

.
-

.
_

.
.

-
‘

.
 … . 

-
'

 
:

.
.

.
 

" '
.

"
.

 
' 

. 
'

.
 

"
J

U
—

.
*

 
"

.
.

 
-

.
-

_
-

;
 

-
.

.
-

-
-

-
 

_ 
"

"
-

"
"

"
:

 
'— 

_ 
\

„
.

 





208 SYMPOSIUM No. 4 

153) ou hongroise (Fônagy 1 9 6 5 ) ,  une reprise caricaturale de l ' a f —  

firmation catégorique e t  interfére en même temps avec l ' intonation 

interrogative (montée dans la syllabe accentuée).  Toutes ces 

formes complexes sont également distribuées dans l 'espace socio— 

culturel; i l  n ' y  a donc aucun indice d ' u n  changement en cours. 

Le changement a dû s'accomplir à une date antérieure. On comprend 

mieux, dans ce t te  perspective, la coexistence de deux intonations 

interrogatives en russe ( c f .  Romportl 1 9 7 3 ,  159 e t  ss )  

a )  montée e t  descente dans la syllabe accentuée, v s .  

b )  montée f inale. 

La première ( a ) ,  qui correspond ä la courbe mélodique de la question 

incrédule de l 'angla is,  du f rançais,  e t c . ,  figure aujourd'hui comme 

l ' intonation interrogative non marquée (Bryzgunova 1 9 6 3 ) ,  e t  c ' e s t  

la deuxième (b)  qui doit être considérée comme marquée (exprimant 

l'étonnement ou ayant une valeur d ' évoca t i on ) .  Boyanus ( 1 9 3 6 ) ,  

qui selon Romportl (1973 ,  158) était le premier à signaler l ' in to— 

nation ( a ) ,  présente 1a configuration (b) comme modèle de l ' in to— 

nation interrogative. I l  es t  probable que la configuration (a )  

était au début, en russe comme dans d 'au t res  langues, une métaphore 

mélodique remaniée, mais qu'el le s ' e s t  généralisée par la suite en 

se substituant à l'ancienne forme non marquée. 

5 .  Reste ä signaler un type de changement mélodique qui suppose 

une mutation fonctionnelle des formes d ' in tonat ion .  Une intonation 

expressive, suggérant une attitude déterminée, devient par t icu l ière—‘ 

ment fréquente dans la parole d 'un  groupe social e t  f init par se 

détacher de l 'a t t i tude qu'el le es t  censée exprimer. L'intonation 

correspondant à une attitude désabusée (une moue, un haussement 

d'épaules) frappe par s a  récurrence tenace dès  qu'on écoute les 

présentatrices de la Radio—Télévision française dans des contextes 

qui excluent une telle attitude. Nous avons présenté à deux groupes 

d'étudiants en linguistique (groupe 3 ,  groupe b) quatre échantillons 

de cette forme mélodique, d'abord isolés du contexte (groupe a) 

puis en contexte (groupe b ) .  Présentée isolement, ces échantillons 

ont suggéré un air désabusé, voire ironique. Présentées dans le 

contexte, les memes intonations paraissaient ä la plupart des su— 

je ts  comme neutres e t  i ls les attribuaient à une présentatrice de 

la télévision (I. e t  J. Fönagy 1976) .  Ceci revient à dire qu'une 
forme mélodique expressive est devenue neutre à l ' intérieur d 'un  
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groupe professionnel e t  a acquis par là une valeur évocatrice 

(Bally 1921, I 2 0 3 - 3 4 9 ) .  Pierre Léon (1971, 5 4  e t  S . ) ,  après avoir 

mis en évidence le caractère irréversible des changements de fonc— 

tion (expressive + évocatr ice,  jamais l ' i n v e r s e ) ,  cite comme ex— 

emple le style publicitaire composé des t ra i ts dist inct i fs de l ' i n— 

sistance e t  de l a  jo ie .  Les formes d' intonation caractéristiques 

de d i f férents groupes professionnels hongrois (Fônagy e t  Magdics 

1963)  se révèlent,  dans la plupart des c a s ,  comme des formes d ' i n— 

tonation émotives général isées, neutral isées. 

La généralisation d'une forme peut dépasser te l  ou tel groupe 

professionnel. La montée terminale exprimait en hongrois, e t  ex— 

prime toujours dans certains contextes, certaines attitudes déter— 

minées (surtout l 'a t t i tude justif icative ou l 'expression de l ' é v i —  

dence) .  E l le e s t  toutefois moins expressive dans la parole fémi— 

nine où elle prédomine. El le es t  aussi en corrélation avec l ' âge  

des su je ts  e t  plus fréquente chez les jeunes (f igure 1 ) .  Au lieu 

d'exprimer telle ou telle attitude, ou d'évoquer te l  ou tel groupe 

professionnel, elle acquiert un caractère féminin selon des tests 

de perception (Fonagy e t  Magdics 1963,  8 ) ,  moins dans l'opinion des 

jeunes que dans celle de plus âgés. 
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Figure 1 

Fréquence de la montée finale dans les questions 
partielles selon le sexe e t  l ' âge  des locuteurs. 
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6 .  

tionnelles que les formes d'intonation de langues apparentées de— 

C ' e s t  à force de tels transferts et  de tel les mutations fonc— 

viennent de plus en plus divergentes d'une langue à l ' au t re ,  e t  que 

le rapport entre signifiant e t  signifié devient de plus en plus 

arbitraire, malgré le lien naturel qui lie l'intonation aux atti- 

tudes exprimées. 

Résumé 

Les structures prosodiques, accentuelles e t  intonatives, sont 

loin d 'ê t re  immuables. Leur changement se re f lè te  sur le plan 

synchronique par la présence de règles contradictoires. L' intona— 

tion change par le t ransfer t ,  l ' interfërence et la mutation fonc- 

tionnelle des formes mélodiques. 
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THE SOCIAL ORIGINS OF SOUND CHANGE 

William Labov, University o f  Pennsylvania, Philadelphia, PA,  USA 

The past century o f  phonetic research has illuminated our un— 

derstanding o f  the production of  sounds, the properties o f  the a- 

coustic signal, and to a certain extent, the perception o f  speech 

sounds.1 Studies o f  the linguistic organization o f  these sounds 

have c lar i f ied our understanding o f  their distribution and diver— 

sif ication, the end results o f  the process o f  sound change. But 

the search for the originating causes o f  sound change itself re- 

mains one o f  the most recalcitrant problems o f  phonetic science. 

Bloomfield's position on this question is still the most judicious: 

Although many sound changes shorten linguistic forms, 
simplify the phonetic system, or in some other way less- 
en the labor o f  utterance, yet no student has succeeded 
in establishing a correlation between sound.change and 
any antecedent phenomenon: the causes o f  sound change 
are unknown. ( 1 9 3 3 : 3 8 6 )  

In spite of  Bloomfield's warning, linguists have continued to put 

forward simplistic theories that would attempt to explain sound 

change by a single formal principle, such as the simplification of  
rules, maximization o f  transparency, e t c .  But at the 2nd Congress 

of  Nordic and General Linguistics, King rejected his own earlier 

reliance on simplification ( 1 9 7 5 ) ,  and recognized the point made 

5 0  years earlier by Meillet (1921) ,  Saussure (1922)  and Bloomfield 

( 1 9 3 3 ) :  that the sporadic nature o f  sound change rules out the 

possibility o f  explanation through any permanent factor in the pho- 

netic processing system. Explanations of  the fluctuating course 
o f  sound change are not likely to carry much weight unless they 

take into consideration the parallel fluctuations in the structure 

o f  the society in which language i s  used. 

The approach to the explanation o f  linguistic change outlined 

by Weinreich, Labov and Herzog (1968) divides the problem into 
five distinct areas: locating universal constraints, determining 

the mechanism of  change, measuring the ef fects o f  structural em- 

bedding, estimating social evaluation, and finally, searching for 

causes o f  the actuation of  sound changes. The quantitative study 

(1) The results reported in this paper are based on research 
supported by the National Science Foundation from 1973 to 
1978. A.more complete report is available in Labov et  a l . :  
Social Determinants of  Sound Change (1978) .  
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o f  sound change in progress by Labov, Yaeger and Steiner (1972) 

located three universal constraints on vowel shifting, a line o f  
investigation originally foreseen by Sweet ( 1888 ) ,  and expanded 
the view of  functional embedding in phonological space outlined 
by Martinet ( 1 9 5 5 ) .  Our current studies o f  sound change in prOg— 

ress in Philadelphia have developed further techniques for the 

measurement and analysis of  vowel-shi f ts ,  with the end in view of  

attacking the actuation problem i tse l f .  We have approached the 

question o f  why sound changes take place at a particular time by 
searching for the social location o f  the innovators: asking which 

speakers are in fact responsible for the continued innovation of 
sound changes, and how their influence spreads to a f fect  the en- 
tire speech community. 

It is  often assumed that sound change is  no longer active in 
modern urban societies, and that local dialects are converging un- 
der the e f f ec t  o f  mass media that disseminate the standard lan- 

guage. The results o f  sociolinguistic studies carried out since 
1961 show that this is  not the case:  on the contrary, new sound 
changes are emerging and old ones proceeding to completion at a 
rapid rate in all o f  the speech communities that have been studied 
intensively. Evidence for sound changes in progress has been found 
in New York, Detroit, Buffalo, Chicago (Labov, Yaeger and Steiner 

1972) ,  Norwich (Trudgill 1 9 7 2 ) ,  Panama City (Cedergren 1 9 7 3 ) ,  Bue— 
nos Aires (Wolf and Jiménez 1978) and Paris (Lennig 1978) .  This 
evidence is provided by distributions across age levels (change in 

apparent t ime), and by comparison with earlier phonetic reports 
(change in real t ime), following the model o f  Gauchat 1904 and 
Hermann 1930.  

Wheneverthese changes in progress have been correlated with 
distribution across social classes, a pattern has appeared that is  
completely at variance with earlier theories about the causes o f  

sound change. I f  one looks to the principle of  least e f for t  as 
an explanation, or to discontinuities of  communication within ur— 
ban societies with accompanying isolation from the prestige mod- 
els, then it would follow that sound change arises in the lowest 
social classes. Arguments for the naturalness of  vernaculars and 
the marked character o f  prestige dialects would also look to the 
lowest social class as the originating site of  sound change (Kroch 
1973). If the theorist focuses on the laws of  imitation (Tarde 
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1873) and the borrowing of prestige forms from centers of  higher 

prestige, then it would follow that new sound changes will be the 

most advanced in the highest social c lasses .  Neither o f  these 

cases has appeared in the internal changes studied in urban soci- 
e t ies .  I t  i s  true that older sound changes, like stable socio— 

linguistic variables, are often aligned with the socioeconomic 
hierarchy, so that the lowest social class uses the stigmatized 
variant most o f ten,  and the highest social class least of ten.  But 

new sound changes in progress are associated with a curvilinear 
pattern o f  social distribution, where the innovating groups are 

located centrally in that hierarchy: the upper working c lass ,  

for example, or the lower middle c lass .  

Thus in New York City, lower middle class groups were the 
most advanced in the raising o f  long open 9 in lost, lag, etc 

(Labov 1966, 1972 ) .  The same pattern was found in the backing of 
(ay) and the fronting o f  (aw) in that city. In Norwich, Trudgill 

found that the backing of  short 2 before /1/ in belt, help, e t c . ,  

showed a rapid development among younger speakers, and was most 

advanced in the upper working class (1972) .  In Panama City, Ced- 
ergren found that one o f  f ive sociolinguistic variables studied 

showed an age distribution characteristic o f  sound change in prog- 

r e s s :  the lenition o f  (ch) in cerca ,  muchacha, e tc .  This sound 

change showed a strong peak in the centrally located Classes II 

and I I I  that Cedergren had established in Panama City ( 1 9 7 3 ) .  

Our project  on linguistic change and variation selected 

Philadelphia as a site for the further study of  this problem, since 

it appeared that almost all o f  the Philadelphia vowels were in mo- 

tion, and all of  the basic patterns of  chain shifting found in Eng- 
lish and French dialects could also be located in Philadelphia. 

The main data base for the Philadelphia investigation is a series 
o f  long-term neighborhood studies in working class, middle class 
and upper class areas, involving repeated interviews and partici- 

pant observation of  the speech community. To this is added a geo- 
graphically random survey o f  telephone users employing short, re- 

latively formal interviews. The convergence of the findings from 

these two data bases, which show opposing strengths and sources of 
error, provides strong support for the general findings, though 
only data from the neighborhood studies will be presented here. 

The measurement o f  vowel nuclei was carried out by a frequen— 
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cy analysis using a real-time spectrum analyzer (SD 301C), fol- 
lowed by linear predictive coding o f  the frequency domain (Markel 
and Gray 1976, Makhoul 1975) to  derive more exact estimates o f  the 
central tendencies o f  F1, F2 ,  F3 and FH. Complete vowel analyses 
o f  spontaneous speech were carried out for 97 subjects in the neigh- 
borhood studies and 6 0  subjects in the telephone survey, with 150— 
2 0 0  vowels measured for each subject .  The mean values for each 
subject were then submitted to three normalization programs: a 
10g mean model developed by Nearey ( 1 9 7 7 ) ,  the vocal tract scal- 
ing of  Nordström and Lindblom (1975) ,  and a three parameter method 
deve10ped by Sankoff ,  Shorrock and McKay ( 1 9 7 4 ) .  

Stepwise regression was carried out on the unnormalized and 
normalized ser ies, deriving equations that predicted mean F1 and 
F2 positions from age, sex ,  social c l ass ,  social mobility, ethnic- 
i ty, neighborhood, communication patterns and the influence o f  
other languages. The regression program enters into the equation 
the independent variable that has the highest partial correlation ‘ 
with the mean formant values, and with each successive term re- 
examines all previous terms as i f  they were the last  to be added 
to the equation: if  their e f fec t  falls below a given level o f  
significance, they are removed (Draper and Smith 1966, Efroymson J 
1 9 6 0 ) .  Thus the relative order in which variables are presented i 
to the program is immaterial. ? 

We then searched for the method o f  normalization that showed 
the maximum clustering to eliminate the ef fects of  differences in 
vocal tract length, and the minimum tendency to eliminate varia- 
tion known to be present in the data by independent means. Uni- % 
form scaling based on the geometric or log mean (Nearey 1977) was a 
selected by these criteria and will be used as the basis for the : 
discussions to follow. 

Figure 1 shows the mean positions of  the Philadelphia vowels 
of 93 speakers in the neighborhood series. It also shows vectors 
representing the significant age coefficients of the regression 
equations. The age coefficients are multiplied by the chronolog- 
ical age of the subject, e . g .  

F2(aw) = 2086 — 5.39 - Ageft=6-°1. 
where the numbers may be read as F2 values in H z .  Thus the f i rs t  ? 
and most significant coefficient shown above predicts that the dif- 
ference in mean F2 positions for two speakers 5 0  and 25  years old 
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will be ( 2 5 ) ( 5 . 3 9 )  H z :  that i s ,  the younger speakers will have a 
mean F2 135 Hz greater than the older: The vectors on Figure 1 
represent the result o f  projecting the sound change 25 years ahead 

of  the mean value and 25 years behind i t .  The significance of the 
e f f ec t  i s  shown by the s i ze  o f  the triangles and the heaviness o f  

the vector l ines. 

These age vectors f i t  in with evidence derived from earlier 

records and synchronic characteristics o f  the current data that 

allow us to set  up f ive strata o f  sound change in Philadelphia: 

a) recently completed changes: e . g . ,  the raising of  /ahr/ 
in c a r ,  par t ,  e t c .  

b) changes nearing completion: e . g . ,  the raising and front- 
ing o f  (aeh) in man, hand, e t c .  

c )  middle range changes: the fronting of (uw) and (ow) in 
too, moved, go and code (but not before liquids). 

d) new and vigorous changes, not reported in earlier re: 
cords: the raising and fronting of  (aw) in house, 
down, e t c . ,  from [æU] to [ e ° ] :  the raising and Back- 
ing of  (ayO) before voiceless consonants in fight, 
l ike, e t c . ,  from [ a l ]  to I n t ] ;  the raising o f  (eyC) 
in the checked syllables of made, lake, e t c . ,  from 
[ e t ]  to { c h i } .  

e) incipient changes, e . g . ,  the lowering o f  the short vowels 
/i/. /6/ and /æA 

Conclusions from the earlier studies would lead us to associate a 
curvilinear social pattern with (d) the new and vigorous changes 
represented by the long, heavy vectors in Figure 1. Further terms 

in the regression equation show that this is the case. Extending 
the equation for F2 of (aw) to the three next most significant co- 
efficients, we have [SEC = 'socio-economic c l a s s ' ] :  

F2(aw) = 2086 - 5.39 ' Age + 126 . Fema1e[t=3'5] 

+ 261 - SEC 9“"=3°ll — 253 - sac 13-15[t=2°51 
In this socio-economic class scale, a 16—point index based on 

education, occupation and residence value, SEC 9 i s  generally con- 

sidered the highest section of  the working class, and 13—15 the 
upper middle c lass .  Fig. 2 shows the coeff icients for Fl and F2 

projected as a single index on the front diagonal for all SEC, 

forming a smooth curvilinear pattern around SEC 9 .  Non-signifi- 
cant points are consistent with the main e f fec ts  shown above. 

Figure 3 shows the class distribution for the projection of  
checked (eyC).  This is a broader curvilinear pattern with a sig- 
nificant peak in the middle working class group SEC 7 ,  and two 
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other points significantly higher than the reference level o f  SEC 
0-3 ,  located symmetrically above and below SEC 7 .  Again, the less 
significant points form a smooth curvilinear pattern. 

The third new and vigorous change, the raising of  ( a y o ) ,  shows 
no significant class distribution. It is worth noting that this 
is also the only change where men are in the lead: as in most 

previous studies of vowel change Philadelphia women are about one 
generation ahead of  men in the early stages o f  change, except in 
the case of ( a y o ) .  Whatever the explanation for this connection 
between sex and SEC patterns, the Philadelphia results agree with 
impressionistic studies in showing no cases where the lowest or 
highest social classes appear as innovators in systematic change. 

Given the powerful tendency for systematic sound changes 

to arise in interior social groups, we must ask how this observa- 

tion bears on the causes and motivations o f  sound change. Instead 

of  pursuing speculations on the psychological traits of  these up— 
per working class innovators, it will be more fruitful to probe 
more deeply into their social roles and relations to others in the 
community. The further investigation o f  the problem carried out 

by our research group is based on the evidence of  communication 
networks which cannot be presented in this brief report. In gen- 

eral, it can be said that the Speakers who are most advanced in 

these sound changes are those with the highest status in their lo— 
cal community: more specifically, they are persons with the lar- 
gest number o f  local contacts within the neighborhood, yet at the 

same time with the highest proportion of  their acquaintances out— 

side the neighborhood. A portrait is beginning to emerge o f  the 
individuals with the highest local prestige who are responsive to 
the broader, almost metropolitan prestige that has become associa- 

ted with the sound changes in question. It is plain that we are 

dealing with the emblematic function o f  phonetic differentiation: 

the identification o f  a particular way o f  speaking with the norms 

of a particular local community. 
Through the further study of the role of  new ethnic groups 

entering the community, and the communication patterns that con— 

nect local neighbhorhoods, we hOpe to delineate more closely the 

social pressures that are responsible for the dissemination and 
further advance of  sound change, and thus isolate the driving 

force behind the continued diversification of linguistic forms. 

_ _  ...... _ _ _ — _ _ _ “ -  . . . - _ _ . . -  
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Bertil Malmberg, Dep. o f  General Linguistics, Östervängsvägen 42 ,  

2 2 3  6 5  Lund, Sweden 

When I made my f i r s t  e f f o r t s  to  apply principles o f  Prague 

phonology in an analysis o f  the French and Italian vocalic systems 

(Acta  Linguistica I I ,  1940 -41 ,  2 3 2 - 2 4 6 ;  I I I ,  1 9 4 2 — 4 3 ,  3 4 - 5 6 ) ,  I 

soon arrived at the conclusion that this was not possible i f  I as -  

sumed that two units of  expression (in my case two "vowels" ) ,  in 
a given position, and throughout the vocabulary, were either vari- 

ants (allophones) or invariants (phonemes). It turned out that 
certain units were definitely phonological in some words, mere 

variants ( f ree  allophones) in others. The fact  that /e/ - / e /  in 
final position is definitely distinctive in pairs like gg—gggg, 
IEE’EEEE does not exclude their use as free variants in e .g .  
923$, gai, ( j e )  sa i s .  As far  as the two 3 : 3  ( /a/  and /a/)  are con- 

cerned, they have their ful l  phonological value only in relatively 

few words (lg-lag). Even Parisians (only the language o f  the capital 
is referred to here) who agree on the existence o f  the opposition 

of ten do not agree on the distribution o f  the units in the vocab- 

ulary. I had also mentioned in my early study the cr i t ical opposi- 

tions /¢/ — /œ/ and, though better maintained, /o/ - /3 /  (both in 

closed sy l lab le) .  I a lso mentioned the quantitative opposition, 

st i l l  retained by a few speakers, between / 6 /  (mettre) and / e : /  

(ma î t re ) .  The cases o f  merger were far too frequent to  be d is-  

missed as mere phonemic word variants (Jones) .  I had drawn from 

these findings the conclusion that it was reasonable to look upon 

the French vocalism as  containing two phonological systems, one 

richer and another poorer, or in my terms, a maximum system and a 

minimum system, one o f  them applied by certain speakers and in 

certain types of words, the other applied by others and in other 
words. I never concluded that some speakers used just one, others 
the other o f  those two systems in their entirety. I sti l l  do not 
know i f  there are native Parisians who make full use o f  the maximum 

system in any possible position and other native speakers who con- 

tent themselves with the minimum one throughout the vocabulary. 
What is certain is ,  however, that the latter case seems to be normal 
in the pronunciation of  numerous immigrants from the provinces and . 
particularly in southerners and French immigrants from North Afr ica.  È 
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There seems to be no doubt that the choice between a more 

complex and a more reduced system i s  determined by non—linguistic 

(soc ia l ,  cultural, and in the case o f  immigrants from other French- 

speaking areas, regional) fac tors .  The maximum system represents 

the complete set of  oppositions permissible according to the para— 

digm and al l  the syntagmatic dist inctions admitted by the distribu- 

tional laws - the minimum system the smallest number o f  distinctive 

units without which the message does not function and the identi— 

fication o f  the meaningful units ceases .  (When putting i t  that way 

I do not take into consideration fac to rs  such a s  redundancy and 

context . )  In other words, the di f ference between the two is one 

between what a speaker can and what he must do. The same interpre- 
tation.seemed to me to  be useful in the ana lys is .o f  other compli- 

cated systems, i . e .  the word accent problem in Scandinavia and 

(as  demonstrated in the article quoted in Acta Linguistica I I I ) ,  

the Oppositions /e/ - / 6 /  and /0/ — / o /  in I talian, where in both 

cases i t  i s  a question of  interference between dialects (or regional 

variants of  the standard), whereas in French the situation can at 

least partly be interpreted as one between diachronically different 

systems (though both present a t  the same time and transformed into 

social or individual phenomena). Consequently, a state of  language 

(introduced here as a translation o f  é ta t  de langue used in my 

French t ex t , 1  a concept which goes back at least as far as Saussure 's  

"Cours") may contain di f ferent s t ra ta ,  the most simplified o f  them 

pointing in the direction the evolution wil l  take i f  no intervening 

factors prevent i t .  I t  is from this point o f  View that such an 

idea may be useful for a correct interpretation o f  diachronic, or 

evolutionary phonology. A language thus becomes a harmonious a- 

chronic system, or rather complex o f  systems, whereas a state of  

language is a linguistic situation described as valid for a chosen 

period of  time or/and for a chosen spatial region or social stratum 

(al l  arbitrarily chosen).  

The minimal system o f  French vowels represents a reduction in 

relation to the fuller one; in purely synchronic terms a system o f  

inferior complexity. Diachronically it represents a loss o f  certain 
oppositions retained in the r icher one .  In a l l  the cases  under 

(1) See my article in.Mélanges Straka I ,  1970, reprinted in 
Malmberg, "Linguistique générale et  romane", Mouton, Paris 
1973, 155-159. 
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discussion, the distinctions are phonetically subtle. This means 

that the oppositions based on the slightest dif ferences o f  articula- 

tion and perception have been eliminated o r ,  in most of  our exam- 

ples,  reduced in their usage to a small number of  words, forms, 

and contexts. This is typical o f  what happens in languages in 

reduction or destruction (in evolutionary phonology, in aphasia, 

e t c . ) ,  and in reversed order in languages in construction ( in  the 

child, in the language learner, e t c . ) .  This is a consequence of  

Jakobson's law, implying that the complex system supposes the less 

complex ones, the subtle differences the rougher ones. We know 

that this law is  valid in language learning and in language loss.  

It must necessarily be taken into consideration also i n ' a  study of  

linguistic change (phonological or other) .  We also know that the 

complete elimination o f  a language — under the pressure o f  another 

or owing to lack o f  motivation for i ts  conservation — takes place 

according to the same hierarchic order. A situation such as the 

one reflected in the actual French vocalism is typical of  a stage 

which precedes a generalized simplification. This does not mean 
that the simplification will necessarily take place. The choice 
of the speakers may be directed towards a retention of  status quo, 
or even lead to a reestablishment of  the more complex system (an 

example seems to be the Opposition /e: /  - / e : /  in the Swedish pro- 
nunciation of Stockholm). 

My thesis is consequently that any state of language contains 

levels o f  different complexity from the maximum system maintained 

by strong linguistic norms, through degress of increasing simplifi- 
cation down to the minimum system, and even beyond these to defect 
forms of  language in the child, in aphasia, or in other disorders 

such as deafness, and in such foreigners and bilinguals as belong 

only partly to the socio-linguistic group in question. Any language 
system and, more generally, any semiotic system, is maintained 

thanks to a tradition respected by the members o f  society. I ts 

basis is the prestige o f  norms regulating people's behaviour. 
The structural reduction of  a system and i ts final elimination is 
the inverted function of  the strength of the norms which guarantee 
i ts validity. Consequently, the existence of  levels o f  varying 

structural complexity is due to the incapacity o f  the norm to main- 
tain the complete system down to the lowest strata o f  society, in 

the more distant parts o f  the linguistic community, and under un- 
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favourable external conditions. Those are only aspects of  the same 
phenomenon. In earlier studies and particularly with reference to 
Romance and Hispanic phonological evolution,2 I have proposed to 

talk about simplification in the periphery. I t  follows from what 

has been said so far  here that the concept of  periphery is used 

with reference to two dimensions: spatial and social.  The simpli— 

fied or defect linguistic usage in the lowest social and cultural 

strata is peripheral in the same sense as the form of language in 

distant regions, far from normative centres.  The concept of  dis- 

tance is  consequently taken as meaning horizontal as well as ver- 

t ical remoteness. With a slightly deviating use o f  the term it  

may even be extended to cover a weak (individual) mastery of  the 
functional system. 

I f  we look upon a state of  language as a unity of systems of  

varying complexity, it will be necessary to introduce as a further 

variable the concept of  choice. A Frenchman of  today may choose 

one type o f  structure or another. His choice will be determined 

by his preference for one or another of  existing norms (any lin— 

guistic usage being, of  course, governed by some norm). He may 

make his choice unconsciously and in aCcordance with his social 
(cultural) background, or in a conscious intention to manifest 
his position as belonging to the upper ten, or as loyal to the 
social group where he comes from or to which - for personal or 

ideological reasons - he wants to belong. In such cases, his choice 

of pronunciation may function in exactly the same way as his choice 
of clothes or his social behaviour in general. 

When, in my plenary report to the International Congress of  

Linguists in Bucharest (in 1 9 6 7 ) ,  I formulated the consciously and 

intentionally provocative thesis that language does not change and 

that what we call linguistic change is the speaker's choice of an- 
other language (taken here as a stable system of  functions, and in- 

dependent of  any time f a c t o r ) ,  I thereby wanted to stress the im— 

portance of  the choice factor in the evolution. I found it fruit- 
ful to see language as consisting of  strata or levels, the choice 
between which is determined by social evaluations, even by changing 

(2) Summarized in Orbis XI, 1, 1962, 131-178 (reprinted in 
"Phonétique générale et romane", Mouton, Paris 1971, 301-342),  

and, as far as Spanish is concerned, in "La America hispano- 
hablante", Istmo, Madrid 1970.  
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modes. We have seen that modifications by choice may in principle 

take place in two directions: downwards, towards a simpler struc— 

ture, and upwards, i . e .  replacing a simpler structure by a more 

complex one. The danger o f  homonyms, o f ten quoted as an important 

positive factor,  and the absence o f  them a s  a negative one, has 

probably been exaggerated. 

Interference (substratum, superstratum, adstratum) has often 

been quoted as an underlying factor in sound change. I t  supposes 

bilingualism. Bilingual areas and societies are given as examples 

of conditions under which the linguistic norm may be weakened and 

where system reductions a priori seem probable (well-known examples 
are the loss of  voiced stops in the French spoken in Alsace and 

the loss o f  the phonemic word accent in the Swedish o f  Finland). 
Now an important question ar ises:  are such peripheral simplifica- 

tions to be explained through direct influence from the language 

which ignores the distinction, or are they simply due to a general 

weakening of  the norms in a peripheral area? We know that voiced 

stops are relatively rare and that they come late in the chi ld 's 

linguistic development. We also know that phonological word tones 

belong to the subtle phonological distinctions, late in Swedish 

children and absent in cases o f  individual linguistic weakness. 
This question can hardly be answered. The e f f ec t s  are the same. 

When the change is just a phonological reduction, the interference 

theory is superfluous. Only when the new system contains new struc- 

tural features and/or structural relations do we have any real  

reason to consider an interference theory. The introduction into 

Northern GallOwromance o f  the phoneme /h/ as a consequence o f  the 
Frank colonisation (retained t i l l  today in some dialects, Normandy) 

is inexplicable without the foreign influence (and understandable 
in consideration o f  the socio-linguistic situation in the bilingual 

Frank kingdom). 

I t  seems, on the other hand, quite normal if  in a language 

in close contact with a quite different neighbouring one whose 
influence on the former is understandable (socially, culturally, 
politically, or simply through a quantitative dominance), we meet 

phenomena o f  phonetic realization of the phonological system which 
have to be explained through interference between different speak ing ]  
habits. The examples are numerous (the lack of  aspiration of  
Swedish—Finnish /p‚ t ,  k / ;  the pronunciation of the Spanish / j / '  
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phoneme as /âä/ in Paraguay; intonation and stress phenomena). 

These features do not belong to the phonological system str ict ly 

speaking (though they may play a part in communication on other 

levels than the strictly cognitive o n e ) .  And they may come to 
play a role at later stages in the phonological evolution (an 

example l a t e r ) .  

In my critical studies on Romance diachronic phonology, I 

have been very restrictive a s  far  as interference theories are 

concerned. I have tried to prefer internal evolution and peri- 

pheral simplification as explanations, the latter socially de— 

termined. 

The expansion o f  Castilian in medieval Spain which became a 

consequence o f  the reconquest (" reconguista")  from the Arabs, a s  

well as i t s  continuation (from 1492)  in America, implied numerous 

instances o f  structural simplification of  the phonological system 

(loss o f  the medieval opposition between voiceless and voiced 

fricatives, voiced and fricative s t o p s ) .  This evolution was par- 

allel with the social changes brought about by the political 

events. The medieval /€è/ was replaced by the interdental / e /  in 

the centre but confused with /s /  in the South and in America 

( "seseo" ) .  A widespread dialectal confusion of  liquids is found 
in (regionally and/or socially) peripheral strata all over the 
Spanish speaking world. I t  results in a substitution o f  one for 

the other (mostly a generalization o f  l ) ,  or in a phonetically 

intermediate type. A map published by Alonso—Lida (Rev. Fil. Hisp. 

VII, 1945,  320 )  of the extension o f  the merger in Spain shows i ts  

marginal character. Other phenomena of  simplification show a cor— 

responding spatial and social extension on both continents. The 

Spanish o f  America ref lects the differences of  political, social, 
and spiritual structure in the colonial period. The replacement 

of implosive “â in Spanish through an undifferentiated h—like 
fricative has the same extension as other "vulgarisms", in Spain 

and in America. Though it is a mere manifestation of  the g-phoneme, 
it may have secondary phonemic consequences (lengthening of vowels, 

change of vowel quality) and ought to be mentioned for this reason. 

A parallel evolution took place in medieval French and is st i l l  

reflected in oppositions like Fr. Ratte — EÄEE° 
Linguistic evolution would not be conceivable without the 

hierarchic differentiation o f  a state o f  language, without vari- 
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ability in the strength of  norms, and without a choice (free within 
limits) made by the members of the di f ferent social s t ra ta .  These 
are the essential factors in the socio-linguistic evolution. 

In conclusion: diachrony interpreted a s  a substitution o f  one 

system for another ( in any of  the dimensions o f  language) through 

a socially determined choice between possibilities of  varying com— 
plexity was the principle I wanted to submit for consideration to 
the Bucharest Congress o f  1967. I did it by saying: language does 
not change; man changes languages. 
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THE REALITY OF SOUND CHANGE: A SOCIOLINGUISTIC INTERPRETATION 

Fred C . C .  Peng, International Christian University, 10-2,  3 Chome, 

Mitaka, Tokyo, 181, Japan 

This paper attempts to summarize the latest findings o f  my 

research on sound change. It a lso contains criticisms o f  and com- 

ments on previous studies along this line. In the main, a new 

theory is proposed, suggesting that the process of  sound change can 

be observed within 939 generation. Given this theory, four ques- 
tions are asked, which become the focus o f  my argument in the 

course o f  discussion. 

The Problem 

Sound change has been an intriguing subject in general lin- 

guistics for almost two centuries. I wish to emphasize, however, 

that language as a code does not change by i t se l f ;  people who em- 

ploy the code change i t .  I t  i s  from this point of view that I 

shall address myself to the reality of  sound change. 

To begin with, let me identify the problem. Linguists have 
in the past been led to believe that i t  will take generations to 

produce certain changes and that the length of  time that is  needed 

to show such changes is  too long, or to put i t  the other way around, 

that the ongoing progress o f  such changes i s  too subtle and slow 

to allow any direct observation. 

Labov has recently challenged this traditional belief by ad— 
vocating that change can indeed be directly observed. However, 

Labov's observation o f  sound change in Martha's Vineyard, involving 

a claim that sound change may be captured while in progress, takes 

in three generations (Peng 1976,  7 0 ) ,  thereby yielding to the "myth" 

in the literature that changes occur across the boundaries o f  two 

or more generations. 

This myth was repeated once more by Johnson recently (1976) 
who claims that "The time span considered can be across several 

centuries or as few as two demographic generations" (1976,  1 6 5 ) .  

He thus concludes that "Specifying the terms ' f a s t '  and ' s low ' ,  we 
have given some support to the claim that change begins slowly and 

accelerates in succeeding generations, and we have given evidence 

that change advances more rapidly in urban than in rural communi- 
t ies" (1976,  171). 

In view o f  this (unfortunate) development, several questions 
need to be raised here, so as to eradicate once and for all the 
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myth that seems to persist in the literature. For the sake of 

convenience, these questions are asked below in the order in which 

I shall discuss them in this paper: 

Q1. Is i t  linguistically plausible to construct a theory o f  sound 

change that is  based on the assumption that sound change takes 

place across the boundaries of  two or more generations? 

0 2 .  I s  i t  true that change begins slowly and accelerates in suc- 

ceeding generations? 

Q 3 .  I s  it theoretically sound to generalize from one type o f  

changes in one language to the same type o f  changes in other 

languages? 

Q 4 .  Can linguists, historical linguists in particular, do them- 

selves justice by ignoring nonlinguistic changes when they 

deal with linguistic change? 

Previous Study on Sound Change within One Generation 

Let me quickly review what I said in Peng (1976)  concerning 

sound change within one generation. First  I took Nomoto’s 1950 

study and 1971 study and came up with the result that each individ- 
ual seems to continue developing his or her speech beyond 13 years 

o f  age, a t  an ever decreasing ra te ,  until the age o f  3 5  or there— 

about. I added that "Such is the case in most o f  the phonetic 

parameters" (1976, 8 2 ) .  I then proceeded to ask a question: I f  
changes can be directly observed to take place within one genera- 

tion, what are the mechanisms o f  sound change that may be discerned 

from the study? Five mechanisms were then singled out: Age factor,  

Educational background, Phonetic parameter ( i . e . ,  the choice of  

speech sound),  Oscillation ( f o r  what Weinreich called retrograde), 

and L i fe expectancy. Each mechanism was elaborated on the basis 

of  supporting data (1976 ,  8 3 - 9 0 ) .  

Second, I took Jespersen's metaphor and compared it with my 

alternative schematic representation of  language change, which may 

be recapitulated as follows (1976, 9 1 ) :  

Birth Parent Death 

Transm1331on Child 

Transm1581on Grandchild 

Figure 1. Illustration o f  Jespersen's Metaphor 
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Birth Death 

Parent marriage 3 5  

Transmission 

Child marriage 3 5  

Transmission 

Grandchild 

Figure 2 

Alternative Schematic Representation 
o f  Language Change 

This alternative theory suggests that the child can learn his 

language per fect ly ;  that in spite o f  his perfect  learning, the lan- 

guage in question st i l l  changes because the model the child learns 

his language from had changed considerably before the child was 

born; and that the ch i ld 's  model had, i n_ tu rn ,  learned from quite 

a different model, just as the child will serve as quite a dif fer- 
ent model to his own child. In this way, I concluded that a sound 

change, be i t  abrupt or not phonetically, can only be gradual in 

terms of  behavior within each individual, with smooth ( i . e . ,  per- 
fec t )  transmission from generation to generation (1976, 9 2 ) .  

To i l lustrate this point, let me make a distinction between 

changes in language behavior and changes in linguistic code. This 

distinction is important because the accumulation o f  changes in 

language behavior results in changes in linguistic code, and changes 

in language behavior are directly observable: on the other hand, 

changes in linguistic code may or may not be so observed if  one 's  

aim is to determine the end points, rather than the ongoing pro- 

cesses,  o f  the period o f  Operation o f  a sound change. An exempli- 

fication o f  this distinction is in order here. 

In his crit icism o f  the 'gradual v iew ' ,  Wang cites an inter- 

esting case as fol lows: "so ,  for a word like acclimate in which 

the pronunciation changes from [ a k l é j m a t ] ,  the only pronunciation 
found in some older dictionaries, to [ é k l t m e j t ] ,  where all three 
vowels are dif ferent ( in addition to the dif ference in accent pat- 

te rn) ,  it is surely unrealistic to suppose that there was a gradual 

and proportionate shif t  along all four phonetic dimensions" 

(1969, 1 4 ) .  
Note that while the change from the f i rs t  to the second pro- 

nunciation may be abrupt along all four phonetic dimensions or 
even one phonetic dimension, it is notwithstanding a change in the 
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system o f  the linguistic code. Thus, the abruptness is immaterial 

here, because any native speaker o f  English-can switch instantly 

from one pronunciation to the other with l ittle diff iculty. 

By contrast,  however, the change in language behavior from 

the f i rs t  to the second pronunciation must be gradual. This aspect 

o f  gradualness can be directly observed and measured as part and 

parcel o f  language behavior, among various groups o f  people with 

varying social backgrounds. 

From the above review it must now follow that i f  changes in 

language behavior can be systematically described, there is no need 

to wait for the result  ( i . e . ,  the end point) to show up in the code 

i tse l f .  We must come to grips with the ongoing process o f  changes 

in language behavior that underlie the net result of changes ( i . e .  

end points) in the linguistic code. 

Discussion 

With the conception o f  sound change presented above in mind, 

let me now return to the questions originally asked. First, I must 

mention that it is rather unfortunate that Johnson repeats the 

traditional view that sound change must take place across genera- 

tion boundaries. . 
Empirical evidence is  presented in Peng (1976 and n . d . )  that 

sound change takes place not only within each individual but at an 

ever decreasing rate,  that i s ,  taken cross-sectionally, a person - 

may change his linguistic system within his l i fe span but gradually 

reduces his rate o f  change until the age o f  3 5 ,  even though changes 

may continue to take place af ter  the age o f  3 5  (but a t  a much re-  

In light o f  this finding, i t  is hard to believe that 

sound change must take place across generation boundaries. 
duced r a t e ) .  

Second, given the above finding that sound change takes place 

within each individual at  an ever decreasing rate,  I must now ask 

whether i t  is true that change begins slowly and accelerates in 

Although the data presented by Johnson_ 

may seem suggestive o f  this tendency, a closer look at his data 
succeeding generations. 

indicates otherwise (especially when they are compared with ours):  
simply because ours can account for changes within one generation, 

whereas Johnson's (which include several sources) contain materials 

from at least three generations, each having a different age 

bracket and being younger than the preceding generation. For in- 
stance, he uses Labov's material from Martha's Vineyard (aw) that 
covers three generations; namely, Oldest Generation, Middle Genera- 
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tion, and Youngest Generation. But note that the three genera— 
tions correspond to age level 61  to 9 0 ,  age level 31 to 6 0 ,  and 
age level 30 and under, respectively ( c f .  Labov 1972,  2 2  and 2 7 9 ) ,  
and that there is no information about the changes that the younger 
age groups will exhibit when they reach the older bracket. Thus, 
when the numerical values (Johnson 1976 ,  168) o f  0 . 0 6 ,  0 . 3 7 ,  and 
0 . 8 8  are compared, the differences do not represent the accelera- 
tion o f  change rate in three succeeding generations; rather, they 
indicate three static manifestations o f  one continuous change 
taken cross-sectionally. In order to get the dynamics o f  change, 
what Johnson should have done would be something like this:  Wait 
for the people of  the younger generation to reach the next age 
level ( i .e . ,  30 years) and then compare their centralization with 
that o f  the older generation a t  the same age level. For instance, 
he should have got the numeric value o f  the Youngest Generation 
(under 30 )  when they reach the next age level (31-60)  and compare 

_ i t  with the numeric value o f  the Middle Generation when they are 
st i l l  at the level o f  31—60 and do Iikewise for the Middle Genera- 
tion and the Oldest Generation. 
done. 

But nothing of  this sort has been 
Consequently, he has no data whatsoever to support the claim 

of  acceleration in the rate o f  change. . 
By contrast, our data from the area study show exactly this 

kind o f  dynamics pertaining to change. That i s ,  the results of all 
age groups investigated in 1950 were compared, 21 years later, with 
those o f  similar age groups investigated in 1971. Thus, we have 
information not only on two comparable age groups, say,  3 5 - 4 4 ,  one 
taken from the 1950 study and the other from the 1971 study, for 
comparison pertaining to change, but also on di f ferent age groups 
taken cross-sectionally for comparison pertaining to the rate o f  
change. The data from the area study are then backed up almost one 
to one by our data from the panel study. Thus, in the case o f  sound 
change, we can comfortably conclude that al l  age groups have changed 
but that the rate o f  change goes down as the age goes up within 
each generation. 

From the aforementioned i t  must follow that there is  a certain 
degree of  incongruity in Johnson's data. For instance, how can he 
be sure that the f i rs t  generation (Oldest Generation) did not have 
a faster rate o f  change when they were younger and that the third 
generation (Youngest Generation) will not slow down when they grow 
older? In fact, his data support precisely what we have found if 
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his three generations are regarded cross-sectional ly, which is to 

say that the rate o f  change will be reduced in all cases,  e . g . ,  

Martha's Vineyard, as one goes from the Youngest Generation ( 0 . 8 8 )  

through the Middle Generation ( 0 . 3 7 )  to the Oldest Generation 

( 0 . 0 6 ) .  The fac t  that Johnson has no data for each individual 

within one generation (which, by contrast, we have in the panel 

study) regarding his or her changes suggests that he cannot be sure 

o f  the rate o f  change being faster  in each succeeding generation, 

that i s ,  accelerating in succeeding generations. To demonstrate 

this f a c t ,  let  me resor t  to a schematic representation of  language 

change. 

Figure 3 depicts sound change within o n e ' s  own l i fe time 

(notably from 15 to 44 years of age) with a plotted extension (dot- 

ted line) beyond 4 4 .  I have also circled three places which cor— 

respond to Labov's three age levels utilized in Johnson's data. 

The result o f  these modifications in the schematic representation 

is  recapitulated as fo l lows:  

Birth . . . . _ . ' — Death 

Age 10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  O ldest  G .  

0 . 3 7  

Birth . . “ _ T — _ - . _ _ _ 1 _ _  Î —  

Age 10 2 0  3 0  4 0  5 0  6 0  7 0  Middle G .  

0 . 8 8  

Birth 1 I .  ”'I'"'-l-—I-—.. 

Age 10 20 30 40 50 Youngest G. 

Figure 3 

Schematic representation o f  sound 
change and i ts rate 
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Observe now that this schematic representation shows that what 

Johnson has done is pick the three age brackets,  one from each ge- 

neration, with differing numeric values o f  vowel centralization 

(each o f  which fa l ls in line with and can be explained by the ra te  

of  sound change therein).  From my point o f  view, then, that the 

Oldest Generation has the lowest numeric value is  393 because, as 

Johnson has claimed, change begins slowly at f i rst but because the 

age bracket (61 -90 )  picked has, according to the schematic repre- 

sentation, already slowed down the ra te  o f  change; and likewise, 

that the Middle Generation and the Youngest Generation have suc- 

cessively increased their numeric values may also be explained by 

the fact that in the schematic representation they are younger in 

age and, therefore, stand higher in the rate o f  change. Consequent- 

ly, i t  i s  not at all because change begins slowly and accelerates 

in succeeding generations, as claimed by Johnson who also thinks 

that he lends support to the claim o f  Wang and Cheng (in their dis- 
cussion of lexical diffusion) and o f  Bailey that sound change fol- 
lows an S-curve (Johnson 1976,  1 6 8 ) .  (By an S-curve is  meant that 

sound change begins slowly and then increases rapidly [ i n  some cases 

leaving res idue ] . )  In the light o f  my explanation above, it should- 

be clear that none of  the assertions made by Johnson and others is 

true. 

At this point, I must add that certain sounds are more suscep- 

tible to changes than certain others (Peng 1976,  8 4  and 9 0 ) .  Given 
this view, which is  supported by factual data from Japanese, the 
rate of  sound change cannot be taken to mean that all language 
sounds (in a given language) progress in the same direction or a t  
the same pace. Neither is  i t  the case  that the same type of  sounds 

(in different languages) should have a f ixed rate o f  change. 
English may be cited as an example which shows marked ongoing 

changes in vowels rather than in consonants. This i s ,  of  course, 
historically true as well. However, another language, like Japa— 

nese, does not necessarily fol low suit;  my own study (Peng, 1976)  

clearly suggests that in Japanese consonants are much more sus— 

ceptible to change. Thus, to answer Q 3 ,  I must say that whatever 

there is to discover regarding sound change in progress based, say, 

on English vowels, cannot and must not be generalized to apply to 

another language, unless there is a very good factual ground on 
which to build such a theoretical construct.  I hope historical 

linguists have learned the lesson from the past ,  never to repeat 
the same mistake in the current exploration o f  sound change. 
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Conclusion 

Let me now summarize by presenting three points, so as  to 

bring the whole presentation to a c lose. First ly,  although lin- 

guists have been aware that when we speak o f  change i t  is people 

who change, and sound change is  simply a manifestation (or symptom) 

o f  human change, not enough research is  being done in, or attention 

paid to,  the probe o f  what I have called the dynamics of  change. 

This kind o f  study requires both cross—sectional and longitudinal 

investigations o f  fair ly large samples in the same areas with the 

same method a t  an interval o f  hopefully 20  years.  Since research 

o f  this nature is of ten painstaking and costly, historical lin— 

guists should turn to linguistic geographers and other social 

scientists for assistance in the provision of  advice and materials; 

in spite o f  linguists like Kurylowicz,who once renounced all sup- 

port from linguistic geography and other social sciences for in- 

ternal reconstruction (1964), it is through this kind of croSs- 
ferti l ization that language scientists can hOpe to achieve the 

goal o f  dealing with the dynamics o f  change, among other things. 

Secondly, I have a lso presented suff icient evidence to sup- 

port my claim that i f  i t  i s  pecple who change, the change i tsel f  

must take place within each individual to begin with, whose rate 

o f  change is a f fec ted  by h is or her own physical condition (age 

or maturation) as well as by the environment. Thus, as each in- 

dividual increases his or her age, the rate o f  change decreases. 

Nobody knows, however, what will happen i f  l i fe  expectancy is  ex- 

tended beyond 100 years o f  age, to the rate o f  change. 

Of course, l i f e  expectancy alone is not the influencing factor 

of  human change; the environment counts heavily in this regard, 

the foremost influencing factor in the environment being human 

interaction. Note here that although the Japanese now live longer 

(perhaps longest?),  57% o f  the Japanese population is crowded on 

only 2% o f  the land, according to the latest report prepared by 

the Prime Minister's Of f ice  (The Japan Times, June 27 ,  1977) .  In 
this respect, then, Johnson is probably right in saying that 

"change proceeds more rapidly in urban than in rural areas" (1976:  

1 6 5 ) .  I have reached a similar (albeit more substantial and elab- 

orated) conclusion (Peng 1 9 7 8 ) .  

Finally, I should mention that if human change is the key to 

sound change, more rigorous research is needed in such realms o f  
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specialization as phonetics, neurolinguistics, sociolinguistics, 

and pedolinguistics to help determine the change and development 

in the total behaviors of  humans as  organisms. 
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TEMPORAL RELATIONS WITHIN SPEECH UNITS 

Summary o f  Moderator's Introduction 

Ilse Lehiste, Department o f  Linguistics, Ohio State University 

The tit le o f  the symposium leaves Open the question of  the 
type and size o f  the speech units. The contributors to the 
symposium have indeed chosen to address themselves to units of  
quite different types and s izes.  Likewise, they have approached 
the problems connected with the temporal structure of  speech units 
both from the perspective o f  speech production and from that o f  

speech perception. The contributions include highly theoretical 
papers, papers presenting detailed results o f  experiments, and 

papers fal l ing between these two poles.  Some systematization 

appears to  be in order. I would like to present herewith a frame- 

work within which I believe the issues can be profitably formulated 
for the discussions which I hope wil l  follow. 

The framework involves three dimensions. One o f  them concerns 
the relationship between timing control in production and the role 
of timing in perception. The second dimension deals with the 
direction of  determination in the temporal organization of spoken 
language: specifically, with the question whether the timing of  an 
utterance is determined by i ts syntax, or whether there exist 
rhythmic principles in production and perception that are at least 
partly independent o f  syntax. The third dimension follows directly 

from the previous two and relates to the type and size of speech 
units.  What i s  the nature o f  those units,  and are they to be 

established on the basis of a morphosyntactic analysis o f  the 
sentence, or on some kinds o f  independent phonetic criteria? 

Clearly both production and perception are involved in oral 
communication by spoken language, and i t  would seem unnecessary 
to elaborate the point. However, I have had occasion to argue-— 
against considerable weight of opinion——that durational differ- 
ences in production, be they ever so significant statistically, 
cannot play a linguistically significant role i f  they are so 
small as to be below the perceptual threshold. I t  would be wise, 
I think, to remind oneself periodically o f  "the evident fact  that 

we Speak in order to be heard in order to be understood" (Jakob- 
Son et al. 1952) .  I hope, therefore, that in our discussion o f  
temporal relations within speech units, models o f  production and 
models o f  perception will be related to each other. 
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The second and third questions concern the direction o f  de- straints. Interestingly, a companion paper by Carlson et al. 

termination: does phonology follow syntax, or are we dealing with 

interacting, but parallel hierarchies? Some researchers have de— 

veloped programs for generating the temporal structure o f  a sen- . 

tence on the basis o f  segments and syntactic structure, without 

paying any attention to rhythm. This i s ,  I believe, due to a 

particular theoretical orientation. Generative phonology operates 

with segmental features; even suprasegmental features are attached 

to segments. And in a generative grammar, phonetic output is  the 

last step in the generation of  a sentence. An independent rhythm 
component simply has no place in the theory. For those scholars, 

then, the speech units are segments, phrases, c lauses, and sen— 

tences. (And i t  i s  quite interesting to see them struggle with 

units not foreseen in the theory, like syllables and phonetic 

words. )  Researchers who are not fully committed to this theo- 

ret ical viewpoint Operate with certain other units, such as speech 

measures or metric fee t .  Again, the reality of both kinds of  units 

can be studied from the point o f  view o f  production as well a s  

from that o f  perception. 

Practically all the issues I have outlined are treated in 

the papers contributed to this symposium. Production is  the main 

concern of the papers of  Allen, Bannert, Klatt, and Öhman et al.; 
perception is the focus in the papers o f  Carlson et a l . ,  Donovan 

and Darwin, Fujisaki and Higuchi, Huggins, and Nooteboom. 

Among the papers dealing with production, Bannert considers 

the e f f ec t  of  sentence accent on the duration o f  VC sequences, em- È 

ploying a rather complex concept—-vowel-to-sequence ratio V / ( V + C ) -  ! 

The relationship between the VC—unit and i ts  two parts represents 

a measure o f  the temporal structure o f  quantity o f  complementary 

length. 

ef fect  o f  the addition of  sentence accent to quantity in Stockholm 
Swedish; it remains to be demonstrated whether the unit is  a s  sig- 

Bannert shows that this unit is  useful in describing the 

nificant for perception as it i s  for production. 
The paper by Klatt presents a detailed scheme for the syn- 

thesis by rule of  segmental durations in English sentences. It is 
an almost pure example of  the approach that starts from an abstract 

linguistic description and ends up as a sequence o f  segments, whose 

durations are conditioned by other segments and by syntactic con" É 

-u-.
.-..-

.—.
._.._

....._
._. 

.
.

.
 .….. 

.. 

testing the output o f  K l a t t ' s  synthesis algorithm arrives a t  the 

conclusion that certain aspects o f  the durational pattern have 

greater perceptual importance than others. Vowel duration is more 
important than consonant duration; the durations between st ressed 

vowel onsets seem to constitute a particularly important aspect of 

sentence structure. 

The papers by Öhman e t  a l .  and by Allen concern themselves 
with production models in general. Öhman's et al. paper argues 
for a gesture theory of  speech production. Their examples deal 
primarily with the assignment o f  fundamental frequency and are 

thus somewhat outside of  the current topic. Al len's paper draws 
a useful distinction between descriptive models and theoretical 

models of  speech timing, and makes the intriguing prediction that 

theoretical models may be about to undergo substantial modifica- 

tion, primarily due to  the emergence o f  an "action theory" o f  

speech production. According to that theory, neural activity is 
hierarchically organized into successively higher levels of co- 
ordination, until the highest level of  a l l  can only be described 
in terms o f  the overall goal o f  the action. 

Among the papers devoted primarily to perception, Nooteboom 

presents a decision strategy for the disambiguation o f  vowel length 
in Dutch. 
of  applying i t  in ongoing perception. 

The strategy is complex, but listeners are fully capable. 
Fuj isaki and Higuchi present 

' a n  analysis o f  the temporal organization of  segmental features in 
Japanese disyllables consisting only of  vowels, and find that al— 
though the onsets o f  the transition for the second vowel are di- 
stributed over a relatively wide range, a perceptual analysis o f  
the onset o f  the second vowel shows relatively l it tle temporal 
variation. It thus seems that the apparent diversity o f  the onset 
of  transition in various disyllables is  introduced to maintain the 
uniformity of  perceived duration o f  segments. Fujisaki and Higuchi 
consider their results supportive of  a model in which the motor 
commands and the articulatory/acoustic realizations of  successive 
Segments are programmed in such a way that the perceptual onsets 
of successive segments are isochronous. 

The last two papers are likewise concerned with speech rhythm. 
Huggins finds that a correct rhythmic pattern, which is  basically 
isochronous, enhances intelligibility, while a badly distorted 
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timing pattern impairs it seriously, even though al l  phonemes are 

identifiable. Donovan and Darwin deal with the perceived rhythm 
of speech, and give special consideration to the problem o f  iso- 

chrony. Their paper tes ts ,  among others, a hypothesis that I had 

formulated in 1973 and discussed in more detail in 1 9 7 7 .  My ob— 

servation was that listeners tend to hear utterances as more iso- 

chronous than they really are, and that listeners perform better 

in perceiving actual durational differences in non-speech as com- 

pared to speech. I concluded from this that isochrony is largely 

a perceptual phenomenon. Donovan and Darwin have confirmed these 

resul ts .  They make two points in addition: f i r s t ,  that isochrony 

is a perceptual phenomenon which is not independent o f  intonation, 

and second, that it is a perceptual phenomenon confined to lan— 

guage--reflecting underlying processes in speech production. Dono- 

van and Darwin question the value o f  seeking direct links between 

syntax and segmental durations rather than indirect ones by way 

o f  an overall rhythmic structure. 
I should like to propose a few direct questions for starting 

the discussion. What i s  the relationship between rhythm and syn- 

tax? How should rhythm be integrated into models o f  speech pro- 

duction and perception? What are the physiological constraints 

within which the production and perception of temporal structure 

must take place? What, indeed, is  the nature o f  the temporal re- 
lations within speech units? 
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FORMAL AND STATISTICAL MODELS OF SPEECH TIMING: PAST, PRESENT, 

AND FUTURE 

George D .  Al len, Dental Research Center, University o f  North 

Carolina, Chapel Hil l ,  N . C .  27514 ,  USA 

Let us begin this paper, whose goal i s  to review the kinds o f  

models that have been developed in studies o f  timing in speech pro- 

duction and to suggest some possible directions for further research, 

by addressing brief ly the general nature o f  models. Although the 

usual sense o f  the word “model“ i s  that of  an analogy, there is 

much room for differences in usage. On the one hand, we can have 

a ”descriptive model“,  which models a set o f  observations, or data; 

a full-blown theory, on the other hand, models a complex and usually 

interacting set  o f  constructs. Intermediate between these two ex- 

tremes l ies the single hypothesis, which i s  a pro ject ion o f  a theory 

onto a subspace o f  smaller dimensionality (often a single dimension) 
and which is  " tested" by comparing i t  with a set o f  data. There 
are no theoretical boundaries between these three types of  models, 

and most studies which model some aspect o f  speech timing contain 

elements of  two (but seldom all three) of  these categories. 

Besides dif fering in the complexity o f  the structures which 

they re f lec t ,  models also d i f fer  in the intended accuracy with which 

they re f lec t  those structures. Some models, for example, are in- 

tended primarily as conceptual guides, with only a loose f i t  be— 

tween them and any existing data. Such models motivate the design 

of  further studies and the analysis o f  data gathered by them, with 

the usually explicit goal of  validation and refinement of  the orig- 

inal model. The "chain" and "comb" models suggested by Bernstein 

(1967) were o f  this sort and have served as the basis for many 
recent studies o f  speech timing control. Other models are tailored 
closely to data or some other real  world phenomena, their intent 

being more to parameterize the data ( fo r  example to permit compari— 

sons of  these parameters between different groups of  speakers) than 

to explain the process whereby the data are generated. K l a t t ' s  

(1975) study is an example of this kind of  data-matching model. 
As with the descriptive gg theoretical distinction mentioned above, 
these extremes also allow much room for di f ferences among models: 

about the only commonality among models in their "goodness—of-fit" 
to the data is that no model f i ts as well as i ts proponent would 
like. 
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A third dif ference among models is  what I have chosen to term 

"formal" gs "statist ical", though here again there is no true boumy 

ary between them. This contrast is  exemplified by the dif ference 

between "regression" and "correlation" in stat ist ics, the f i rst  

being used to describe the form of the relationship between two 

measures ( e . g . ,  i f  A i s - l O  cm taller than B ,  then A may be expectei 

to weigh about 5 kg more ) ,  the second an estimate o f  the strength 

of that relationship ( e . g . ,  A will weigh 5 i 1 .4  kg more, 9 5  per- 

cent o f  the t ime) .  Lindblom and Rapp (1973 )  have thus in this 

sense deve10ped a formal model o f  segment duration, whereas Kozhev- 

nikov and Chistovich (1965)  carried out the f i rs t  o f  many stat is- 

t ical studies seeking significant negative correlations between Um 

durations of successive segments a s  evidence of  temporal compensa- 

tion within production units. 

Let us now review some past and present models o f  speech timhm 

and i ts control in terms of  these different general features. This 

review unfortunately cannot begin to cover the wealth of  studies 

that now ex is t  in this area. I t  would be useful, for example, to 

try to relate models of  production to models o f  perception. In— 

stead I shall restr ict attention here to just a representative 

sample of  models o f  timing in speech production and h0pe that per- 

haps the symposium i tself  will bring about the more complete dis- 

cussion this topic deserves. 

One major class o f  models has concerned the durations o f  seg- 

ments, the earl iest studies dealing with vowel duration in English 

(House and Fairbanks, 1953 ;  Peterson and Lehiste, 1960 ;  Kim, 1966) .  

Although all of  these were primarily descriptive in their origin: 

Kim's was the most theoretical in its intent. By explicitly 

labeling the branches on his tree with fixed durational values to 

be attributed to plus- gg minus-tense vocalic nuclei or plus- gg 
minus—voicing of the arresting consonant, he cut some o f  the ties 

his model had to the data which generated i t  and aligned it  as 

well as he could with the constructs o f  distinctive feature theorY' 

More recent models o f  segment duration are those o f  Lindblom 

and Rapp (1973)  and Klatt  ( 1 9 7 5 ) ,  mentioned earl ier. Both o f  them? 

are descriptive models, though the data they describe, and thus 

their derivative models, are different. Lindblom and Rapp used 
phonologically restr icted nonsense material and described varia- 

tions in a segment's duration as a function of the number of seg' 
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ments, syl lables, and words following i t  in the phrase. K la t t ,  on 
the other hand, used a meaningful paragraph, sacrificing control 
over word- and phrase-length comparisons while retaining contrasts 
in local segmental and prosodic context and adding syntactic con- 
t rasts.  Interestingly, both o f  these studies describe segment 
variation as a contextually conditioned reduction in duration from 
a longest - "base"  form; several other related studies ( e . g . ,  Noote- 
boom, 1972;  Umeda and Coker, 1975)  have done the same, and Keating 
and Kubaska (1978) have suggested a role for this process in speech 
development. 

Although these carefully constructed models are in substantial 
agreement as to the major dimensions required for describing the 
durations o f  segments in the phonologically restr icted speech samples 
from which they were derived, other investigators have suggested 
that they do not model " rea l "  speech. Umeda and Coker ( 1 9 7 5 ) ,  for 
example, present an alternative model, based again on measured seg- 
ment durations but from corpora that are less  constrained by labora- 
tory conditions than, say, Lindblom and Rapp's (1973) or Nooteboom's 
(1972) data. Their data, and therefore their model, show the same 
local contextual effects as the others' (e .g . ,  neighboring segment 
and syllable types, degree of  s t r e s s ,  syntactic word c l a s s e s ) ,  but 
the longer term effects (number of syllables remaining in the word, 
and words remaining in the phrase) are absent. This difference ; 
shows clearly one o f  the principle hazards associated with models Î 
derived from data: an apparently important component or dimension 
of the model may turn out to be an ar t i fact  o f  the observational 
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situation. In this particular case the issue remains open. 
There are many other studies o f  segment duration that deserve 

recognition here, and much more that might be said concerning those 
studies which have been mentioned. Because o f  space limitations, 
however, let us move on to a second major class o f  speech timing 
models, those which have dealt with the control o f  the articulatory 
time program. Aside from the oversimplified but heuristically use- 
ful "isochronic" model o f  English stress ( c f . ,  e . g . ,  Pike, 1 9 4 5 ) ,  
the f irst model of  speech timing control appeared in Kozhevnikov 
and Chistovich ( 1 9 6 5 ) .  As noted earlier theirs tried, via sta— 
tistical techniques, to identify temporal compensation within pro- 
duction units, their underlying goal being to validate either the 
"chain" or "comb" model pr0posed by Bernstein (1967) .  Because of 
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procedural art i facts inherent to their method, however, they rec- ? 

ognized that they could not decide the issues from their data, ' 

and so they abandoned the temporal domain in favor of  the art ic— 

ulatory. Some later investigators ( e . g .  Lehiste, 1972 ;  Wright, 

1974)  were not so cautious and claimed evidence for temporal com- 

pensation in spite o f  warning by Kozhevnikov and Chistovich (1965)  

and Ohala (1970)  that variations in speech rate and measurement 

_ error could mask any true e f f e c t s .  Allen (1973,  1 9 7 4 ) ,  on the 

other hand, tried to  circumvent the methodological problem by pro— 

posing a stat ist ical model which used a statistic that was in- 

sensitive to rate variations and by including an explicit estimate 

of  measurement error.  In agreement with Ohala (1970 ,  1975)  he f o u n d '  

no evidence for temporal compensation within the freely spoken 

phrase, thus supporting the "comb" model (though only weakly, since 

a statistically negative result can never be strong evidence Egg 

any hypothesis). 

In addition to examining the relative validity o f  the "chain" 

and "comb" models, A l len 's  model had the additional advantage o f  

yielding a measure o f  the speaker 's timing control accuracy. In 

one study (Cooper and Allen, 1977) this model was partially vali- 

dated using speakers whose timing control was known to be poor, 

and in another (Tingley and Allen, 1975) the developing ability o f  

children's speech timing control was charted. As a result o f  these 

limited successes, Allen (1978) suggested that the methodological 

limitations inherent in earlier statistical approaches to the study 

of  speech timing control may yet be overcome. 

Although Kozhevnikov and Chistovich (1965)  and most other in- 

vestigators were seeking to discover units o f  speech production, 

Allen (1973) was equally interested in determining the nature o f  

the mechanism for speech timing control. Following Huggins ( 1 9 7 2 ) :  

Allen distinguished two possible models for such a mechanism 

("capacitor discharge" gg "neural counter") and discussed evidence . 

for and possible consequences of  each. For example, although Creel—g 

man (1962) writes that his data are incompatible with any periodic 

clock for temporal discrimination, thus arguing against a cyclicaLW 

activated neural generator, both Michon (1967) and Kristofferson 

(1976) present data with distinctly periodic components. No direct 

comparison of  the various models suggested so far for controlling 

speech timing has been performed, however, and the issue remains 

open. 

——-=l___ 
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This brief sampling of  models o f  speech timing may be summa— 

r ized as follows. (1) Most studies modeling timing in speech pro— 

duction either have described the temporal properties o f  known pro- 

duction units, such as segments, or have sought evidence o f  unknown 

units or the mechanisms whereby they are produced. ( 2 )  Although 

there have been some methodological di f ferences among studies, their 

results have been in substantial agreement, at  least within major 
classes of  models. ( 3 )  Many important issues raised by these stud— 

ies are apparently testable, but great care will be required to 

avoid methodological p i t fa l ls.  

What is the shape o f  things to  come in this area o f  study? 

Will tomorrow's models be refined variants o f  today 's ,  or will new 

concepts force a radical restructuring of  our thought? The answer, 

I believe, is "both". For some purposes, such as practical speech 
synthesis, refinements and straightforward extensions of  present 

descriptive models will be adequate for some time. Here the out- 

put must be acceptable as fluent speech, but the process by which 

i t  is generated need not model human (neuro-) physiology. 

There is  already under way, however, a t  least one radical 

restructuring, which will a f f ec t  profoundly the form of  models of  

speech production and perception. Turvey (1975)  and several o f -  

his colleagues have argued persuasively for what they call an 

"action theory" o f  speech production, in which the motor system's 

normal ref lexes are organized into ever higher levels o f  coordina- 

tion, the highest level of  all being sensibly describable only in 

terms of  the overall goal, or plan, o f  the action. Such mainstays 

of traditional speech production research as "segment", "coarticu- 
lation“, and "motor unit" become, in this view, projections o f  the 

plan onto subspaces o f  greatly reduced dimensionality, so simplified 

in most cases as to obscure the "true" process o f  production. 
Fowler (1977) has examined the implications o f  this kind o f  theory 
for models of  speech timing, giving us a good opportunity to glimpse 
at least the immediate future. 

At  a rather deep level of conceptualization, we may see more 
explicit appeal to the goals o f  the speech timing model; that i s ,  
it will be not only acceptable but even necessary to consider the 
function of  temporal structure in order to understand adequately 
what we observe. For example, such a statement as "Speech is made 
to be spoken" (Allen, 1975) will become literal rather than 
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figurative truth. 

Models of  "intrinsic timing", as Fowler (1977) terms them, 
may impose far more explicit constraints on the domain o f  control 

than do many present-day models. Since in that view the temporal 

figure is as  much a part o f  the speech ac t  a s ,  say, i t s  neuromus- 

cular features, intrinsic timing is an inherent property o f  the 

ac t ,  coterminous with i t ,  not something that is  imposed on it by 

an external timing generator that ex is ts  before and a f te r  as well 

as during. Hence i t  would be improper to speak, for example, o f  

"the effect o f  speaking rate on segment duration", since the ef fect  
is really on the whole structured act  within which the segment is 

embedded. 

Some models already refer explicitly to domains o f  temporal 

constraint. Lindblom and Rapp ( 1 9 7 3 ) ,  for example, use one param- 

eter to describe the e f fec t  o f  the number o f  syllables following 

within the same word and a second for the number o f  words following 

within the same phrase. Allen (1973) restr icts his model o f  timing 

control to e f f e c t s  within the breath group. Other local constraints, 

such as neighboring phonemic context,  are commonly imposed. Even 

so we may soon find the focus changing in our consideration of  do- 

mains o f  temporal constraint; since the timing is  intrinsic to the 

ac t ,  we would seek either to isolate acts as delimiters o f  temporal 

domains or to identify differences in timing control as evidence 

o f  action boundaries. We have often done this before,  but usually 

intuitively or even unconsciously, and with segmental phonology and 

orthography as our guides. Following "action theory“ into hie— 

rarchical systems of  coordinated reflexes may bring us some inter— 

esting surprises. 

Finally, we should st i l l  find as much need in models of  in— 

trinsic timing as in our present models for the notions o f  "temporal 

compensation" and "timing control mechanism“ ( " c l o c k " ) .  The assump- 

tion that motor action plans are organized hierarchically implies 

that temporal compensation will appear at  a l l  levels below the very 

highest; otherwise the temporal figure could not be intrinsic to 

the plan. Moreover, as long as neuromuscular events within the 

plan do not follow rapidly one upon the other, as  fas t  as the 

associated lowest level ref lexes allow, a centrolling mechanism 

must be assumed to decide when to move on to the next. I t  could 

be proposed that the neural structures and pathways responsible 
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for coordinating the action of muscles in space are simultaneously 

responsible for their temporal patterning as wel l ,  i . e . ,  the plan 

is i ts own clock. The dissociation of temporal from spatial con- 
trol in such dysrhythmic conditions as cerebellar ataxia, however, 

suggests strongly that a separate mechanism wil l  continue to be 

needed in adequate models of  timing in motor action plans. 

In conclusion, we may expect that descriptive models o f  speech 

timing will continue to be elaborated, with fairly clear lines o f  

historical development from the very earl iest descriptions o f  seg- 

ment durations. Theoretical models, on the other hand, may be about 

to undergo substantial modification, as  we revise our conceptualiza- 

tion o f  the speech production process and o f  the relationship o f  

timing to that process. 
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THE EFFECT OF SENTENCE ACCENT ON QUANTITY 

Robert Bannert, Phonetics Laboratory, Lund University, Sweden 

This paper will focus on the phonological aspects o f  the 
temporal structure o f  quantity in Central Swedish. I t s  domain is  

the vowel and consonant sequence resulting in the temporal pattern 

o f  complementary length, namely vowel + short consonant ( V : C )  or 

short vowel + long consonant ( V C : ) .  Quantity wil l  be studied from 

the sentence perspective by investigating the prosodic e f f e c t  o f  

sentence accent (SA)  on the VC—sequences. 

Investigation 

The tonal manifestation o f  SA in Stockholm Swedish i s  treated 

exhaustively by Bruce ( 1 9 7 7 ) .  The present investigation builds on 

his tonal findings. Two speakers from Stockholm, EH, female, the 

main informant in Bruce (1977 )  and TB, male, representing the same 

dialectal variety, produced. the ' test  material.  The t es t  words were 

gtgka (V:C) and stöcka ( V C : ) .  The qualitative difference between 
the long and short vowel i s  rather small. They were placed 

alternatively in one o f  the three positions ( 1 , 2 , 3 )  in the base 

sentence I"'Man kan lämna länga nunnor ef ter  â t ta . "  (One can leave 
l 2 3 

tall nuns after e igh t ) .  The tes t  words, like the basic words 

(underlined) in the three sentence posi t ions, are s t ressed with 

word accent 2 on the f i r s t  syl lable. 

The tes t  material consisted o f  12 sentences. Six o f  them 

contained the test words in one of  the three accented positions 
without SA,  SA falling on the adverbial. The other six sentences 
contained the test words with SA. 
Results and discussion 

The VC-sequences without sentence accent are regarded as  a 
reference for studying the e f f e c t  o f  SA on quantity. 
1. The temporal structure o f_guant i ty .  The overall means o f  the 
durations o f  the vowel and the following consonant are plotted in 
figure 1. The diagram represents the temporal Space for the mani- 
festation o f  the VC—sequences (lower limitations in terms of  in- 
compressibility, o f  Lindblom e t  al  1976 ,  l e f t  a s i d e ) .  The range is 
illustrated by ellipses, constructed according to the standard 
deviations o f  vowel and consonant. The data points o f  both speakers 
and both types o f  sequences fal l  in such a way that they may 
easily be accounted for by straight lines. The temporal structure 
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Figure 1. The e f f e c t  o f  sentence accent on the temporal structure 

o f  the /V :C / -  and /VC:/-sequences, consonant durations 
plotted against vowel durations. Sentence accent with 
broken-line c i rc les .  Pooled means and standard deviations 
for two speakers from Stockholm. 

of the two types o f  sequences with and without SA are very similar 

for both speakers. Figure 1 shows also that the sequences with SA 

not only l ie further apart from those without SA:  Each type of  

sequence is  also more separated from i t s  counterpart. 
The temporal e f fec t  of  SA on quantity in Stockholm Swedish 

is a considerable increase of  the segment durations which makes the 
temporal structure of the two contrasting VC—sequences more dis- 
similar. Thus the temporal contrast becomes clearer in focus 
position, given 

2 .  The increase 

do not increase 

the increase o f  
o f  each type o f  

more prominence by the SA. 
of  segment durations. The durations of  the segments 
in a uniform way. It is evident from figure l that 
segment duration is largest for the lggg segment 
sequence, i . e .  the long vowel in ( y z c )  and the long 

consonant in ( v g z ) .  
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The V/C relations. The pr0portion o f  the increase o f  segment 

duration in each position and in all positions together is  given 

in table 1. The ratio of the durational increase is defined as  the 

relationship between the consonant and the vowel, k=AÇ[Ôÿ. I t  

expresses the degree of  lengthening o f  the consonant compared to 

that o f  the preceding vowel. 

Table 1. Increase in segment durations. The factor 3 gives the 
pr0portion of  the lengthening of  the consonant compared 
to that o f  the preceding v o w e l . -  

sequence speaker position 
1 2 3 1—3 pooled 

TB 0.48 0.43 0.72 0.53 
V'C EH 0.46 0.48 0.39 0.43 0'43 

TB 4.70 5.17 6.18 5.36 
V C° EH 3.00 1.76 2.06 2.23 3'50 

Although there is some variation across the three sentence positions 

for both Speakers, the short consonant is  prolonged approximately 

by a factor of 0 . 5  of  the preceding long vowel, while the duration 

of the long consonant increases much more in comparison with i t s  

preceding short vowel. 

A non-uniform change o f  segment durations in VC-sequences 

with complementary length is  also found in other prosodic contexts 
in Central Swedish and also in Central Bavarian, namely with di f fer-  

ing speaking rates and stresses (contrastive vs neutral) and for 

words pronounced in isolation vs embedded in a sentence ( c f  Gârding 

et al 1975, Bannert 1 9 7 6 ) .  This would suggest that the increase 

in.segment duration due to different conditions is both linear 

and non-uniform. 
The degree of  lengthening. When the relationship o f  the non-uni- 

form increase in segment duration between the vowel and the follow- 
ing consonant is established, i t  i s  suff icient to know the degree 

of lengthening for only one segment, e .g .  the vowel. The relative 
degree o f  lengthening of the long and short vowel i s  given in 
table 2 .  

For this parameter, too, the change is  not invariant. Both 

speakers behave differently for the three sentence positions and 
for the two categories o f  vowels. These differences may be accounted 
for with reference to two individual di f ferences:  
1) There are different durations between the Speakers on the three 
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Table 2 .  Percentage of the increase in vowel duration with SA. 

sequence Speaker position 
1 2 ' 3 1-3 pooled 

_ TB 42.7 48.4 29.9 39.9 
V‘C EH 28.4 38.9 36.1 34.3 37°2 

TB 10.2 12.5 10.9 11.2 
V C‘ EH 14.9 20.5 19.8 18.3 14'5 

sentence positions in the reference cases without SA (figure IL 
2)  The Speakers have two different tonal behaviours. Speaker EH 

has a tonal rise in the postconsonantal vowel, the pitch level 
o f  which is  lower than that in the accented vowel. Speaker TB, 
however, reaches the high Fo-level for the SA, which is  higher 
than that in the accented vowel, in the consonant i t se l f .  
Therefore, TB seems to need more time for producing the con- 
sonant. ' 

But these minor differences in temporal behaviour remain well 
within the typical pattern of complementary length. 
3 .  Preserving the temporal identity of the VC-sequences 

It can be hypothesized that the change in the temporal 
patterns of the VC-sequences is governed by a dominant phonologic- 
al principle, which is  due to perceptual mechanisms: Preserve or 
sharpen the temporal contrast. 
Two ways of increasing segment durations. There are two possibilitnu 
for the means by which segment durations in focus position may be 
increased: " 
( l )  equally to both segments either in absolute terms (ms) or as 

a percentage of the segment duration without SA, 
(2 )  differently to both segments. Then the question arises: How 

different and why? ' 
In figure 2 ,  two kinds of  equal increase of segment duration and 
their ef fect  on the temporal pattern of  the sequences are illustrat- 
ed. The reference points are the pooled means for the durations of 
the /V:C/- and the /VC:/—sequences without SA for both speakers 
taken together. 

An absolute increase in the duration in ms, equal for both 
the vowel and the consonant, will result in shifting the vc-points 
along a straight line, corresPonding to the slope k=l. As a conse- 
quence, however, the temporal structures of  the two contrasting 
sequences will become more similar to each other. It is known 
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Figure 2 .  Different ways o f  increasing segment durations in the 
VC-sequences. The factor k gives the degree o f  lengthen- 
ing for the consonant compared to the preceding vowel. 

that durational differences must become greater with increasing 

segment duration in order to be perceived (c f  the discussion in 
Lehiste 1970) .  

A relative increase of  the duration,equal for both segments, 

is shown by the dotted lines. The slepe (factor k) is now smaller 
for the /V:C/-sequence and larger for the /VC:/—sequence due to 
the asymmetric temporal structure within the sequences. This rela- 
tive increase will result in enlarging the temporal difference 

between the sequences. But it seems obvious that this equal rela- 
tive change o f  duration does not lead to a sufficient dissimilarity 

between the sequences with SA, either. The measured pooled means 
clearly lie further apart from each other than either of  the 
possibilities would predict. Whereas the duration of the long 
vowel increases twice as much as that o f  the following short con- 
sonant (kzo.5) ‚  the duration of the long consonant increases by 
far faster than that o f  the short vowel ( k x 3 ) .  
The segment—to-sequence rat io.  Due to the temporal patterns of the 
VC—sequences, they can be viewed as a unit o f  production and per- 
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ception. Then the relationship between the unit and i ts two parts 
will represent a measure o f  the temporal structure of  quantity o f  
complementary length. The vowel-to-sequence ratio V/(V+C),  ex- 
pressing this relationship, was introduced by Bannert (1976) and 
applied to three languages with complementary length, Central 
Bavarian, Northern Icelandic, and Central Swedish. 

Because of  the phonological dependencies between the vowel 
and the following consonant, i t  seems inadequate to state the 
temporal structure of  VC—sequences with complementary length by 
calculating the segment ratios V/V: and C/C: (c f  the criticism in 
e .g .  Lindblom et  al 1 9 7 6 ) .  Neither o f  these ratios can account for 
the temporal changes of  the two speakers. 

The segment-to-sequence relations, given as the V/(V+C) 
ratios, are plotted in figure 3 .  It i s  clear that, when represent- 
ed in this way, both speakers change the temporal structure of  the 
sequences in exactly the same way. 

I I " I l I I I Î 

TB 
EH - . v: *SA 

(3V TB “SA 
EH n n c a l I 1 n . _ 

0 50 100 % 

VOWEL-TO-SEQUENCE RATIO vl(V+c) 
Figure 3 .  Variation o f  internal temporal structure of  the VC- 

sequences in sentence accent position for each speaker. 
The relationship between the segments within the 
sequences i s  expressed by the vowel-to-sequences rat io. 

The addition of SA to quantity in Stockholm Swedish in- 
creases the temporal distance, e .g .  in terms of  the segment-to- 
sequence ratio, between the two types of  VC-sequences. Thus the 
temporal contrast for perception is well maintained or even en- 
larged. 
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E SOME NOTES ON THE PERCEPTION OF TEMPORAL PATTERNS IN SPEECH 5 be tween sy l lab le  n u c l e i ,  as  wel l  a s  the i n te rva l  between onse ts  o f  

Ro l f  Car l son* ,  B jö rn  Granstr6m*, and Dennis H .  K l a t t ,  M a s s .  I n s t .  s t ressed  vowe ls  ( a  measure  r e l a ted  t o  the foo t  concep t )  have  been 

o f  Tech . ,  Cambridge,  MA 02139  USA.  [ * A l s o  Dep t .  o f  Speech 

Communication, KTH, S-10044 Stockholm, Sweden.] 

shown to be perceptually important (Carlson and Gransträm, 1975; 
Huggins, 1972; Leh is te ,  1977) .  

This l eads  to  the ques t ions  t h a t  we wish t o  add ress :  g i ven  a 

i 

Ë Introduction. Prosodic fac to rs  in speech have recent ly  
j pr imary i n te res t  in  the funct iona l  proper t ies  o f  a model o f  a t t r a c t e d  a remarkable amount o f  l ingu is t ic  and phonetic r e s e a r c h .  

… A prevalent  po in t  o f  v i e w  i s  that prosody i s  o f  paramount impor- 

? t a n c e ,  bo th  for  na tu ra lness  and in te l l ig ib i l i t y  o f  speech .  As a 

r esu l t  o f  t h i s  b e l i e f ,  a change can  now b e  seen in  the  methods 

. d  adopted in Speech t ra in ing for hard-of-hearing and foreign 

prosody, what demands should we put on i t ?  What aspects o f  the 
descr ip t ion a r e  most important? Wi l l  d i f f e ren t  models  be  ranked 

in the same order i f  d i f fe rent  c r i t e r i a  such as  naturalness and 
in te l l ig ib i l i ty  a r e  used? 

language s tudents .  The inc reased  focus on suprasegmental  compared In our present  s tudy  we h a v e  eva lua ted  both the natura lness 

to  segmental a r t i cu la t i on  i s  poss ib ly  advantageous .  From a and in te l l ig ib i l i ty  o f  sentences wi th  s e v e r a l  d i f fe ren t ‘dura t iona l  

sc ien t i f i c  point o f  v i e w ,  however ,  v e r y  l i t t l e  evidence i s  yet s t ruc tu res .  As  a s ta r t i ng  point we have  used a vers ion  o f  K l a t t ' s  

avai lable on the quant i tat ive importance of‘ prosody. This is ' durational rules for American English (K la t t ,  1979) that we use in 
especia l ly  t rue o f  the r e l a t i v e  importance o f  d i f f e ren t  aspec t s  o f  the MIT t ex t - t o -speech  p r o j e c t  ( A l l e n ,  1 9 7 6 ) .  

the prosodic p a t t e r n .  Test  Ma te r ia l .  An a lgor i thmical ly  complete ru le system is  

From a s tudy  employing synthet ic speech (Huggins, 1 9 7 6 ) ,  we meant to  genera te  a f i r s t  o rde r  approx imat ion t o  the durat iona l  

know that  r ea l l y  dev ian t  dura t ions  and fundamental f requency structune o f  any  spoken English sen tence .  In order  t o  eva lua te  

contour dec reases  i n te l l i g ib i l i t y .  Prosodic  pa ramete rs  h a v e  a lso such a system o f  r u l e s ,  a v a r i e t y  o f  syn tac t i c  and phonological  

been shown to  be e f f e c t i v e  in disambiguating sentences (Lehiste gt structures ought to  be tes ted .  The tes t  mater ia l  in our 
al,, 1 9 7 6 ) .  Our conce rn ,  howeve r ,  has  more t o  do w i th  what exper iments,  p resen ted  be low,  could include only a smal l  sample o f  

in format ion an e x p l i c i t  desc r i p t i on  o f  p rosody h a s  t o  supply and such s t ruc tu res .  These include Anna a c t i v e ,  pass i ve ,  quest ion,  
the p rec is ion  wi th  which i t  i s  supplied. simple, compound, and complex embedded sentence t y p e s .  Both short 

and long noun phrases are  represented. In Sentence 8 ,  the " )n"  
a f ter  "seafood" is  specially used to  indicate that the following 
preposi t ional  phrase i s  a sentent ia l  mod i f ie r ,  ra ther  than 
modi fy ing the " i c y  seafood" noun phrase .  

Descr ip t ive» models  for  segmental durat ion and fundamental 

f requency h a v e  been designed for a number o f  languages.  Typ ica l ly  

these models a re  based on material read repeatedly by  a single 
speaker in ea neutral ,  non-emphatic way. Subjects can perform 
remarkably consistent ly within such a recording session, but an Test Sentence measured dur. synth.dur. 
examination o f  spontaneous speech reveals great variabil ity in the (msec) (msec) 

, _ _ 1. Someone a t  the table ) n  ordered hot and sour soup. 2365 2615 prosodic real izat ions o f  a given sentence. 2 .  Going to school ) n  was an adventure.  625 1860 
, _ 3. He who eats  too  much ) c  wi l l  become f a t .  _ 2105 2295 Thus i t  i s  not clear how precise the speci f icat ion o f  A. If Kate ) n  goes,  Bi l l  ) n  wil l  eat  her orange. 2430 2385 

duration i s  in the speech code common to speaker and l istener. We 5° Old 3885 ) n  of ten SPOil french bread. 2200 2330 
_ _ _ 6 .  The fa t  brown tu rkey  ) n  was chased by  everyone.  2H95 2u15 also know that perception imposes cer ta in  restr ict ions on how 7 ,  Do you think that i t  will rain? 1370 1uso 

prosodic e f fec ts  could be appreciated (Klatt and Cooper, 1975)- 8° Pete ) n  ate icy seafood ) n  on the veranda. 2195 2155 
- .  F i t d '  (C __ i 9 .  Frank )n  saw pret ty  s t reetcars  ) n  in San Francisco. 2755 28ü5 „ rom prev ous s u ies  arlson and Granstrom, 1975; Fujisak , where: Noun Phrase Boundary = ) n ,  Clause Boundary = ) c  

1975) ,  we know ‘that the sensit iv i ty '  to  durational changes is  
greater  in  vowels  than in consonants.  The durat ional  balance 
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These sentences were  reco rded  s e v e r a l  t i m e s ,  t h e  most  na tu ra l  

sounding reco rd ing  was s e l e c t e d ,  and the dura t ion  o f  e a c h  segment 

w a s  measured .  S ince the  ru les  a r e  in tended t o  ma tch  the speech  o f  

a part icular speaker (DHK),  the same subject  was employed in the 
record ing  sess ion .  Nine d i f f e r e n t  ve rs ions  o f  each sen tence  w e r e  

syn thes ized  and put on  language mas te r  c a r d s .  The syn thes is  

algorithm i s  d iscussed in K la t t  (1979 ) .  The vers ions l i s ted  below 

include three (3—5) that might be expected to  be p re fe r red  over 

ve rs ion  Ru le  ( s i n c e  the R u l e  du ra t ions  a r e  a d j u s t e d  in p a r t  toward  

Ref  durat ions) and four vers ions ( 6 - 9 )  expected to  be worse than 

Rule (s ince  va r i ous  ru les  contained in Rule have been de le ted ) .  

1 R e f  Syn thes i s  b y  ru le  us ing the measured du ra t ions  f rom 
na tu ra l  speech ,  but  norma l i zed  l i near l y  over  the  
whole sentence t o  ge t  the same to ta l  dura t ion a s  Ru le .  
Th is  ad jus tment  o f  the speech r a t e  was  r a the r  smal l ,  
averaging 6 pe rcen t .  

2 Rule Syn thes is  us ing  the r u l e  sys tem.  

3 Vowel  Synthes is  us ing the vowel  durat ions from R e f  and 
the consonan t  du ra t i ons  f rom Ru le .  

1 Cons Syn thes is  us ing the consonant du ra t ions  from R e f  
and the vowe l  dura t ions  f rom Ru le .  

5 S t r e s s V O  Syn thes i s  u s i n g  the du ra t ions  f rom Rule but  l i nea r l y  
norma l i zed  between s t r e s s e d  vowe l  o n s e t s  t o  ge t  the 
same dura t ions  be tween  onsets  o f  s t r essed  vowe ls  a s  
in R e f .  

6 NoParse  Syn thes is  us ing  the ru le  sys tem,  bu t  d i s rega rd i ng  
the syn tac t i c  boundaries marked b y  " ) n "  and " ) c " .  

7 SimpleFL Same a s  Simple (be low) but with clause-f inal 
lengthening a t  punctuat ion marks .  Each segment 
a f t e r  and inc lud ing the l a s t  s t r e s s e d  vowe l  i s  
assigned increased durat ion by  a fac tor  o f  1 . 6 5 .  

8 Simple Synthesis using a v e r y  simple rule system: 
S t ressed  vowel  ' Dur:  . 8 0  * inherent  durat ion 
U n s t r e s s e d  v o w e l  Dur: . 6 0  * inherent  dura t ion  
S t r e s s e d  consonant  Dur: . 9 0  * inherent du ra t ion  
Uns t ressed  consonant Dur: . 6 5  * inherent dura t ion  

9 Random Synthesis using the re ference durat ion,  but randomly 
mu l t ip l ied  o r  d i v i d e d  by  a f ac to r  determined b y  the  
dev ia t ion between Rule and R e f .  This condit ion was 
included a s  a c lea r  example o f  a bad sys tem.  

|.
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Experiment I :  Natura lness.  Nine phonetical ly t ra ined 

subjects (nat ive speakers o f  American English, working at RLE,MIT) 
were asked to sort  the nine versions o f  each sentence according to 
naturalness. o f  the durat ional  st ructure.  The sub jec ts  used a 
language maste r  and headphones. A f t e r  the order for  a par t i cu la r  
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sentence t y p e  was  s e t t l e d ,  the s u b j e c t  ass igned a number 
corresponding In) subject ive naturalness ( f r o m  0 - 100)  to  each 
vers ion .  Most  o f  t he  s u b j e c t s  f i n i shed  the  task  wi th in  two  h o u r s .  

In some c a s e s ,  the  t a s k  requ i red  s e v e r a l  s e s s i o n s .  S ince  the 
subjects  used d i f f e ren t  s c a l e s  in the r a t i n g  t a s k ,  t h e  d a t a  f rom 

each s u b j e c t  w e r e  normal ized to  produce a mean o f  0 and a s tanda rd  
deviat ion o f  100.  Mean ra t ings ac ross  sentences (Table 1, Column 
labeled "mean")  i nd ica te  tha t  R e f ,  R u l e ,  V o w e l ,  and St ressVO a r e  
judged to  be s ign i f i cant ly  more natural  than the o thers .  

The reproduc ib i l i t y  o f  the  na tu ra lness  r a t i n g  for  a sub jec t  
was es t imated from sen tence  s e v e n ,  which had no s y n t a c t i c  markers  
in the input r e p r e s e n t a t i o n ,  and  was thus i den t i ca l  in  v e r s i o n s  
Rule and NoParse.  The mean normal ized d i s t a n c e  ac ross  sub jec ts  
fo r  this pa i r  was 2 6 ,  which compares favorab ly  t o  a t yp i ca l  
s tandard  d e v i a t i o n  o f  6 0  fo r  the  obse rva t i ons  under ly ing an 
element in the mat r ix  (Table 1 ) .  This suggests that  subjects  were 
quite cons is ten t  in  thei r  ra t ings compared to the i n te r sub jec t  
v a r i a b i l i t y .  The es t imated s t a n d a r d  d e v i a t i o n  o f  each  element in  
the mat r ix  is  about 20 (60 d iv ided by  the square root  o f  9 ) .  The 
s tandard  dev ia t i on  (xt the mean ac ross  sentences  i s  g i v e n  in  the 
table for each vers ion .  

Table 1. Naturalness ra t ings  from Experiment I ,  as  averaged across 
nine s u b j e c t s .  Column A i nd i ca tes  the number o f  e r r o r s  for  6 ver— 
sions used in an intel l ig ib i l i ty  t e s t  descr ibed in Experiment I I. 
Versions 3 , ”  and 9 were not included in Experiment I I. 
ve r -  sentence mean s t . d .  A 
sion 1 2 3 H 5 6 7 8 9 
1 78  5 8  1 7  3 3  2 1  6 8  —18 5 1  78  H3 8 2 
2 18 33 u7 32 70 70 86 17 23 un 7 12 
3 8 6  60  2 8  0 5 2  10H un 81  no  55  7 - 
u o -2 6 7 3  3 8  7 1  -25 —23 61 22 8 - 
5 99 28 -2 81 35 108 -25 50 92 52 8 9 
6 1H 66 3 30 -101 33 70 11 su  20 8 12 
7 -36 u 22 21 -11u u H3 6 -80 -1n 9 15 
8 -63 —66 3 -169 -146  -30 -125 13 -127 -79 11 zu 
9 -116 -168 -169 -132 -163 -1u8 -150 «190 —80 —1u6 9 — 

Egperiment I I: Intel l ig ibi l i ty.  Some o f  the versions used in 
Experiment I were included in an intel l igibi l i ty tes t  that was 
presented  ind iv idua l ly  t o  18  MIT s t uden t s .  These sub jec t s  were  
phonetically na ive ,  na t i ve  speakers o f  American English, and 
unfamiliar wi th synthetic speech. Before the t es t  was run,  the 
subject l istened to  a short passage o f  synthet ic speech (75  sec)  
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t o  ge t  acqua in ted  to  the speech qua l i t y .  Th is  f am i l i a r i za t i on  
process has been shown t o  be ve ry  rapid (Car lson e t  a l . ,  1976) .  
The number o f  word errors out o f  122 possible words (excluding 
a r t i c les )  is shown in Column A o f  Table 1,  and i s  plotted against 
the natura lness ra t ing data  in F ig .1 .  

L 
“ l I I I ! I l l 0 
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D i scuss ion .  I t  i s  c lea r  from r a t i n g s  and comments g iven on 

the answer sheets ,  tha t  s u b j e c t s  h a v e  d i f f e r e n t  p re fe rences .  ' F o r  

example,  R e f  i s  no t  cons idered b e s t  b y  al l  sub jec ts  for a l l  

sentences.  This might be a quest ion o f  d ia lec ta l  pre ference or 
id iosyncrat ic  d i f f e r e n c e s .  Another poss ib i l i t y  i s  t ha t  durat ions 

f rom natural  speech,  imposed on synthet ic  speech w i th  a somewhat 

d i f f e r e n t  r e a l i z a t i o n  o f  F0 and segmental  con ten t  cou ld  cons t i t u t e  

an incompatible combination. There i s  no  way  o f  cont ro l l ing for 

th is  in the present  s t u d y .  A para l le l  s tudy  using LPC-coded 

natural  speech might shed some l ight  on th is  i s s u e .  

Ref  and Rule have about the same mean naturalness score in 
Table 1 ,  ind ica t ing  that the dura t iona l  ru les  produce a s  na tu ra l  a 

durational structure a s  our reference speaker (POINT 1) .  However, 
i t  should be noted that the tes t  mater ia l  consist  o f  rather short 
sentences without e . g .  the  semant ic  r e l a t i o n s  between sen tences  

that  e x i s t  in paragraph-length ma te r i a l  and that  the 

intel l ig ibi l i ty o f  Rule was somewhat lower than that  o f  R e f .  
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We wanted t o  examine how the in termedia te  v e r s i o n s  b e t w e e n  

R e f  and Rule ( V o w e l ,  Cons ,  and  S t r e s s V O )  a re  o r d e r e d .  Th is  cou ld  

no t  be  done i f  we a r e  no t  su re  tha t  the re la t i on  between R e f  and 

Rule i s  the same for a l l  subjects .  Therefore, in  Table 2 ,  the 
resu l t s  a r e  p r e s e n t e d  a f t e r  d i sca rd ing  the  d a t a  on a sen tence for  

each sub jec t  who ra ted  Rule higher than R e f .  (This w i l l ,  o f  
c o u r s e ,  reduce  the na tu ra l ness  score for Rule re la t ive t  to  a l l  

other v e r s i o n s . )  
T ' ' ' 4T7 r ' ' ' F igure 2. Mean 

l O O -  _ na tu ra lness  r a t i n g s  
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Tab le  2.  Na tu ra lness  r a t i n g s  a f t e r  exc lud ing  Ss who r a t e d  Ru le  
be t te r  than R e f .  The number o f  sub jec ts  for  each sentence i s  
marked i n  the  l a s t  l i n e .  

ve r -  sen tence  mean s t . d .  
sion 1 2 3 u 5 6 7 8 9 
1 102 85 66 55 73 102 93 96 83 85 6 
2 13  12 10  u 5 9  4 2  un 1 4  12  1 8  8 
3 110 8 5  7 8  6 7 3  116 72 82 no  7H 8 
ü 2 -20 -u2 92 90 9 1  25 - 4 3  52  20 1 1  
5 105 27  27  5 3  ue 116  u 1  5 6  90  67 9 
6 —H 4 3  -3O 5 2  -125 37 an 19 56  20 10 
7 -ü0 -10 3 6  26  -159 - 1 1  17  13 -82  —20 13 
8 -u2 -68  -27 - 1 7 6  -208 -30 —71 -u -119 -73 I n  
9 -125 -133  -150 -121 -122 -150 -116 -180 -75 -130  12 

7 6 5 5 2 5 2 7 8 (#  sub jec ts )  
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The most  s t r i k ing  resu l t  seen in Figure 2 i s  tha t  both Vowel 

and St ressVO a r e  s ign i f i can t l y '  more  na tu ra l  than Cons, desp i te  

their‘ g rea te r  du ra t i ona l  d is tance  from R e f .  Th is  co r robora tes  

earlier observat ions that these two durational uni ts i . e .  vowel 
dura t ion  and i n t e r v a l  between onset  o f  s t r e s s e d  vowe ls  a r e  o f  

great  percep tua l  importance (POINT 2) .  Cons ,  which has al l  

consonant  du ra t i ons  r i gh t  bu t  vowe l  du ra t i ons  done b y  r u l e ,  does 

no t  s c o r e  s i gn i f i can t l y  be t te r  than Ru le ,  re in fo rc ing  this 

in te rp re ta t ion .  Fur thermore i t  i s  obv ious  that  phys ica l  d i s tance  

i s  c l e a r l y  n o t  a r e l i ab le  pred ic tor  o f  pe rcep tua l  d i s t a n c e .  

Isochrony ,  i . e .  the tendency  toward equal du ra t i ons  between 

cer ta in  un i ts ,  has been discussed in the l i te ra tu re .  It might be 
suspected t ha t  the high scores for R e f  and S t ressVO a r e  because 

they p rese rve  the isochrony o f  r e a l  speech.  We compared Rule and 

R e f  to  see  which h a s  a g rea te r  tendency toward  equa l  d i s tances  

between s t r essed  vowe l  o n s e t s .  I f  anyth ing,  Rule i s  more 

isochronous than R e f ,  sugges t ing  that the amount o f  isochrony 

implemented in the ru l es  v i a ,  e . g . ,  c lus ter  shortening and 

uns t ressed  segment shortening i s  probably s u f f i c i e n t ,  and no 

" i sochrony  ru le "  per se need to be  added (POINT 3 ) .  

Vers ions  Rule and NoParse have the same natura lness score  in 

F igure 2 .  H o w e v e r ,  i t  :nust ‘be remembered that a n  ed i t i ng  rms 

taken p lace which s e l e c t i v e l y  lowers the score  o f  Ru le .  In Table 

1, these two vers ions a re  s igni f icant ly d i f f e ren t .  For some 
sentences, however ,  the score for NoParse i s  higher than that for 
Rule. Even i f  these d i f fe rences a re  not highly s ign i f icant ,  they 
ind icate that in these ins tances,  NoParse i s  regarded as close in 
qual i ty t o  Ru le .  One poss ib le  reason could be tha t  the ru les 

dea l ing w i th  ph rase  f i na l  lengthening o v e r e x a g g e r a t e  the 

lengthening e f f e c t .  An ana lys is  y ie lded no support for  this 

interpretation in our data. Another possibility which seems more 
reasonab le  i s  that  the phrase- f ina l  lengthening ru le  i s  applhm 

too f requent ly  (POINT N ) .  A simple-minded cu re  might be  to  ensure 

that short phrases containing only one content word are not 
af fected by phrase final lengthening although recent work by 
Cooper et  al ( 1978 )  indicates the l ikelihood o f  a more complex 
relation between surface structure and lengthening. 
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Comparing Simple and Ru le ,  we c a n  conclude that ru les  

modifying the durat ion o f  a segment as a function o f  syntax  and 
segmental con tex t  a re  o f  s i gn i f i can t  importance for both 

natura lness and i n te l l i g ib i l i t y .  Approx imate ly  ha l f  o f  the 

d i f ference between the t w o  vers ions seems to  be explained by  the 
ext remely  simple c lause f ina l  lengthening ru le  used for SimpleFL 

(POINT 5 ) .  

The i n te l l i g ib i l i t y  resu l t s  shown in  Figure. 1 i nd ica te  a 

c lear co r re la t ion  between i n te l l i g i b i l i t y  and na tu ra lness .  

C o r r e c t  du ra t i ons  r e s u l t  in s i g n i f i c a n t l y  b e t t e r  i n te l l i g ib i l i t y  

and natura lness.  This con f i rms in pa r t  the cu r ren t  be l ie f  in the 

importance o f  p rosody  t o  sen tence pe rcep t i on .  (POINT 6 ) .  
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THE PERCEIVED RHYTHM OF SPEECH 

Andrew Donovan and C . J .  Darwin, Laboratory o f  Experimental Psy- 

chology, and Centre fo r  Research in Perception and Cognition, 

University o f  Sussex,  Brighton, England 

Introduction 

Attempts t o  model the duration or rhythm o f  the segments o f  

connected speech fa l l  into two broad groups (see  Fowler,  1977,  for 
a rev iew) .  0n the one hand are those which allow the syntactic 

structure o f  the utterance to  perturb a segment 's ideal duration 

( e . g .  Lindblom & Rapp, 1973;  K la t t ,  1975) but which recognise no 

overal l  rhythmic patterning; on the other hand are those which 

allow an overall rhythmic pattern t o  b e  perturbed by limits on the 

segmental durations which must be compressed or expanded into that 

pattern (Abercrombie, 1964 ;  Wit ten, 1977) .  This lat ter  family o f  

models has taken for  i t s  underlying rhythm a sequence o f  i so -  
chronous beats  occurring on adjacent s t ressed  syllables marking out 
rhythmic units ca l led  f e e t .  The choice o f  an isochronous foo t  is  
based part ly on l inguist ic intuition (”English utterances may be 
considered as being divided by the isochronous beat  o f  the s t ress  
pulse into feet  o f  (approximately) equal length". Abercrombie, 
1 9 6 4 ) ,  and par t l y  on the observable phonet ic  f a c t  that sy l lab les  

tend'to be shorter,  the more there are in a foo t  (Huggins, 1975;  
Fowler,  1 9 7 7 ) .  In choosing between these two approaches a crucial 
question is the s ta tus  o f  the isochronous bea t .  I t  is c lear ly not 
a phonetic fact  since a f oo t  with many syllables tends to  be longer 
than one with fewer (Halliday, 1967;  Allen, 1 9 7 5 ) .  I s  isochrony 
then a significant l inguistic insight, or merely a poetic f ict ion? 
Lehiste (1973; 1977)  has argued that the discrepancy between the 
linguistic intuition and the phonetic data may be due to  a per-  
ceptual i l lusion. Perhaps we hear speech as more isochronous than 
i t  actually i s .  Indeed such an illusion is  precisely what we wmfld 
expect i f  perception undid those perturbations required by segmen- 
tal constraints on an underlying regular rhythm, presenting to the 
l is tener  the underlying rhythm o f  the speaker .  Evidence for the 

perceptual rea l i t y  o f  isochrony would thus argue for i t s  inclusion 

in models o f  speech production. 
Experiments 

Our experiments extend the earlier observations by Lehiste 
(1973) and Coleman (1974) on l isteners'  inability to perceive the 
rhythm o f  speech veridically. We have used two tasks, a rhythm 

__..ÜËIIIIIl—Ek: 
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matching task and a tapping task .  The f i r s t  two experiments used 

the rhythm matching task.  Subjec ts  adjusted the times between four 

noise bursts to  match the overall rhythm o f  either a sentence or a 

control sequence o f  non-speech sounds. They could l is ten to  the 

sound whose rhythm they were to  match or the adjustable noise burst 

sequence by pressing one or other o f  two buttons; thus they could 

BEE hear the two stimuli simultaneously but were able to l i s ten to  

each separately as many times as they l iked while making the 

adjustments. 
The sentence used in Experiment 1 was "A bird in the hand is  

worth two in the bush", synthesized on PAT from parameters derived 

from real speech. The noise burst sequence that subjects adjusted 

had four strong bursts corresponding t o  the four s t ressed  syllables 

with appropriate intervening weaker bursts  representing the un- 

s t ressed syl lables. By adjust ing either o f  flnee knobs subjects  

could adjust the interval between adjacent  s t ressed burs ts ,  but the 

rhythm o f  the intervening weaker bursts was kept constant, scaled 

in tempo to  the new in ter -s t ress interval.  Subjects matched the 

rhythm o f  two versions o f  the sentence; one had the natural pitch 

contour, the o ther ‘a  monotone. They a lso  matched the rhythm o f  a 

control sequence o f  tones whose onsets  were at  the same time inter- 

vals as the st ressed syllables o f  the sentence. Subjects performed 

seven matches ( the f i rs t  two o f  which were not analysed) to  each o f  

the three stimuli. The control was always done f i rs t  followed by 

the two Speech conditions in an order counter-balanced between 

subjects.  

1000. 
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Fig.1. Actual and perceived foo t  durations for utterance in 
Experiment 1. (vert ical  bars represent î IS.E.  o f  the mean) 
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The actual and mean matched durations o f  the f i r s t  three fee t  

( that is the intervals between the four s t ressed syllables) are 

shown in Figure 1. To t e s t  any tendency for the matched durations 
to be more isochronous than the original utterance the quantity: 

. . t h  ( l - a . / a .  ) (1 -p . /p .  ) Iwhere  a - =  actual duration o f  1 foot 
| 1 1+1 | | 1 1+1 p i :  matched  H n n " 

was calculated for  i=1 ,2 .  A posi t ive value for this quantity indi- 

cates that the perceived durations are more isochronous (over the 

two fee t  in question) than the actual durations. Such a tendency 

towards perceptual  isochrony was re l iable (p<;001) for  bo th  foo t— 

rat ios when sub jec ts  matched the two sentences, but was not found 

when they matched the control ,  non-speech rhythm. The natural and 

the monotone speech are both perceived as more isochronous than 

they real ly  are ,  but the non-speech tonal pattern i s  no t .  
The second experiment d i f fered from the f i r s t  as fo l lows:  

1) Four sentences o f  natural (female) speech were used which con- 

tained di f ferent numbers o f  syl lables in each f o o t .  
2) The s t ressed  syllables in each utterance al l began with a stop 

consonant ( / t / )  and there were no other occurrences o f  this sound 

in the utterance. This made i t  easier to  specify to the subjects 
where the major s t resses  fe l l  as ,  instead o f  saying match the rhythn 

o f  the 'syl lable b e a t s '  or the 'tapping po in ts ' ,  they could be told 

to  hit the / t / ' s .  
3) The noise-burst sequence was made up o f  five bursts only; an 
initial low amplitude burst  corresponding to the f i r s t ,  unstressed 

syllable in each ut terance, and four ' s t r essed '  bursts correspond- 

ing to  the four s t ressed  syl lables. 
'4 )  Subjects  were expl ic i t ly encouraged to use a s t rategy that we 

had observed in the f i r s t  experiment, namely repeating the sentence 

to  oneself while l istening t o  the noise burs ts .  In case sub jec ts '  

own articulations were more isochronous than the original, record- 

ings were made o f  each sub ject  speaking each sentence. In fact  we 
found they were not more isochronous and the following results 
s t i l l  hold i f  matched durations are compared with sub jec t s '  own 
productions. 

For the four sentences as a whole, four o f  the eight foot— 
rat ios gave a significant (p<;01) tendency towards perceived iso-  
chrony, three gave no difference (partly because their foot  rat ios 

were actually quite close to  unity already) and one gave a signif- 
icant tendency away from perceptual ischrony. The resul ts from 
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this deviant sentence and from one o f  the others are shown in 
Figure 2 .  Not ice f i r s t  in the right—hand panel that although 
subjects ’  judgements are quite rel iable they are massively in- 
accurate a t  judging the duration o f  the middle foo t .  I t  is not 
clear though whether this huge overestimation o f  the middle foot 
should be at t r ibuted to  perceptual isochrony. I f  i t  were,then we 
would not expect the similar, though more variable overestimation 
of  the middle foot  found in the left-hand panel for a sentence 
whose middle foot is  already relat ively long. Alternative ex- 
planations, which could account for the data from al l  four o f  the 
sentences,are that subjects overest imate the length o f  a foot  
containing (a) a major syntactic boundary or (b) a tone group 
boundary. Our third experiment looks a t  this question. 
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F ig .2 .  Actual and perceived foot  durations for two o f  the utteran- 

ces in Experiment 2 .  
To investigate the possible contribution o f  intonation to 

perceived rhythm a change o f  experimental technique was required. 
Subjects '  imitations o f  sentences were,  as we have seen, no more 
isochronous than the originals, but they did d i f fer  markedly in 
intonation. To ensure that subjects matched a sentence with the 
original intonation we asked them to tap in time to  a sentence. 

This new task di f fers from that used by Allen (1970) in that 
subjects tapped to  every s t ressed syllable rather than just  to a 
selected one on each tr ial .  Here we are interested in sub jec ts '  
Perception o f  the entire rhythmic pattern. Subjects were not 
exPlicit ly to ld  t o  tap on the s t ressed syllables so the fact  that 
they did provides an object ive verif ication o f  the notion o f  the 
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rhythmic foot .  The three ut terances, which d i f fered in number o f  
tone groups and in syntact ic structure, but which had identical 
foot durations were: 

1) / / 1  Tim's in / Tuscany’s / Training / Tr00ps / /  
2) / / 1  Tim's in / Tuscany / Training / Troops / /  
3) / / l  T im's  in / Tuscany / / 1  Training / Troops / /  
Here ,  fol lowing Halliday ( 1 9 6 7 ) ,  we bound tone groups by double 

slashes and indicated the type o f  tone group by a number. Both 2) 
and 3) contain a major syntactic boundary in the middle foot  but 
in utterance 2) this was not marked by a tone group boundary. 1) 
and 2)  were acoustical ly identical except that the / s /  o f  
"nscmnfls" was spliced out for  sentence 2)  and replaced by four 
additional pi tch periods o f  / L /  and an appropriate amount o f  silence 
to maintain the same foot length. 

Fi f teen subjects  were divided into three groups, each group 
receiving a different order o f  presentation o f  the three utterances. 
Subjects heard each utterance 15 times and were to ld to s ta r t  
tapping af ter  the third token. Each utterance was preceded by a 
wanfing tone 750 msec.  from the onset o f  the ut terance. Only the 
last  10 tr ials in each condition were analysed. Before each block 
o f  15 t r ia ls ,  subjects heard the utterance three times and were 
given a context in which the utterances could occur. For example 
3)  might be the response to  the question "Where 's  Tim and what 's  
he doing?", while the same utterance with one tone group (sentence 
2)  might be the response to the question "What 's  Tim doing with the 
troups in Tuscany?" This was done t o  ensure that the subjects had 
a good idea o f  the syntax and tone group structure o f  the sen- 
tences they were listening t o .  

The results o f  this experiment (Figure 3)  showed that while 
the number o f  tone groups has a dist inct e f fec t  on perceived rhythm, 

the syntactic structure does not.  In particular we found no 
tendency towards perceived isochrony in sentence 3 ,  which contained 

two tone groups, but we did find a significant (p<.01) tendency 

towards perceived isochrony for both foot-rat ios in sentence 1 and 
2.  Sentences 1 and 2 did not d i f fe r  from each other significantly 
in this respect, but both d i f fered significantly from sentence 3 
(p<;01). 
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550 _ ..... Actual durations o f  all 
three sentences. 

: °"'"° Matching sentence 1 
.3 o...-no Matching sentence 2 
{Jr—s 
« ' n—-—n Matching sentence 3 
ä à: soo . 
15m 
_pjî 1 and 2 differ in syntax. 
8 2 and 3 d i f fer in number 
“ :â o f  tone groups. 

450 - \h 

400 . . . 
1 '  2 3 

Foot  
Fig. 3 .  Actual and perceived foot durations for  the three 

utterances in Experiment 3 (see  tex t  for  de ta i ls ) .  
It is apparent from these results that subjects are respond- 

ing d i f ferent ly  t o  the one and two tone-group utterances i r re- 
spective o f  the syntact ic structure and despite the fact that the 
foo t  durations are  the same in a l l  three c a s e s .  Rees  ( 1 9 7 5 ) ,  build- 
ing on Hal l iday's (1967) work,  has proposed that the tone group is 
a unit o f  rhythm as wel l  as a unit o f  intonation so that isochrony 
need be maintained within but not between tone groups; i t  may be 
that this puts constraints on the l imits of  perceptual isochrony 
as well as on the tendency towards isochrony in production. I t  is 
clear from the experiments reported here that peOple are consistently 
inaccurate when judging speech rhythms and, furthermore, that they 
tend to  hear these rhythms as more regular than they really are,  
at  least  when the utterance is bounded by a single tone group. 
Within the tone group, long fee t  tend t o  be underestimated, even 
when they contain a major  syntactic boundary, while short feet  tend 
to be overestimated. 
Conclusions 

Our resul ts have broadly confirmed Lehis te 's  proposal that 
isochrony is par t ly  a perceptual phenomenon. But we would make two 
points in addition. F i r s t ,  i t  is a perceptual phenomenon which is 
not independent o f  intonation. Second, we feel  that i t  is a 
perceptual phenomenon, confined to  language, ref lect ing underlying 
processes in speech production. Our results strengthen the case 
for models o f  the timing o f  English that incorporate an underlying 
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TEMPORAL ORGANIZATION OF SEGMENTAL FEATURES IN JAPANESE DISYLLABLES 

Hiroya Fujisaki and Norio Higuchi, Faculty of  Engineering, 
University of Tokyo, Tokyo, Japan 

Introduction 

While i t  is  apparent. that the real izat ion of  successive units 

in connected speech is based on the prOper timing of articulatory 
and phonatory events, much_remains to be investigated regarding the 

nature of the timing mechanism. I t  is  not even agreed whether the 

regularity of timing (isochrony) resides in speech production or in 
speech perception… as  pointed out by Lehiste ( 1 9 7 7 ) .  The lack of 

our knowledge on this issue may primarily be due to- the fac t  that 
the speech signal o f ten fa i ls  to diSplay marked segment boundaries, 

and that even the apparent boundariescma not directly reveal the 

timing of production nor the timing of perception. Elucidation of 
the mechanism underlying the isochrony thus requires experimental 

techniques fo r  extracting, from the speech signal, the indices fo r  

the timing of production as well as the indices for the timing of 
perception of each of the successive units. 

The present paper deals with Ixnfli the productive and the per— 

ceptual aspects of ‘the segmental. timing il! Japanese «disyllabic 
words consisting only of vowels.  Disyllabic words were selected 

since they display the characteristics of connected speech on the 

smallest scale.  Vowel sequences were chosen since their acoustic 

characteristics can be most clearly defined in terms of formant 
frequencies, and the articulatory transition from the initial vowel 
to the second vowel can be traced in the t ra jector ies of their fo r -  

mant frequencies. 
The Speech Material 

The speech material consisted of 2 0  d i s y l l a b l e s , . i . e . ,  all the 

possible pairs of the f ive Japanese vowels ( / i / ,  /e / ,  /a/ ,  /o/,  and 
/u / ) ,  pronounced with the "f lat—type" word accent. Among these di- 
syllables, nine were nmaningful with the given accent type, four 

were meaningful when pronounced with a different accent type, and 
the res t  were nonsense words. A randomized l is t  of 100 words, con— 

taining five tokens each (If the 2 0  disyllables, was read by a male 

Speaker cfiî the Tokyo dialect of Japanese. These disyllables were 
pronounced in isolation atani interval of three seconds. The speech 

signal was sampled at  10 kHz with an accuracy of ll bits/sample and 

stored in the magnetic tape memory of a digital computer. 
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Analysis of Segmental Timing at the Level of Speech Production 

An LPC analysis was made of all the utterances to extract the 

frequencies and bandwidths of ll poles, from Which the f i rst  three 
formant frequencies were selected on the basis of  bandwidth and the 

continuity of the trajectories. These trajectories were then used 

to estimate the onset of the transition from the initial to the 

second vowel. 

The estimation was based on the model of the coarticulation 

process in connected vowels previously prOposed by Fujisaki et al. 

(1974, 1977) .  
for connected vowels i s  represented by a hypothetical linear system 

As shown in Fig. 1, the entire production process 

which converts the stepwise target formant frequencies of each vow- 
el into actual formant trajectories. An analysis of observed for- 
mant trajectories has indicated that a good approximation can be 
obtained by a critically-damped second-order linear system. 

i I / u i / 
T : ONSET OF THE [" T f :  ONSET OF THE 

Fkflz F FORMANT TRANSITION kHz FORMANT TRANSITION 
%>. 3 "  >“. 3 _ _ | / _ _ _ —  

s ...—__ cs ...—_ --.! sm “‘m ' :: 2 "  p8, 2 

sä’ gg 
ä h a l -  ___—ï â 1 ___—— 

m 
H m 

e I l . ° 0 I * I 1 

0 1091‘IME200 300 msec 0 lOOTIMEZOO 300 msec 

(a) (b) 
Fig. 1. Formulation of the process of coarticulation in the for- 

mant frequency domain: conversion of idealized formant 
target (a) into actual formant trajectories ( b ) -  

In the case of the disyllables' under study here, we may assume 
a target frequency for the nth formant as 

cn ( t )  "' Fnl "' (Fnz ‘ F n 1 ) u ( t -  T f )  . 

where Fni denotes the target frequency of the nth formant of the 
i th vowel, and Tf denotes the onset of the transition measured from 
the voice onset of the initial vowel as the origin of the time axis. 
Then the actual formant frequency can be given by 

E n  ( t )  : F n 1 + ( F n 2 — F n 1 ) { l — ( l +  ) } U ( t - T f ) l  
t - - ' . [ ' f ) e x  ( _ t - T f  
r p ? n 

where în denotes the time constant for  the transition of the nth 
formant. Further considerations regarding the continuity and cou- 
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pling of the resonance modes lead to good approximations of the 

formant trajectories for all of the vowel combinations. When a set 

of observed formant trajectories (F1 ( t )  , F 2 ( t )  , and F 3 ( t ) )  i s  given, 

it is possible, by the method of Analysis-by-Synthesis, to deter— 

mine the common onset of the formant transition and the time con- 

stants of individual formant t rajector ies. In the following analy— 

sis, a common time constant 1'2 was assumed for. the second and third 

formants. Examples of the observed formant trajectories and their 

best approximations by the above—mentioned model are shown in Fig. 2 

for /ui/ and /iu/, where the estimated onset 'I'f of the formant 

transition is  also indicated. 
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Fig. 2. Observed formant frequency trajectories ( m u n ) ,  their best 
approximations (-———)‚ and the estimated onset of the for— 
mant transition (T f )  for /ui/ ( le f t )  and /iu/ (right). 

Table 1 summarizes the results for all the utterance samples 

and l ists the mean values of Tf and T2 for five tokens of each di- 
syllable. The following comments can be drawn from a comparison of 
the results for pairs of disyllables having the same vowel combina— 
tion in a different order. 

f i rst  second vowel 
vowel /i/ /e/ /a/ /0/ /u/ 

/ i /  Tf __ 155 131 136 134 . 
t2 21 25  2 2  2 7  Table 1. Mean values for  

the interval ('I'f [msec] ) 
/e/ Tf 5933 — l îâ  lâë lâg from voice onset to the 

72 onset of formant tran- 
/a/ Tf 119 125 _ 124 125 sition and for the time 

7:2 4 8  39  41 3 7  constant (1'2 [msec])  of 
the second formant tra— 

/O/ Tf 101 94 92 -— 113 jectory for the 20 di- 
2’2 4 4  5 8  51 "' 

Tf 108 117 126 146 
/u/ 72 39 44 28 — 

syllabic words. 
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(1) In disyllables involving jaw movement without a change in lip 

articulation ( i .  e . ,  /ie/ vs .  /ei/, /ea/ v s .  /ae/, /ia/ v s .  /ai/. 
and /uo/ vs .  /ou / ) ‚  Tf is always larger for the disyllable pro- 
duced by an opening movement of the jaw than for that produced by 
a closing movement. Analysis of variance indicates that the dif- 

ference is highly significant (0 . l% level) in /ie/ vs .  /e i / ,  and 
is also significant (1% level) in /uo/ vs .  /ou/, as well as in 
/ia/ vs .  /ai/. 

_2) In disyllables involving changes in lip articulation with or 

without minor jaw movement ( i .  e . ,  /iu/ v s .  /ui/‚ /eu/ v s .  /ue/‚ 

/io/ v s .  /oi/, /eo/ v s .  /oe/, and /ao/ v s .  / o a / ) ,  Tf is  always 

larger for the disyllable produced by a rounding of the lips than 
The difference is 

significant in /eu/ v s .  /ue/ (1% level) : /ao/ v s .  /oa/ (2% lev- 
e l ) ;  /eo/ v s .  /oe/ (2% leve l ) ;  /io/ v s .  /oi/ (57!. l eve l ) ;  and /iu/ 

vs .  /ui/ (5% level). 
( 3 )  No significant difference in Tf was found for /au/ v s .  /ua/, 

for that produced by an unrounding of lips. 

which involve both major jaw movement and changes in lip artic- 

ulation in the transition from the initial to the second vowel. 
The ef fects of these two articulatory factors are considered to 
counteract and cancel each other. 

These points may be easily observed in Fig. 3 ,  which schematically 
shows the regions of  the vowel target on the F1 - F2 plane. An ar- 
row from one vowel target to another corresponds to a disyllable, 

ONSET OF THE 
Ü Hz ËËËËËNŸFTËHÆSITIŒ Hz F0 T TRANSITION 
Ë msec) E msec 

s 2000 - ä 2000 - 
Ë s H rn 

IH 
â 1400 ' % 1400 " 
O 

“ 8 
% ° k ° o 1000 - 6' g 1000 - 
:=“! «(13 U 
VJ na 
m ° ‘” 
E 700 ' ' ' _— E 700 ' | I I 

250 350 500 700 Hz 25 350 500 700 Hz 
THE FIRST FORMANT FREQUENCY THE FIRST FORMANT FREQUENCY 

Fig. 3 .  Direction of the formant transition in the f i rs t  and the 
second formant frequency plane and the onset of the for- 
mant transition ( T f ) .  
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and the number associated with the arrow indicates the mean value 
of Tf (in msec) for that disyllable. 

Furthermore, there exists a very high negative correlation be- 
tween Tf and 23 ( : r =  -0.9l)  as shown in Fig. 4.  Hence, 
(4) Differences in the onset of transition (T f )  tend to compensate 

for the differences l the rate of transition; (a slower transi- 

tion is initiated earlier and Vice versa.  

zmsec 
oi? 
H z  
ËË [Bi/..joel 
mo 
gg 50“ "°”! ! HH loi/o gin—05%, Fig. 4 .  Relationship between 
Ë lui/o " ’ “ ,  the onset of the for- 
54% [au] „3, mant transition (T f )  
Ëâ ”“/{ led and the time constant 

25“ ”aha/1°] (112) of the second ËÊ ..lie/ . «:0 [en] formant trajectory. 
$8 
Zu: — 
O 
DEE-1 0 l I 
ËE“ 50 100 . 150 msec 
gg ONSET OF THE FORMANT TRANSITION 

Analysis of Segmental Timing at  the Level of Speech Perception 

The last finding of the preceding section suggests the possi- 
bility that the apparent diversity in the onset of transition in 
various disyllables is introduced to maintain the uniformity of the 
perceived duration of segments. The following experiment was de— 
signed to investigate this possibil ity, using the saîne utterance 
samples as in the above analysis to f ind the instant of the percep- 
tual onset of the second vowel within a disyllable. 

A set of 20 points were selected at intervals of 5 msec to 
cover the range of the major formant transitions in the waveform of 
each disyllabic utterance. Twenty tokens of truncated disyllables 
were then prepared by curtailing the original speech waveform at 
these 20 points. These tokens were arranged in serial order at an 
interval of 3 . 5  sec as stimuli in an identification test using 
the method of limits. The subject was asked to answer whether he 
heard one vowel segment or two in a truncated disyllable. The test 
was repeated to obtain the response probability, and the perceptual 
onset of the second vowel was defined as  the point corresPonding to 
an equal probability for  the two alternatives. 
stimuli and the subject 's response probability is schematically il— 

An example of  the 
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lustrated in Fig. 5 .  The test was conducted using one utterance of 

each of the twenty disyllables. The subjects were two male speak- 

ers of the Tokyo dialect. 

IMULU WAVEFORM OBTAINED 
g? CURTÊILING A DISYLLABLE 

m u !  
| 

TIME Fig. 5 .  Determination of the 
perceptual onset of 
the second vowel i na  
disyllable by wave- 
form truncation. 

100 0F PERCEIVING 
TfigBINITIXE VOWEL ONLY 

50 —————————————————————————— 
RCEPTUAL ONSET 

gg THE SECOND VOWEL 

INSTANT OF WAVEFORM TRUNCATION 

Figure 6 shows the relationship between the perceptual onset 

(Tp) of the second vowel and the onset of formant transition (Tf) 
for each of the disyllables. Both TP and Tf are expressed by their 

values relative to the total duration of an utterance. While the 

T f ' s  for the various disyllables are distributed over a very wide 

range (22% - 42%), the Tp ' s  are found to be concentrated within a 

rather narrow range around the center of each utterance ( 4 8 2  — 5 3 2 ) .  

These findings suggest that the apparent diversity in the onset of 

the second vowel at the level of speech production may be the con- 

sequence of the speaker's e f for t  to maintain the uniformity of per- 

ceived syllabic durations regardless of vowel combinations. 

Z 
geo- 
E & ä c :: a a 

lui! bei Fig. 6 .  Relationship between 
3 le.“ . [. I "°", n'a] the perceptual onset 
H .: [.c lue/. “. . .  .???” (Tp) of the second 
$15150 1309.5“; . ° vowel and the onset 
€ ?  [°°/. . 1.1“; „ ”°, of the formant tran- 
...1 [ail/01, sition (T f )  for one 
< %  sample of each of the 
È & disyllables. 
m w 
Èâ m n: 
“ ‘ iaao I I 

2 30 40 z 
ONSET OF THE TOTAL 
FORMANT TRANSITION DURATION 
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Bissasaiee 
Two models of the possible mechanisms underlying the temporal 

organization of speech have been presented by Kozhevnikov and 
Chistovich (1965)  and have since been widely discussed, e .  g.  by 

Ohala ( 1 9 7 0 ) ,  Leanderson and Lindblom (1972) ,  and others. One is 

the so-called "chain model" based on the hypothesis of a closed- 
loop control of the Speech production process. The other is the 
so—called "comb model" based on the hypothesis of an Open-loop con- 
trol. From our present knowledge-concerning the motor organization 
of skilled behaviors, the chain model may be discarded, although it 
may certainly be true that various modes of feedback are necessary 

for the formation of the motor program. The findings of our pres- 
ent study suggest, however, that the comb model requires further 
elaboration. Our findings suggest that the formulation of the tem- 
poral relationship between the motor control and the articulatory/ 

acoustic realizations of speech units is not complete without a 
consideration of their relationship to perceptual timing. From 
this point of View, two possible models can be distinguished under 
the Open—loop (or "comb“) hypothesis, as shown in Fig. 7 .  

In model ( a ) ,  successive segments are produced with an isoch- 
ronism at the level of the motor commands, so that their articula- 
tory/acoustic realizations are not necessarily isochronous because 
of differences in the physiological and physical properties of the 
various articulators, as well as in the manner of articulation. In 
model ( b ) ,  on the other hand, the motor commands and the articula- 
tory/acoustic realizations of successive segments are programmed in 

such a way that the perceptual onsets of successive segments occur 

ARTICULATORY f î. % >t € î €" > t comps fix \ \ \ \ “. 
‘ \ \  \ \ “ ‘  \\ 

\ ARTICULATORY/ /;%\\\\——___ /;%—\U/%\\\__ l/%\\\\\\J/’h\\___J/jL\\‘— Acousnc g ! ; l: - REALIZATION : 1| : l . ' | | | | 

PERCEPTUAL : : . — ‚ 2 2 h  . l SEGMENTATION A 3 c A B c 
(a) ISOCHRONISM AT THE 

LEVEL OF PRODUCTION 
(b) ISOCHRONISM AT THE 

LEVEL OF PERCEPTION 

Fig. 7 .  Two models of  the mechanisms underlying the temporal or— 
ganization of speech units under the Open-100p control 
hypothesis. 
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with an isochronism, v i z . ,  the perceived durations of these sag- 

ments are kept equal. The results of the present study may be con- 

sidered as corroborating model (b) as  f a r  as the Japanese disylla- 

bles are concerned. 

Conclusion 

Temporal organization of speech segments was investigated us- 
- ing disyllabic Japanese words consisting only of vowels. An acous- 
tic analysis of their formant trajectories has indicated that the 
onset of the transition to the second vowel :h1 various disyllables 

is distributed over a relatively wide range. This variation tends 

to compensate for  the differences ill the rate of transition due as 

differences in the art iculator(s) involved and the direction of 

movement. On the other hand, a perceptual analysis of the onse tcfi  

the second vowel has indicated that the perceptual onset of the 
second vowel in utterance samples of the same disyllable is concen- 
trated within a relatively narrow range regardless of 'Ehe particu- 

lar vowel combination or the order of the vowels in the disyllable. 

The implication of these findings for the possible mechanisms un- 
derlying the temporal organization of  speech units was discussed h: 

connection with two models already proposed with regard to these 
mechanisms. 
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SOME EFFECTS ON INTELLIGIBILITY OF INAPPROPRIATE TEMPORAL 

RELATIONS WITHIN SPEECH UNITS 

A .  W. F .  Huggins,  Bo l t  Beranek and Newman Inc ,  5 9  Moulton S t r e e t ,  

Cambridge, Mass B 2 1 3 8 ,  U.  S .  A .  

The purpose o f  t h i s  paper i s  t o  make two arguments .  The 

f i r s t  i s  t h a t ,  desp i te  severa l  f a i l u r e s  tx: f imd such e f f e c t s ,  

badly d is tu rbed  speech t iming,  such as  occurs  o f t e n  in the speech 

o f  the deaf for  instance,  i s  a su f f i c i en t  cause for  catast rophic  
loss o f  in te l l ig ib i l i ty .  I f  the timing is  su f f i c ien t ly  disturbed 
that the l i s t ene r  cannot i den t i f y  the p a t t e r n  o f  s t r e s s e d  

syllables in the sentence -- o r ,  perhaps, i t s  rhythmic pat te rn  - -  
the sentence wi l l  be unintell igible even though v i r tual ly  al l o f  
the phonemes are  c lear ly  ident i f iable in subsequent l is tening.  
I f  the l is tener perce ives a stress/rhythmic pat te rn  that i s  
d i f f e r e n t  f rom that  intended by the speake r ,  he i s  

"garden-pathed" away f rom the c o r r e c t  u t t e r a n c e ,  and i s  no t  able 

to  recode the indiv idual  phonemes in to the words  they represen t  

be fo re  they fade from audi tory short- term memory. 

The second argument i s  that a reason fo r  e a r l i e r  f a i l u res  to  

f ind strong relat ionships between timing and intel l ig ibi l i ty i s  
that a l is tener cannot est imate the e f f e c t  o f  a part icular timing 
d is to r t ion  on speech intel l igibi l i ty i f  he knows what the 
sentence says .  Th is  f a c t  i s  a l ready well  known. I t  fo rms the 

basis o f  a p0pu1ar way o f  impressing an audience wi th  the 
f ide l i ty  o f  aa speech vocoding system: a demonstration tape i s  
prepared in such a way that the audience already knows what the 
t e s t  sentence i s  b e f o r e  they hear i t  as  p rocessed  by the system 

whose performance is  to be proved. What is  EEE so well known is  
how easy i t  is 1x) f a l l  in to the t rap  s e t  by t h i s  f a c t .  To be 

b lunt ,  although I was v e r y  aware o f  the e f f e c t ,  I f e l l  in to the 

t rap (Huggins, 1 9 7 8 ) ,  and i f  i t  can happen t o  me, i t  can happen 
to anyone! 

§p§§ch o f  the Deaf 
A major  reason for  t ry ing to understand speech timing i s  the 

need to  improve the intel l igibi l i ty o f  deaf  speakers.  Faulty 
t iming has been implicated in poor i n te l l i g ib i l i t y  by v i r t ua l l y  
eve ry  ma jo r  s tudy o f  dea f  speech th i s  cen tu ry ,  but th i s  knowledge 
has not led to  the development o f  e f f e c t i v e  training methods. 
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The most frequently c i ted ways in which the timing o f  deaf 
speech d i f f e r s  from normal speech are  (1) slower overall r a te ;  
( 2 )  more and longer pauses, o f t e n  inappropriately placed; 

(3)  inadequate d i f ferent iat ion o f  s t ressed and unstressed 
syl lables; and ( 4 )  excess ive lengthening o f  some segments, 

especially stops and f r i ca t i ves  (e .g .  Nickerson, 1 9 7 5 ) .  Let us 
consider the foregoing factors in o rder .  Deaf speakers normally 
take  much longer to produce a spec i f ied  u t te rance than do 

normal-hearing speakers. But to the extent that the slower ra te  
is a result o f  linear stretching o f  the time scale, slower speech 
should be Eggs rather than less  in te l l ig ib le.  One usually speaks 

slower (and also more precisely) to  someone who has d i f f icul ty 
understanding, such as a child or a foreigner.  Furthermore, when 
recorded speech is instrumentally expanded in time by a factor o f  
four, intell igibil i ty is not a f fected although the speech becomes 
tedious to l isten to.  

Similarly, i t  would be very surprising i f  the addition o f  
appropriately placed pauses had a degrading e f fec t  on 
in te l l ig ib i l i ty .  Pauses can be used to  mark  expl ic i t ly  the 

boundaries between groups o f  syntact ica l ly  re lated words.  

Boundaries so marked need not be i n fe r red  from more subtle cues,  

and the presence o f  syntact ical ly appropr iate pauses should 

therefore simplify' rather than «complicate reception. Further, 
the pauses effect ively give the l istener additional time to 
decode the message, and this too lightens rather than increases 
the processing load (Aaronson e t  a l ,  1971 ) .  

The occurrence o f  inappropriate pauses ra ises  a d i f f e r e n t  

issue.  Inappropriate pauses occur also in normal speech, where 

they are interpreted as hesitation pauses. These do not appear 
to interfere with intell igibil ity. However, l isteners are much 
more sensitive to the presence o f  inappropriate than appropriate 
pauses, the threshold for their detection being almost f ive times 
smaller (Boomer and Dittmann, 1 9 6 2 ) .  Presumably, then, i f  

inapproPriate pauses were interpreted as hesitation pauses in 
deaf speech a lso ,  no damage would r esu l t .  Problems would a r i se ,  

however, i f  the inappropriate pauses were interpreted as 
approEriate pauses, because this would signal incorrect 
segmentation o f  the message. This argument leads to rather a 

HUGGINS 285 

d i f ferent  view o f  how timing errors might interfere with 

intell igibil ity: they might introduce misleading information 

about the message which, once accepted, could not be d iscarded.  

There are  other aspects o f  deaf speech which support such a 

v iew. Due to d i f f i cu l t ies  in coordinating d i f ferent  

ar t iculators,  deaf speakers o f ten produce sounds extraneous to  

the required sequence, particularly in making and releasing stops 

and f r i c a t i v e s  (Hudgins and. Numbers, 1 9 4 2 ) .  I f  the l is tener 

accepts these ext raneous sounds as segments, he cannot then go 

back and delete them. The perceptual apparatus is  very  good at  

fi l l ing in missing information, but i t  is very bad at discarding 

extraneous information unless i t  occurs as part o f  a separate 

auditory “stream” (Bregman and Campbell, 1971). Thus, l isteners 

will swear that they‘ heard a particular segment in a sentence 

even though it had been totally removed and replaced with an 

extraneous sound such as a cough (Warren et  a1, 1 9 6 9 ) .  But the 

cough cannot be located in the sentence with any accuracy, since 

i t  cannot be integrated into a single stream with the speech. 

When wanted and unwanted segments arr ive in a single auditory 

stream, as they o f t e n  do in deaf speech, the l istener cannot 

select ively accept the wanted and r e j e c t  the extraneous segments, 

even i f  he had some way o f  so classifying the segments as they 

ar r i ved .  van Noorden (1975) has shown that two melodies in the 

same pitch 'range cannot be identified i f  they' are played by 

' interleaving the notes from the two melodies. The listener 

cannot decide to l isten to alternate notes. On the contrary, he 

hears only a single sequence. But i f  one melody is gradually 

raised in pi tch, the two melodies eventually split into two 

streams, permitting one to be ignored so that the other melody 

can be recognized. 

The l istener is not able to discard some of the information 

after i t  has been processed, either, and recent models o f  speech 

perception o f fe r  an explanation. Jarvella (1971) has shown that 

the accuracy o f  a l i s tener 's  verbatim memory for a continuously 

presented message shows a sharp drop a t  the preceding clause 

boundary, as i f  the need to keep the raw acoust ic data available 

in short-term memory ends when the clausal material is 

successfully parsed. Thus, any misinterpretations o f  the 
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preceding clause that become apparent later cannot easily! be 

c o r r e c t e d ,  s ince the verba t im mater ia l  necessary  t o  the 

c o r r e c t i o n  has been de le ted  f rom short  term memory. Fur thermore,  

i f  the rece ived  sequence o f  segments f a i l s  t o  t r i gge r  recogn i t ion  

o f  a word,  the segments fade quite rap id ly  f rom auditory short  

term memory. ' 

When the foregoing arguments a re  put together wi th the known 

importance o f  c o r r e c t  s t r ess  pat terns för recogni t ion o f  words ,  

the poor intel l igibi l i ty o f  deaf speech becomes much easier to 

understand. The pat tern o f  s t resses in a word or phrase is o f  

c r i t i c a l  importance to  i t s  co r rec t  recogn i t ion .  In f a c t ,  there 

i s  evidence that l i s teners  wil l  d iscard  correct ly-heard segmental 

cues which they cannot reconcile with the perceived s t ress  

pattern. English l is teners trying to identi fy English words and 

phrases, spoken with inappropriate s t ress patterns by Indian 

speakers, consistently produced words that matched the incorrect  

s t ress  pa t te rns ,  while c o r r e c t  phonemes occurred in enough o f  the 

responses to  demonstrate that the necessary segmental cues were  

in f a c t  present (Bansal ,  1 9 6 6 ) .  Second, i t  i s  known that timing 

i s  a v i ta l  cue in the perception o f  s t ress ,  outweighing both 

intensity (loudness) and pitch (F ry ,  1 9 5 8 ) .  

Yet i t  is not clear how much deaf speakers know about s t ress 

pat terns.  For normal l i s t ene rs ,  the s t ress  pattern o f  a word i s  

centrally involved in i t s  memory coding (Brown and McNeill, 

1966) .  I t  is unlikely that the deaf use a similar coding without 

being explicit ly taught i t .  Deaf children do not code le t te rs ,  

presented visually in an immediate recal l  task,  in terms o f  their 

auditory and ar t icu latory propert ies, as do normal hearing 

chi ldren and adul ts  (Conrad and Rush, 1 9 6 5 ) .  I f  the deaf  

subjects do not use an auditory or ar t iculatory coding scheme for 

segments, it is very l ikely that they also use a d i f ferent  coding 

scheme for s t r ess  pat terns -- i f ,  indeed, they have a coding 

scheme for  s t r e s s  pa t te rns  at a l l .  Unless the s t ress  pa t te rn  o f  

a word i s  a central par t  o f  i ts  representation in memory, the 

s t ress  pat tern is not l ikely to be ref lected in the required 

pattern of  syllable timing when the word is spoken. Yet this 
pattern o f  syllable timing is crucial to the intell igibil ity o f  

the word for hearing l is teners.  
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There a re  two aspects  o f  i ncor rec t  timing that should be 

distinguished. One type can be t raced d i rect ly  to the d i f f i cu l t y  

o f  programming a rapid sequence o f  ar t iculat ions.  Timing e r r o r s  

become more f requent and more  seve re  as the sentence t o  be 

u t tered is made more d i f f i cu l t  to  ar t iculate.  The remedy may l ie  
in t ry ing to  teach words as in tegrated motor pa t te rns ,  and 

pract ic ing their production f i r s t  in isolation and then by 
substi tut ing them in overlearned phrase or sentence frames. This 

is  par t icu lar ly  important in the case o f  function words ,  whose 

fluency in deaf speech i s  a major determinant o f  intelligibility 
(Monson and L e i t e r ,  1 9 7 5 ) .  Timing e r r o r s  o f  the foregoing type 

could be labeled e r ro r s  o f  performance, since the deaf speaker i s  
presumably at least part ly  aware that h is  production has fallen 
short  o f  what was intended. The other aspect o f  i ncor rec t  t iming 

is  ‘more important, and e r r o r s  of.  th is type could be labeled 

e r ro rs  o f  intention. Er rors  o f  intention occur i f  the deaf 
speaker ' s  model o f  how speech should be timed i s  d i f fe ren t  from 

that o f  a hearing speaker .  In pa r t i cu l a r ,  the model may not 

incorporate the rules for  assigning re la t i ve  s t ress  leve ls ,  and 

for real iz ing these in timing patterns. 

Some evidence supporting the importance for  in te l l ig ib i l i ty  

o f  c l i f fe rent ia t ing s t ressed and unstressed syllables has been 

reported by Osberger ( 1 9 7 8 ) .  She produced slight improvements in 

intelligibility by editing deaf speech waveforms to correct  
inadequate d i f fe rent ia t ion  o f  s t ressed and unstressed syllables. 

Her method, however, was unable t o  separate e r r o r s  o f  performance 

from er rors  of  intention, which may account for the smallness o f  
her e f f ec t s .  Also, she reported no attempt to  re la te  the 
magnitude o f  the timing correct ions made in individual words to 
the result ing changes in intel l ig ib i l i ty .  

I have repor ted elsewhere a prel iminary attempt to measure 

. t h e  e f f e c t s  o f  e r r o r s  o f  intention uncontaminated by e r ro rs  o f  

performance, using synthetic speech (Huggins, 1978) .  Simple 
sentences were synthesized in two vers ions.  In one, s t ress  was 

cor rect ly  assigned, and in the o ther ,  unstressed syllables were 

assigned pr imary s t r e s s ,  and v ice ve rsa .  Syllables w i th  

secondary s t r ess  were not a f f e c t e d .  Since the same set  o f  

synthesis rules were used for s t ressed as for  unstressed 
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syllables, any e r ro rs  o f  performance that were inherent in the 

synthesis procedure should have a f fec ted the normal and 

mis-stressed versions equally. But when s t ress  was wrongly 

assigned, word intelligibil ity fel l  from 85% to 50%, and the 

percentage o f  sentences "substantially understood" fel l  f rom 75% 

to  25%. The results were not uniform across tes t  sentences, in 

part because the sentences d i f fered in the preportion o f  

syllables carrying ruimary, secondary, and Inr- s t ress,  and in 

part because o f  some residual e r ro rs  in phonetic transcription of  

the test  sentences (which may well account for  the less than 

per fect  intelligibility o f  the normally stressed vers ions) .  I 

hope to cor rect  some o f  these weaknesses in time for the meeting. 

Finally, I want to  repeat an anecdote from the study. I 

have tr ied several. times to make a tape demonstrating how 

unintelligible speech can become when i ts  timing is wrong, but I 

have never been sa t is f ied  with the resul ts.  In fac t ,  I began to 

wonder i f  what I was trying to show was true. But when I played 

the latest  tape to a colleague, looking for sympathy, he found i t  

totally unintelligible. The d i f ference between us was that I 
knew what each tes t  sentence said, and therefore knew i t s  s t ress  

pat tern,  whereas he did not .  I would never have run the formal 

experiment but for  h is  unexpected react ion.  How many interest ing 

timing e f f e c t s  have been overlooked, or regarded as too slight to 

be o f  in terest ,  for similar reasons? 
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SYNTHESIS BY RULE OF SEGMENTAL DURATIONS IN ENGLISH SENTENCES 

Dennis  H .  K l a t t ,  M a s s .  I n s t .  o f  T e c h . ,  Cambr idge ,  MA 0 2 1 3 9 .  

In th is pape r ,  we are concerned w i th  pred ic t ion o f  the 
(acous t ica l l y  de f i ned )  durat ions o f  phonetic segments in spoken 
sentences.  The durat ional  def in i t ions that have  been adopum 
cor respond to  the c l o s u r e  for a s t o p  ( a n y  b u r s t  and aSp i ra t ion  at  

r e l e a s e  a re  assumed to  be  a pa r t  o f  the fo l lowing s e g m e n t ) .  For 

f r i ca t i ves ,  the durat ion corresponds to the in te rva l  o f  visible 
f r i c a t i o n  no ise  ( o r  t o  changes i n  the  vo ic ing  source  i f  n o  f r i ca t i on  

i s  v i s i b l e ) .  For sonorant sequences, the segmental boundary is  
de f ined  to b e  t h e  h a l f - w a y  point in  the formant t r ans i t i on  for  Umt 

formant having t h e  g r e a t e s t  e x t e n t  o f  t r a n s i t i o n .  The de f i n i t i ons  

rep resen t  a conven ien t  l a rge l y  reproduc ib le  measurement procedure ,  

bu t  the phys io log ica l  and percep tua l  v a l i d i t y  o f  these boundar ies 

h a v e  no t  been  e s t a b l i s h e d .  

In a r e v i e w  o f  the f a c t o r s  that  in f luence segmental  dura t ions  

in spoken English sentences  (K la t t ,  1976a and re fe rences  c i ted  
t h e r e i n ) ,  i t  was conc luded  tha t  on l y  some o f  the systematm 

dura t iona l  changes w e r e  l a rge  enough to  be percep tua l l y  

d iscr iminab le .  The goa l  o f  th is paper i s  to  desc r i be  these 

f i r s t - o rde r  e f f e c t s  b y  r u l e s .  

Input Represen ta t i on  fo r  a Sentence 

The du ra t iona l  r u l e  s y s t e m  t o  be presented is  a pa r t  o f  a 

Speech synthesis b y  ru le  program ( K l a t t ,  1976b) .  The phonological 
component o f  t h i s  program accep t s  a s  input an a b s t r a c t  l inguistm 

desc r i p t i on  o f  the  u t t e r a n c e  t o  be syn thes ized .  The output o f  fin 

phonological  component i s  a de ta i led  phonet ic and prosodic 

rep resen ta t ion  o f  the  u t t e r a n c e ,  including an acous t i c  dura t ion  fifi 

each segment. The symbol inventory i s  shown in Table 1 ;  i t  
includes 52 phonemes, 3 s t r ess  markers ,  3 types  o f  boundmw 
i n d i c a t o r s ,  and 6 s y n t a c t i c  s t ruc tu re  i nd i ca to rs .  An example o f  the 

u s e  o f  some o f  t hese  symbols i s  prov ided in F igure 1 .  

Phonemic Inventory .  A t radi t ional  phonemic analys is  o f  Englhm 
is  assumed, e x c e p t  t h a t :  

( a )  Vowel+/R/ sy l lab les are  t ranscr ibed with the special  vmæl 
nuclei / IR/ ( " bee r " ) ,  /ER/ ( " bea r " ) , '  /AR/ ( " b a r " ) ,  /OR/ 
( " boa r " ) ,  and /UR/  ( " pu re " ) .  Words l i ke  "p layer"  and "buyäm 
should be transcribed with two syllables, i . e .  /EY/+/RR/ mm 
/ A Y / + / R R / .  
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#C 1 OW L D 
#F IH N #F AX 

Phone S t r e s s  Dur 

(M #F DH AX #C M 1 AE N )N 
#C R 1 AA K RR ) .  

Phone S t r e s s  Dur 

#C S 1 AE T 

SI o 566 AE 1 TE? 
DH o no DX 0 20 
IY 0 85 IH o 65 
ow 1 1u5 N 0 50 
LX 0 65 AX o 65 

D 0 35 R 1 80 
M 1 70 AA 1 1uo 

AE 1 225 K o 50 
N 0 6o RR o 175 
s 1 105 SI o 200 

Figure 1 .  Input rep resen ta t i on  for  "The  o l d  man s a t  in  a r o c k e r "  and  
a l i s t i ng  o f  the output  o f  the  phonological  component ,  i . e .  t h e  
phonet ic s t r i n g ,  s t r e s s  f e a t u r e ,  and  du ra t i on  p r e d i c t i o n s  i n  m s e c .  

( b )  The glottal s top  [ Q ] ,  denta l  f l ap  [ D X ] ,  g lo t ta l ized a lveolar  
s top [ T O ] ,  and ve la r i zed  l a te ra l  [ L X ]  l i s ted in Table 1 a r e  
not  r e a l l y  phonemes,  bu t  a r e  a l lophones tha t  a r e  i nse r t ed  in  
l e x i c a l  forms b e f o r e  segmenta l  d u r a t i o n s  a r e  computed.  

L e x i c a l  S t r e s s .  Each s t r e s s e d  vowe l  o f  an u t t e rance  must  b e  

preceeded b y  a s t r e s s  symbol ( 1 ,  2 ,  o r  ! ) ,  where 1 i s  p r imary  

l e x i ca l  s t r e s s  ( r e s e r v e d  ' f o r  vowe l s  i n  Open—c lass  content  w o r d s ,  

only one 1 - s t r e s s  per  w o r d ) .  The seconda ry  l e x i c a l  s t r e s s  " 2 "  i s  

used in  some content  w o r d s  ( e . g .  the f i r s t  sy l l ab le  o f  

" demons t ra t i on “ ) ,  i n  compounds ( e . g .  t h e  second sy l l ab le  o f  

"basebal l " ) ,  in  the s t rongest  syl lable o f  polysyl labic funct ion 

words ( e . g .  " u n t i l " ) ,  and for pronouns (exc lud ing personal pronouns 

l ike "h i s " ) .  Emphatic s t r e s s  " ! “  can be assigned to  a semantical ly 

prominent sy l lab le  i n  a p h r a s e .  

Morpheme and Word Boundar ies .  There i s  no  input symbol to 

indicate a syl lable boundary. The symbol " * "  can be used to  mark 

morpheme bounda r i es .  Each word  o f  a n  u t t e rance  to  be syn thes ized  

must be immediately preceded b y  a word boundary symbol. The 

d is t inc t ion  between con ten t  and func t ion  words  i s  i nd i ca ted  b y  using 

"#C“ and "#F" .  Open-class words (nouns,  ve rbs ,  ad jec t i ves  and 

adve rbs )  a re  con ten t  wo rds .  The program w i l l  check t o  see  t h a t  no 

function word ca r r i es  primary s t r e s s .  A compound such as "apple 

ca r t "  i s  ind ica ted  in  the  input  r ep resen ta t i on  by  rep lac ing  the word  

boundary between "apple" and “ c a r t “  b y  a morpheme boundary and b y  

reducing the l ex i ca l  s t ress  on the second word " ca r t "  by one. 
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Table 1.  The lega l  input symbol 

Vowels INHDUR MINDUR 
IY beet 160 50 
EY bait 190 70 

’ OW boat 220 70  
g UW boot 210 60 
‘ AE bât 230 60 

A0 bought 240 80 
AY bite 250 90 

:? OY boy 280 110 
’? AX about 120 40 

_3 ER beg: 270 100 y OR bog: 2uo 100 
; Sonorant Consonants 

“% ‚W w e t  8 0  6 0  
à. R Ebnt 80 30 

; }  WH which 70 60 
f i  EL bottle 160 110 
? Nasals 

M met 70 60 
“% NG sing 80 50 .; EN buttgfl 170 100 

' F r ica t ives  
“'î"“ LIB“ 120 60 

TH thin 110 80 
S sat’ 125 50 
SH shin 125 50 

Plosives 
P get 85 50 
T ten 65 MO 
K core 65 50 
DX Butter 20 20 
Q Ma_opted 20 20 

A f f r i ca tes  (c losure ,  f r ica t ion 
CH 911“ 70  

60  40 
S t ress  Symbols 

1 p r imary  l e x i c a l  s t r e s s  
2 secondary  l e x i c a l  s t r e s s  
! emphatic s t r e s s  

Word and Morpheme Boundaries 
* morpheme boundary 
#C beg in  content  word 
#F begin funct ion word 

Syn tac t i c  S t ruc tu re  

) ?  end o f  yes/no question 
( M  beg in  main  c l ause  
, orthographic comma 
) N  and o f  noun ph rase  
(R begin re la t i ve  clause 

S 

IH 
EH 
AH 
UH 
AA 
RR 

) 
J 

. end o f  d e c l a r a t i v e  u t t e rance  

for synthesis o f  an utterance. 
A l so  g iven  a r e  a b a s i c  or  inherent  durat ion 
segment type and a minimum s t ressed  duration i n  m s e c .  

fo r  each  phonetic 

INHDUR MINDUR 
bit 130 no 
bet 150 60 
but 100 50 
book 160 50 
n 240 80 
bird 180 60 
bout 260 100 
beauty 230 100 
been 230 100 
b§£_ 260 100 
9225 2 3 0  100 

yet 80 MO 
let  80 40 
Eat 80 20 
bill 90 70 

get 65 35 
keep'gm 170 110 

get 60 HO 
that 50 30 
goo 75 “0  
azure 70 HO 

get 80 50 
debt 65 HO 
gore 65 50 
at Alan 65 50 

gin 70 50 
. 30 20 
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S y n t a c t i c  s t r u c t u r e .  Syn tac t i c  s t ruc tu re  symbols a r e  important 

determiners o f  sentence s t r e s s ,  rhythm, and in tonat ion.  Syn tac t i c  

s t ruc tu re  symbols appear  j u s t  be fo re  the word boundary symbol. Only 

one syn tac t i c  marke r  can  appear a t  a g i ven  sentence pos i t ion .  The 

st rongest  s y n t a c t i c  boundary symbol i s  a lways  used  ( t h e  s t ronger  

symbols appear higher in  the l i s t  in Table 1 ) .  

An u t te rance  must  end with e i ther  a per iod " . "  signal l ing a 

f inal fal l  in intonation, or a question mark " ) ? "  signalling the 
intonation p a t t e r n  appropr ia te  for yes-no quest ions .  Each c lause  

must b e  preceeded by  e i ther  “ ( M "  to  i n d i c a t e  the beginning o f  a ma in  

c lause,  or " ( R "  to i nd i ca te  the beginning o f  a re la t ive  c lause.  I f  

c lauses are  con jo ined ,  a syn tac t i c  symbol i s  p laced jus t  before the 

conjunct ion.  I f  a comma could be p laced i n  the orthographic 

rendi t ion o f  the des i red  u t t e r a n c e ,  then the syn tac t ic  comma symbol 

" , "  should be  i nse r ted .  Syn tac t i c  commas a r e  t rea ted  as  fu l l  c lause 

boundaries in the ru les ;  t h e y  a r e  used to break up la rger  uni ts into 

chunks in  o rder  to f a c i l i t a t e  percep tua l  p rocess ing .  The end o f  a 

noun phrase i s  i nd i ca ted  b y  " ) N " .  Segments i n  the sy l lab le pr ior  to  

a syntact ic  boundary a r e  lengthened.  Based on the resu l ts  o f  

Carlson, Granstrom, and K l a t t  ( 1 9 7 9 ) ,  an except ion i s  suggested in 
that any ) N  fol lowing a noun ph rase  that  conta ins  only one 

p r imary-s t ressed content  word should b e  e rased .  The NP + VP i s  then 

spoken as a single phonological phrase  wi th  no in ternal  phrase- f ina l  

lengthening. 

Rules 

The representat ion for a sentence d i scussed  above s e r v e s  as  

input to the phonological component o f  the synthesis-by-rule 
program. The form o f  the output from the phonological ru les is 
shown a t  the bottom in F igure 1 .  The abs t rac t  s t r ing  o f  symbols has  

been conver ted to a s t r ing  o f  phonetic segments,  w i th  each  segment 

being assigned a s t ress  feature and duration in msec.  Before 
presenting d e t a i l s  o f  the durat ion algor i thm, we summarize some o f  

the rules that must be executed prior to duration prediction. 

St ress  Rules .  The phonological component assigns a feature 

Stress (va lue = 0 or 1 )  to each phonetic segment in the output 
str ing. The defaul t  value is 0 (uns t ressed) .  Vowels preceded b y  a 
1 or 2-stress in the input are assigned a value o f  1. Consonants 
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p reced ing  a s t r e s s e d  vowe l  a r e  a l s o  ass igned a va lue  o f  1 i f ’ t h e y  6 .  Uns t ressed  [ O R ]  i s  r e p l a c e d  b y  s y l l a b i c  [ R R ] ,  a s  i n  " f o r  h im"  
„ a r e  in  the same morpheme and i f  they  form an a c c e p t a b l e  wo rd - i n i t i a l  É or " f o r g e t " .  ( T h e r e  a r e  many  r u l e s  O f  t h i s  t y p e . )  
H consonant  c l u s t e r .  Segmenta l  s t r e s s  i s  used  i n  r u l e s  t ha t  de te rmine  € Du ra t ion  R u l e s .  Each segment i s  ass igned  a du ra t i on  by  a se t  

segmental durat ion, fundamental frequency, p losive aspiration ; of rules presented in detai l  below. The rules are intended to match 
du ra t i on ,  and fo rmant  t a r g e t  undershoot .  ; observed dura t ions  fo r  a s i n g l e  speaker  (DHK) r e a d i n g  

R u l e s  o f  Segmenta l  Phonology.  There a r e  p r e s e n t l y  v e r y  few paragraph- length  m a t e r i a l s .  The r u l e s  o p e r a t e  w i th in  the  f ramework  

phonologica l  r u l e s  o f  a Segmenta l  na tu re  i n  the program. A number o f  a model  o f  du ra t i ona l  behav io r  wh ich  s t a t e s  t h a t  ( 1 )  each  r u l e  

o f  r u l es  t h a t  a r e  somet imes a t t r i bu ted  b y  l i ngu i s t s  to  the t r i e s  to  e f f e c t  a pe rcen tage  i n c r e a s e  or d e c r e a s e  i n  the  d u r a t i o n  o f  

_] phonological component ( e . g .  pa la ta l i za t ion )  a re  rea l i zed  i n  the the _segment, bUt ( 2 )  segments cannot  be compressed shorter than a 
phonet ic component b e c a u s e  they  i nvo l ve  graded  phenomena ( e . g .  the c e r t a i n  minimum du ra t i on  ( K l a t t ,  1 9 7 6 a ) .  The model  i s  summarized b y  

[ S ]  o f  " f i s h  soup" i s  p a r t i a l l y  p a l a t a l i z e d ,  bu t  no t  i d e n t i c a l  to  „ the formula:  
. [ S H : ] .  The segmental  (wi th in—word and across—word-boundary) : DUR : ((INHDUR—MINDUR)*PRCNT)/100 + MINDUR ( 1 )  

3 phonolog ica l  r u l e s  t ha t  a r e  d e s c r i b e d  be low a r e  ex t r eme l y  impor tan t .  where INHDUR i s  the inherent  d u r a t i o n  o f  a segment  in  m s e c ,  MINDUR 

They a r e  no t  " s l o p p y  speech"  r u l e s ,  bUt r a the r  r u l es  tha t  a id  the i s  the minimum dura t ion  o f  a segment  i f  s t r e s s e d ,  and PRCNT i s  the 

“È; l i s t e n e r  1n hypothe5121ng the  loca t ions  O f  word and phrase È percentage shor ten ing  de termined b y  app ly ing  ru l es  1 t o  10 be l ow .  
%.“ _ boundar ies .  For e x a m p l e ,  t h e  second ru le  ensures  tha t  a word—f ina l  The program beg ins  b y  ob ta in ing  v a l u e s  fo r  INHDUR and  MINDUR f o r  the  

cur ren t  segment from Tab le  1,.  and  b y  se t t i ng  PRCNT t o  100.  The 

inherent du ra t ion  has  n o  spec ia l  s t a t u s  o ther  than a s  a s t a r t i n g  

/ T /  i s  n o t  p e r c e i v e d  a s  a p a r t  o f  the n e x t  word  b y  i nse r t i ng  

s imul taneous g l o t t a l i z a t i o n  to  a t t e n u a t e  any  r e l e a s e  b u r s t .  Ru les  we 

e x p r e s s e d  in  a f e a t u r e — b a s e d  no ta t ion  tha t  i s  compiled i n t o  Penman 
code  f o r  computer s imu la t ion  o f  the phonological  component ( K l e t t ,  
1976b) .  Rules 1 and 2 below a r e  s ta ted i n  th is way, while Hm 
o thers  a re  e x p r e s s e d  i n  o r d i n a r y  Eng l i sh .  

1 .  [ L ]  - - >  [ L X ] / ( + V O W E L ) . . . ( - S T R E S S )  
Subst i tu te  a pos tvoca l i c  ve lar ized allophone [ L X ]  for ' [ L ]  i f  
the [ L ]  i s  preceded b y  a vowel and fo l lowed by  anything except 
a s t r e s s e d  vowe l  i n  t h e  same word .  

2 .  ( [ T ]  or [ D ] )  - ->  [DX]/(+SONOR -NASAL). . . ( -STRESS +VOWEL) Î The durat ion o f  the segment is  then computed b y  insert ing the f inal  
Re 1 T D ' ' nd _ . . . . „case-„m;; “ < “  1 … „, 
boundar ies)  i f  the  p l os i ve  i s  f o l l owed  b y  a : 1 .  PAUSE INSERTION RULE:  I n se r t  a 200 msec pause be fo re  e a c h  

point for r u l e  app l i ca t i on ;  i t .  i s  roughly t h e  du ra t ion  to  be 

expec ted  in  nonsense CVCs spoken i n  t h e  c a r r i e r  ph rase  "Say  b 

again" o r  "Say  CaC aga in " .  The fo l lowing t en  r u l e s  a r e  then 

app l ied ,  where e a c h  ru le  m o d i f i e s  the PRCNT va lue  obta ined f rom the 

prev ious app l i cab le  r u l es  acco rd ing  to  the  equa t i on :  

PRCNT=(PRCNT*PRCNT1)/100 ( 2 )  

non-pr imary-st ressed vowel and preceded b y  a nonnasal ; sentence-internal main c lause and a t  boundaries delimited by  a 
sonorant .  Examples:  "bu t te r " ,  " ladder " ,  " sa t  about" .  ' syntact ic  comma, but no t  be fo re  re la t i ve  c lauses.  The " ( R "  

' ' n n ' ° 3 .  A word—final [ T ]  preceded by a sonorant ‚is replaced by uw ; symbol functions 11ke a )N 1n the duration rules. 
g lot ta l ized denta l  s top  TQ ( i . e .  has  a g lo t ta l  re lease  rathm‘ 2.  CLAUSE-FINAL LENGTHENING: The vowel  or syl labic consonant in  the 
than a t-burst) i f  the next  word s tar ts  with a stressmi syllable just before a pause is  lengthened by PRCNT1=1”0- Any 

_ sonorant ( u n l e s s  t h e r e  i s  a c lause boundary be tween  the words.  „ consonants  be tween  t h i s  vowe l  and the pause a r e  a lso  lengthened 
j in which case the [ T ]  i s  re leased in to a pause ) .  Examples: ; b y  PRCNT1=1HO. 
I Il n n n :r i that One , Mat ran - g 3. NON-PHRASE-FINAL SHORTENING: Syllabic segments (vowels and 
; ü .  A Vo ice less  p los i ve  i s  not re leased i f  the n e x t  phonetfl - sy l labic consonants)  a r e  shortened by PRCNT1=60 i f  not in a 

5 segment is  another vo ice less p losive within the same clause- ; phrase- f ina l  sy l lable.  A ph rase- f ina l  postvocal ic  liquid or 

Î 5- A g lottal  Step [Q]  i s  inserted before a word-init ial stressmi ; nasal 15 lengthened by PRCNT1=1H0. 
i vowel i f  the preceding segment i s  syllabic (and not a _ 4. NON-WORD-FINAL SHORTENING: Syllabic segments are shortened by 
; d e t e r m i n e r ) ,  o r  i f  the preced ing segment i s  a v o flm d _ §  PRCNT1:85 i f  not  in  a word—f ina l  sy l l ab le .  

g n0npl°Slve and there Is an Intervenins phrase boundar“ f 5. POLYSYLLABIC SHORTENING: Syllabic segments in a polysyllabic . II 11 Example. Liz eats . word are shortened by PRCNT1=80. 
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6 .  NON-INITIAL-CONSONANT SHORTENING: Consonants  i n  non-word- in i t ia l  
posi t ion are  shortened b y  PRCNT1=85. 

7 .  UNSTRESSED SHORTENING: Uns t ressed  segments a r e  h a l f  aga in  more 
compressable than s t ressed  segments ( i . e .  se t  MINDUR=MINDUR/2). 
Then both uns t ressed  and 2 - s t r e s s e d  segments  a r e  shor tened b y  a 
fac to r  PRCNT1 t ha t  i s  tabu la ted  be low fo r  e a c h  type o f  segment. 
The r esu l t  i s  t h a t  segments ass igned  secondary  s t r e s s  a re  
shor tened r e l a t i v e  t o  1 - s t r e s s ,  bu t  not  a s  much as uns t ressed 
segments.  

C o n t e x t  PRCNT1 f o r  U n s t r .  and 2 — s t r e s s  
syllabic—Iword-medial s y l l )  50 
syl labic (o thers)  70 
p r e v o c a l i c  l i qu id  or  g l ide  10 
a l l  o the rs  70 

8 .  LENGTHENING FOR EMPHASIS: 
PRCNT1=1AO p e r c e n t .  

9. POSTVOCALIC CONTEXT OF VOWELS: 
consonan t  or 

An emphasized vowe l  i s  lengthened b y  

The in f luence o f  a pos t voca l i c  
sonoran t—stop  c l us te r  on the  dura t ion  o f  a vowel 

i s  g iven below. (Cs must b e  in  the same morpheme as the V and 
must  h a v e  the f e a t u r e  u n s t r e s s e d . )  In a pos tvoca l i c  
sonorant—obst ruent  c l u s t e r ,  t h e  obs t ruent  de te rm ines  the e f f e c t  
on the vowel and on the sonoran t .  

Con tex t  PRCNT1 
open sy l l ab le ,  w o r d — f i n a l  120 
be fore  a vo iced f r i c a t i v e  160 
b e f o r e  a vo iced  p l o s i v e  120 
before an unstr .  nasa l  85 
before a vo ice less  p los ive 70 
a l l  o the rs  100 

The e f f e c t s  a r e  g r e a t e s t  a t  ph rase  and  c lause  boundar ies:  i f  
non-phrase—final ,  change PRCNT1 t o  be 70  + 0.3*PRCNT1 

10. SHORTENING IN CLUSTERS: Segments a re  
consonant-consonant  sequences ( d i s r e g a r d i n g  
but not across phrase boundar ies ) ,  and segments 

shortened in 
wo rd  boundar ies ,  

a re  a l so  mod i fed  in dura t ion i n  vowe l—vowe l  sequences .  

C o n t e x t  PRCNT1 
vowel  fo l lowed b y  a v o w e l  120 
vowel preceded b y  a vowel  70 
consonant surrounded b y  consonants 50 
consonant preceded b y  a consonant 70  
consonant fol lowed b y  a consonant 70 

11.  LENGTHENING DUE T0 PLOSIVE ASPIRATION: A 1-st ressed or 
2 -s t ressed  vowel  or sonorant  p receded  b y  a asp i ra ted  p losive i s  
lengthened b y  25 m s e c .  

When the ru les  a re  appl ied to the / R R /  o f  " r ocke r "  in F igure 1 ,  the 

second r u l e  s e t s  PRCNT t o  1 4 0 ,  the f i f t h  ru l e  reduces  PRCNT t o  1 1 2 ,  

the seventh rule reduces MINDUR to  30 msec and PRCNT t o  7 8 . 9 ,  and 
the ninth ru le  increases PRCNT t o  99 .  Then INHDUR, MINDUR, and 
PRCNT a r e  i nse r ted  in  Equat ion 1 and the resu l t ing  durat ion i s  

rounded up to the nearest 5 msec to obtain the value of  175 msec.  
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The r e s u l t i n g  du ra t i ons  a r e  determined in p a r t  b y  a v a r i a b l e  

con t ro l s  the  nominal Speak ing  r a t e  SPRATE wh ich  c a n  be s e t  to  

The d e f a u l t  

A t  ra tes  slower than 150 wpm, 

that  
any number between 60 and 300 words per minute. 

i s  180 
pause i s  i n s e r t e d  be tween  a content word and a 

v a l u e  

w o r d s  pe r  m i n u t e .  a shor t  

fo l lowing func t i on  

wo rd .  ( A t  a normal speak ing r a t e ,  b r i e f  pauses a r e  i nse r ted  on ly  a t  

the o f  

shortened s l i g h t l y  depending on speaking r a t e ,  but  most  o f  the 
ends c l a u s e s . )  Individual segments a re  lengthened or 

r a t e  

change i s  r e a l i z e d  b y  man ipu la t ing  pause du ra t i ons .  

w 
The 

o f  the  seen  in 

i n t e rac t i ons  in and  the 

N e v e r t h e l e s s ,  a s  a f i r s t  app rox ima t i on ,  the r u l e s  

c o n s t i t u t e  on ly  a f i r s t -o rde r  approximat ion to  many 

( e . g .  

r u l es  comple te ly  ignore  other 

r u l e s  

du ra t i ona l  phenomena sen tences  consonant 

c lus te rs )  
f a c t o r s .  c a p t u r e  

a good dea l  o f  the s y s t e m a t i c  va r i a t i on  i n  segmenta l  dura t ions  fo r  

speaker  DHK.  When compared w i t h  spect rograms o f  new paragraphs r e a d  

b y  t h i s  s p e a k e r ,  the  r u l e  sys tem produces segmental  du ra t ions  tha t  

d i f f e r  f rom measured  du ra t i ons  b y  a s tandard  dev ia t i on  o f  17 m s e c  

(exc lud ing  the p red ic t ion  o f  pause  d u r a t i o n s ) ,  and the ru les  account 

the total 'segmental 
du ra t i ons .  Seven teen  genera l ly  than the 

jus t -no t i ceab le  d i f f e r e n c e  for a s ingle change to  segmenta l  du ra t ion  

1976a) .  

for 8 9  pe rcen t  o f  obse rved  va r i ance  in 

m s e c  i s  l e s s  

in sentence mate r ia ls  ( K l a t t ,  

A pe rcep tua l  eva luat ion  o f  the performance o f  the ru le  s y s t e m  

i s  d iscussed by  Car lson,  Granstrom and K la t t  ( 1 9 7 9 ) .  

r esu l t s  a r e  encourag ing  i n  t ha t  both na tu ra lness  and i n te l l i g i b i l i t y  

o f  sen tences  syn thes ized  b y  these ru les  a r e  v e r y  s imi lar  to 

ob ta ined 

The perceptua l  

r a t i n g s  

r a t i n g s  o f  the same sen tences  syn thes ized  us ing  du ra t i ons  

from a na tu ra l  r eco rd ing .  
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COMPLEX CONTROL OF SIMPLE DECISIONS IN THE PERCEPTION OF VOWEL 

LENGTH 

Sieb G .  Nooteboom, Institute for Perception Research, Eindhoven 

Netherlands 

Introduction 

Measurable vowel durations in connected speech are influenced 

by many different factors.  Well-known examples are the e f f ec t s  on 

the durations of  stressed vowels o f  (1) the postvocalic consonants, 
( 2 )  the position o f  the syllable in the word, ( 3 )  the syntactic 

position o f  the word in the sentence, ( 4 )  the presence or absence 

o f  a speech pause following the syllable to which the vowel belongs, 

(5)  overall speech rate. Despite the wide variability in acoustic 
durations due to the combined e f f ec t s  o f  these and other factors, 

in many languages vowel durations are contrastive cues to vowel 

phoneme perception. The fact that the shortest durations o f  phone- 

mically long vowels can be considerably shorter than the longest 

durations of  phonemically short vowels does apparently not prevent 

listeners from making correct decisions as to perceived phonemic 

vowel length. Let us examine how a decision strategy might be 

organized in order to accomplish this. 
A hypothesized decision strategy 

We assume, in terms o f  signal detection theory, that each acous- 

t ic vowel duration i s  represented on an internal stimulus strength 

axis with an uncertainty that is equal for all vowel durations, at 

least within the limited range o f  durations in which we are inter- 

ested.  This uncertainty, due the e f fec ts  o f  sensation noise, gives 

rise to a Gaussian distribution of  stimulus strength values for 

repetitions o f  each particular vowel duration. We further assume 

that identification of  vowel length is so organized that each in- 
dividual stimulus strength value X,  derived from a single vowel 
duration, is  compared to an internal criterion C on the stimulus 

strength axis. All X lower than C are identified as short vowel 

phonemes, all X higher than C are identified as long vowel pho- 
nemes. The criterion C is assumed here to be noiseless so that all 
uncertainty in phonemic decisions has to be caused by the ef fects 
o f  sensation noise. Due to the Gaussian form o f  the stimulus 

strength distributions, the probability distribution o f  short VOW‘ 

el  decisions over a set  o f  acoustic vowel durations, and o f  course 

the complementary probability distribution of long vowel decisions: 

.. . 
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will have the form of  a cumulative normal distribution with a mean 
„ (the phoneme boundary) reflecting the position o f  the internal 
criterion C on the stimulus strength axis,  and a standard deviation 
a reflecting the e f f ec t  o f  sensation noise. 

Although the internal criterion C is supposed to be noiseless, i 
this does not imply that i t  has always the same position on the ? 
stimulus strength axis.  We assume that the listener can move the “ 
internal criterion up and down the stimulus strength axis, adjusting 
i ts  position in order to optimize the chance o f  correct recognition. 
Imagine that a listener perceives a vowel segment and is not sure 
whether the phoneme intended by the speaker was a long or a short 
vowel. He may then take into account that the vowel concerned is  
clearly stressed, is followed by a voiceless plosive, is in the 
final syllable of  a word which is immediately followed by a major' 
syntactic boundary, not accompanied by a speech pause, and that the 
speech rate is  slightly faster than normal. Our listener knows from 
experience that in these conditions a short vowel would have had 
a stimulus strength value A and a long vowel a stimulus strength 
value B .  He therefore places his internal criterion C in the middle 
between A and B ,  in this way optimizing his chance o f  a correct de- 
cision on perceived vowel length. 

Of  course, such a decision strategy implies that listeners have 
an extensive and detailed knowledge o f  the temporal regularities 
of  speech and are able to apply this knowledge very rapidly, so 
rapidly in fact that they are not aware o f  doing so.  They are even 
unaware o f  having this knowledge. We cannot, therefore, test the 
prOposed theory by asking listeners what they do. We need another 
kind o f  test .  Let us examine a few specific hypotheses that may be 
derived from the theory and see whether they are corroborated by 
experimental data. 
Eh§_effect o f  sensation noise 

I f  our theory is correct we could measure the accuracy o f  audi— 
tory representation in a vowel length identification task, by de- 
termining the c o f  the cumulative normal distribution. Of  course, 
in psychoacoustics the accuracy o f  auditory representation is gen- 
erally expressed in terms o f  a differential threshold measured in 
a binary forced choice comparison task, involving two stimuli per 
decision. Our theory predicts that the accuracy is equal in both 
tasks, because there is no reason to suppose that the e f fec t  o f  
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sensation noise would be d i f ferent.  In testing this hypothesis, 

however, we must take into account that in a binary forced choice 

task involving two stimuli-the stimulus separation needed to obtain 
a given level of  performance, for example the 75 % level, is /2 
greater than the stimulus separation needed to obtain the same lev— 

el o f  performance in a similar task involving only one stimulus 

per decision (Green and Swets,  1966 ,  6 8 ) .  Because the 0 o f  a cumu- 

lative normal distribution is almost etimes the 75 % differential 
threshold, we may compare the a measured in a binary forced choice 

identification task directly to 75 % differential thresholds meas- 
ured in a comparison task. 

In a number o f  identification tests on the e f fec t  o f  acoustic 

vowel duration on the distinction between Dutch short /a /  and long 
/a : /  in different speech contexts, ranging from isolated vowels to 
vowels embedded in full sentences, we have found o ' s  averaged over 

groups o f  at least 10 listeners for each context condition, between 

10 ms ( fo r  vowels in isolation) and 3 ms ( for  one particular full- 

sentence condit ion). In most conditions o ' s  were in the order o f  

6 ms. Phoneme boundaries ranged from 75 to 100 ms. These o ' s  are 

within the range o f  differential thresholds o f  sound duration re- 

ported in the literature for sounds with approximately the same 

durations (Lehiste, 1970 :  Nooteboom and Doodeman, 1 9 7 8 ) .  There is 

an unpredicted and clear tendency for the 0 ' s  to decrease when 

more speech context becomes available to the listeners. I f  we 

stick to our assumption that, within each particular context, 

the internal criterion C is noiseless, this would mean that the 
e f f ec t  o f  sensation noise is context dependent. I f  one would pre- 

fer to assume that the e f f e c t  o f  sensation noise is independent 

o f  speech context, one would have to abandon the idea o f  a noise- 

less criterion, and assume that the internal criterion shows less 

uncertainty with increasing embeddedness of the vowel segment. 

Moving the internal criterion up and down 
Let us now see what happens to the phoneme boundary, being the 

measurable reflection o f  the assumed internal criterion C in the 

decision strategy, when we change the speech context. The proposed 

strategy implies that, when the speech context changes in such a 
way that the expected durations of  short and long vowel phonemes 
change, the internal criterion will move up and down accordinglyy 
This prediction has been tested for changes in speech context re- 
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lated to ( l )  the postvocalic consonant, (2 )  the position of  the 
syllable in the word, (3) the syntactic position of  the word in 
the sentence, (4)  the presence or absence o f  a speech pause after 
the syllable, ( 5 )  the overall speech rate. The experimental de— 

sign was very similar in all cases and has been described in de- 
tail elsewhere (Nooteboom and Doodeman, 1978) .  All experiments 

It should be 
noted that in natural speech these two vowels are distinguished 

were limited to the Dutch /a/ - / a : /  Opposition. 

not only by their relative durations but also by their spectral 

properties, which were kept constant in the experiments. All ex- 

periments involved at least 10 subjects. Let us briefly review 
the results. 

- The postvocalic consonant 

Vowel segments followed by a speech pause have generally a great- 
er duration than those followed by a consonant. The amount o f  
shortening caused by the postvocalic consonant depends on the 
nature of the consonant. For example, plosives tend to shorten 
the preceding vowel more than do f r icat ives. This is  valid for 
both short and long vowel phonemes. Consequently the optimal 

position of the internal criterion C will be at a lower stimulus 
strength value for vowels followed by a fricative than for vowels 
in isolation, and at  a sti l l  lower value for vowels followed by a 
voiceless plosive. we therefore can predict that the phoneme 
boundary between /o/ and / a : /  in isolation lies at  a greater du— 
ration than the same phoneme boundary measured before / s / ,  which 
again lies at  a greater duration than the one measured before / t / .  
This prediction is corroborated by the data. we find the follow- 
ing phoneme boundaries, estimated from probability distributions 
in a vowel length identification test by fitting cumulative nor- 
mal distributions (sd stands for the standard deviation over the 
subjects, and is not to be confused with the earlier discussed 
0 ) :  

In isolation 100 ms (sd 8 . 4  ms) 
Before /s /  9 7  ms (sd 6 . 7  m s ) -  
Before / t /  9 1  ms (sd 6 . 9  ms) 

- The position in the word 
Both short and long Dutch vowels bearing lexical stress tend to 
become shorter with increasing number o f  unstressed syllables 
following in the word (Nooteboom, 1 9 7 3 ) .  Thus we predict that the 

Phoneme boundary will shift towards shorter durations when more 
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unstressed syllables are added to the word. This has been tested 

with nonsense words in isolation, in which the f i r s t ,  st ressed,  

syllable contained the tes t  vowel segment, followed by intervocab 

ic / t / ,  and the number o f  unstressed syllables was 0 ,  l ,  2 or 3. 
Phoneme boundaries and standard deviations over the subjects wenn 

0 unstr. sy l l .  9 1  ms ( s d  6 . 9  ms) 

1 unstr. sy l l .  8 8  ms ( s d  5 . 8  ms) 

2 unstr. sy l l .  8 5  ms (sd  5 . 5  ms) 

3 unstr. sy l l .  8 3  ms ( s d  4 . 3  ms) 

Differences between the last three conditions might have been hr 

duced by perceived changes in the second syllable. 

The syntactic position o f  the word 

Durations o f  Dutch short and long vowels in monosyllabic words 

vary systematically with syntactic position o f  the word, notably 

with the type o f  syntactic boundary immediately following the wont 

In one experiment we measured phoneme boundaries between /o /  and 

/ a : /  in a monosyllable / t /  embedded in 5 dif ferent test  utter- 

ances, each with a d i f ferent syntactic structure. These test  uflær— 

ances were obtained from sentences spoken with the long vowel / a d  

in the test segment s lo t ,  and had normal rhythm and intonation. 

This original vowel / a : /  had durations ranging from 150 ms in mm 

utterance to 190 ms in another. In each Spoken sentence the orig? 

nal vowel segment was excised and replaced by one o f  a set o f i æ s t  

segments differing in acoustic duration. Phoneme boundaries were 

assessed in each o f  the 5 test utterances for each of  12 subjecui 

They ranged from 76 ms, for the test  utterance with an original 

/ a : / -  duration o f  150 ms, to 100 ms, for the test utterance wiUI 

an original /a:/—durat ion o f  190 ms. Calculating the product mmænt 

correlation o f  the original /a:/—durations in each o f  the 5 test 
utterances with all 12 phoneme boundaries in each of  these utter- 

ances gave r = 0 . 8 3  (p < 0 . 0 0 1 ) .  Apparently the /a:/-durationsam 

originally Spoken in these test  utterances are to a fair extent 

controlled by the same factors as the phoneme boundaries in the i r  

dentification tes t .  These factors are either to be looked for in 

the syntactic structures o f  the sentences, as intended by the 

speaker and perceived by the listeners, or ,  more probably, in flæ 

prosodic structures o f  the sentence realizations, which, o f  counæ: 

are partly determined by the syntactic structures. 
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- The prepausal position o f  the syllable 

Durations o f  Dutch short and long vowels in monosyllabic words 

are considerably longer when the word is in prepausal position 

than when i t  is not,  other things being equal. Thus we may pre- 

dict that the phoneme boundary in an embedded monosyllable will 

shift towards a greater duration when we insert a Speech pause 
immediately after the monosyllable. This has been tested by in- 

serting acoustic Silent intervals with durations of  0 ,  100 ,  2 0 0 ,  

and 800 ms immediately after the test  syllable / t /  embedded in 
a test utterance, and measuring the phoneme boundary in each o f  

these conditions. In addition, the probability o f  speech pause 

perception has been measured independently. I t  was found that 

the phoneme boundary increased from 79 ms for a silent interval 

o f  0 ms,  to 9 4  ms for a silent interval o f  800  ms, and that the 

phoneme boundaries in all tes t  conditions were accurately pre— 

dicted by 

b = 79 + 15P 
p SPP 

in which pb is the phoneme boundary in ms, and PS p is the prob- 

ability of  speech pause perception. The probability distribu— 

tion o f  Speech pause perception over the durations o f  silent in- 

tervals follows an exponential function with a time constant o f  

200  ms. One possible interpretation o f  these results is that the 

listeners employed in this experiment two discrete internal cri- 

teria for vowel length identification, one for the prepausal 

and one for the non—prepausal condition. The gradual increase 

o f  the mean phoneme boundary value could be entirely due to the 

gradual increase in the probability o f  speech pause perception. 

- The e f f e c t  o f  speech rate 
The e f f ec t  o f  speech rate was assessed in a listening experiment 

employing a computer—controlled channel vocoder in order to vary 

overall speech rate o f  a t es t  utterance. In this test utterance 

the syllable / t /  was in final position and the speech rate o f  
all speech material preceding the tes t  vowel segment was 0 . 6 7 ,  

1, or 1 . 5  times normal. Phoneme boundaries were 81, 9 5  and 102 

ms respectively, showing a partial adjustment to speech ra te .  
Conclusions 

The proposed decision strategy for the disambiguation o f  vowel 
length is confirmed in all experimental tests.  The e f f e c t  o f  sen- 
sation noise does not conflict with what would be predicted from 
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differential thresholds for sound duration, although there is an 

unexpected tendency towards higher accuracy with increasing amount 

o f  embeddedness o f  the test  vowel segment. The e f f ec t  of  speech 

context on the phoneme boundaries is  found to be in the predicted 

direction in all 5 types of contextual differences which were in- 
vestigated. _ 

The shifts o f  the phoneme boundary may seem small, ranging ' 

from a few ms to about 2 5  ms.  However, they are generally in the 

same order o f  magnitude as contextual e f fec ts  on the durations of 

short vowels. Analogous to the tendency towards higher within- 

subject accuracy with increasing amount of embeddedness, we find 
1ess.inter-subject variation with increasing amount o f  embedded— 

ness, suggesting that the position o f  the internal criterion C r 

becomes more and more constrained by inter-personal factors when . 

more speech context becomes available to the listener. 
The results support our hypothesis that l isteners, whether 

they know it or not, have an extensive and detailed knowledge of 

the temporal regularities o f  speech and actually apply this know- 

ledge rapidly and unknowingly in Optimizing their chance of  corrax; 

decisions on perceived vowel length. This strategy for disambigua- 

tion o f  vowel length may seem an extremely complex and even cumber- 

some machinery for the communication o f  a very simple binary con- 

t rast.  However, given the complexity o f  the temporal organization 

of  speech, decision strategies in perception have to be complex in 
order to be efficient. 
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PREDICTING SEGMENT DURATIONS IN TERMS OF A GESTURE THEORY 

OF SPEECH PRODUCTION 

S.E.G. Öhman, S. Zetterlund‚ L.  Nordstrand and 0. Engstrand, 
Dept. o f  Linguistics, Uppsala University, Sweden 

Theory 

We take the basic object  o f  phonetic investigation to be the 

concrete sound gestalt produced by a speaker in a speech act ,  i . e .  

the spoken sentence. And we take the basic problem of our research 
to be that of  explaining the physical structure o f  the sentence 

considered, not merely as a complex sound, but as a complex sound 

used as  a vehicle for linguistic communication, o r ,  briefly speak- 

ing, we take the problem to be that of  explaining the phonetic 

structure o f  the sentence. 
We explain the sentence phonetically by giving an explicit 

account o f  i t s  linguistically functional, physical components, 

(atomic and compound), and of  the methods by which these components 

are made to form a whole. 

An oscillographic or spectrographic record of  a spoken sentence 

does not by i tsel f  explain the phonetic structure of  the sentence. 

In such a record, both the (primary) acoustic e f fec ts  intended by 

the speaker to form the linguistically functional (atomic or com— 

pound) parts o f  the sentence, and the (secondary) acoustic traces 

of  the speaker's e f for ts  to bring the intended acoustic e f fec ts  

about, will be visible. As a f i rst step in the phonetic explana- 
tion of  a sentence we therefore try, on the basis of  experiment, 

to distinguish the former acoustic e f fects  from the lat ter ,  to de- 
fine the intended (primary) effects in acoustic terms, and to ex- 
plain with reference to the physiological properties o f  the organs 
of  sound production and perception, EËX the speaker chooses to 

bring the intended acoustic e f fec ts  about in just  the way he does. 

In particular, we require detailed explanations of why the (secon- 
dary) acoustic traces of  these ef for ts have the acoustic properties 
that they have. 

As an example o f  this, consider a phonetic part of  a sentence 

that has the form of a voiceless stop consonant such as [ t ] .  I t  

may be assumed that the intended acoustic ef fect  in this case (the 
[ t ]  per se) is the brief burst of  friction noise. The formant 
transitions that follow this burst (into a following vowel), the 
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voiceless time interval that precedes i t ,  and the formant transi- 

tions (from a preceding vowel) that precede this voiceless intenml, 
are all to be regarded as secondary acoustic traces of  the speahmfls 
e f for ts  to bring the burst about. These traces may be explained 

by showing that a burst o f  the type in question can only (or at 

least, most easily) be produced by building up air pressure behimi 
an oral closure at a certain place and by then quickly releasing 

this pressure in the familiar manner. (A detailed analysis would 

o f  course have to make quantitative predictions on the basis o f e m  
explicit production and perception model.) 

We evaluate an assumption about what does and what does not 
constitute the intended (primary) acoustic e f fec ts ,  in the total 
complex sound of  a sentence, (1) on the basis o f  the possibility 
o f  explaining convincingly the detailed physical structure of  the 
sentence (including secondary e f f e c t s ) ,  given the physiological 
constraints on the production and perception mechanisms, and gival 
that the speaker 's goal is  that of  bringing about the assumed pri- 
mary e f fec ts ,  and ( 2 )  on the basis of  the depth of insight that um 
assumed phonetic structure gives us as regards the semantic func- 
tion o f  the sentence in the speech act where i t  was used. 

We do EEE assume that the phonetic structure of a sentence is 
segmental, nor that it is linear. Experience indicates, on the 
contrary, that the following picture is better just i f ied: 

In any language one Operates with a finite inventory o f  types 
of  atomic acoustic e f f e c t s .  We write E l ,  . . . ,  En to  denote these 

e f fec t  types for a given language (with n such types).  Moreover, 
we use lower case letters (such as e) to denote intended (atomic) 
acoustic e f fec ts ,  and we write 

(1) e € E1 or Ei (e)  

to say that the atomic acoustic e f fect  e is of type Ei '  
Atomic acoustic effects may be combined to form larger acoustw 

units in either o f  two ways called coarticulation and sequencing. 
We write 

(2 )  + e e1 2 
to indicate that the two atomic acoustic e f f ec t s  e l  and e2 are CO“ 
articulated, which means that they come about (are brought about) 
simultaneously, or,  more accurately, that there is a point in time 
at which both these ef fects are heard. And we write 

i 
l 
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(3) el . e2 

to indicate that the two atomic acoustic e f fec ts  e and e 2  are l 
sequenced, which means that e l  comes about, whereupon e2  comes 

about as soon as can be done. I t  should be noted that, for all 

81' e j  and ek the folloWing equalities hold: 

( 4 )  ei + e j  = e j  + ei 

(5) (ei + e j )  + ek = ei + ( e j  + ek) 

( 6 )  (e i  o e j )  o ek = ei . ( e j  . ek) 

(7) ei + ei = ei . ei = ei 

Every language will have special rules according to which 

‚ce r ta in  atomic acoustic e f fec ts  (speci f ic  to that language) can 

be coarticulated and sequenced. These rules will also allow co- 

articulation and sequencing o f  nonatomic (compound) acoustic e f —  

fects (differently in different languages). I f  e1 and/or e2  are 

compound e f f e c t s ,  the expression e l i .  e2  denotes the sequence in 

which e2 develops immediately after the last e f fec t  o f  el has 

emerged; and el + e2  denotes an e f fec t  in which el and e2 develop 

simultaneously in such a way that the last ef fects  of el and e2  

coincide in time. 

In most languages, we should expect to encounter compound 

acoustic effects of  both of the following forms 

(8)  (e2  + e s )  . e3 

( 9 )  e2  + (e5  o e 3 )  

Here (8)  is to be read: the compound ef fect  in which e2 is coar- 
ticulated with e s ,  immediately followed (as a whole) by e 3 .  And 

(9) is to be read: the compound e f fect  in which e2 is coarticulated 
with a compound e f fec t  in which the ef fec t  e 5  is immediately fol- 

lowed by e3.  
The linearity hypothesis, which we reject ,  excludes compound 

e f fec ts  of the form (9)  above. 
The acoustic e f fec ts  are related to articulation as follows. 

When the Speaker says his sentence he knows what acoustic effects 
he intends to bring about and how they are to be arranged in terms 
of coarticulation and sequencing. In order to bring these ef fects 
about, he makes audible gestures with his organs of  speech produc- 

tion, one gesture for each acoustic ef fect  intended, whether atomic 
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or compound. I . e . ,  the gestures can also be regarded as atomic 

or compound. 

The gestures will be timed and executed in such a manner that 

( l )  the intended acoustic ef fects come about and (2 )  no intended 

acoustic e f f e c t s  are destroyed by the bringing about o f  other 

e f f ec t s .  

We hypothesize that in a very considerable number o f  cases 

the segmental structure o f  sentences visible in oscillograms and 

sound spectrograms and, in particular, the temporal durations o f  

these acoustic segments, can be explained as secondary e f fec ts  due 

to the speaker 's  e f fo r t s  to bring about the linguistically func- 

tional, primary acoustic e f fec ts .  

The reasoning behind this hypothesis i s ,  among others, this: 

The linguistically functional, intended acoustic e f fec ts  are not, 

in general, required to have any particular duration. They are 

fe l t  to be complete as soon as they are heard to emerge. A com- 

plex acoustic e f fec t  in which several atomic ef fects  are coartic- 

ulated may, however, require for i ts  execution a compound gesture 

one part o f  which is  slower than al l  the others. I f  several of 

these gestures are started at about the same time, some of  them 

may be completed earlier than the others in the sense that the 

e f fec ts  that they aim at bringing about emerge before the others. 

To coarticulate all the ef fects ,  i . e .  make them audible at the 
same time, the e f fec ts  that emerge early will have to be maintahmd 

for some time while waiting for the remaining ef fects to materialnm. 

Thus, acoustic segments with quasi-stationary qualities will arise 

not as a final end o f  the phonetic action but as a secondary con- 

sequence of  the e f fo r t  to reach a certain final end (the simulta- 

neous sounding of  the e f fec ts  in question). 

As an example o f  an alleged phonological contrast that seems 

eliminable on this paradigm we offer the Swedish contrast [ v i : l a ]  
[ v i l : a ]  ( rest ,  house) which we analyze as 

v (s t ress  + i)  o l o a 

v (stress + ( i  o l ) )  o 1 o a 
where the stress ef fect  which it takes a relatively long time to 

produce must be coarticulated with the vowel [ i ] ,  (thus making the 
quickly producible [ i ]  long) in the first case, whereas the stress 
e f fec t  is coarticulated with [ i  o I ]  in the second case (thus maküw 

the [ | ]  long). 
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Among the acoustic e f fec t  types o f  most languages there will 

be certain (relative) pitch levels or compounds (sequenceS) o f  such E 

levels. These pitch levels will in general be coarticulated with 

acoustic e f f ec t s  with the feature [+vo ice] ,  especially vowels. 

We therefore expect that vowel duration will be strongly dependent ; 

on intonation in most languages. 

In what follows some experimental data that have been collected 

to test  this theory will be summarized. 
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Data 

In two experiments (Zetterlund e t  a l .  1978,  Engstrand e t  a l .  

1978) we used a computer system (ILS) for manipulating prosodic 

parameters in natural speech to show that listeners consistently 

tend to overlook systematic durational variations in their identi— 
fication of certain noun phrases such as compounds and lexicalized 
phrases. In an identification experiment we presented our infor- 
mants with various synthesized versions of  certain utterances (see 
Zetterlund e t  a l .  1978,  Engstrand e t  a l .  1978) systematically 
changing fundamental frequency, vowel and consonant durations, and 
intensity. The responses were consistent to almost one hundred 
percent: The critical parameter for the l isteners' identification 
of  these utterances was F 0 .  Although the acoustic analysis dis- 
plays great variations in the duration and intensity parameters, 
our subjects apparently paid no attention to these potential cues 
in the presence o f  F 0 .  

On the basis o f  the theory sketched earlier in this paper, 
we expect that a large F0 movement between two critical values 
would tend to space these points further apart in time than a 
small (or no) F0 change. To test this hypothesis we have in one 
experiment looked a t  words involving the Swedish word accent oppo- 
sition. In bisyllabic accent 2 words in focus position F0 has to 
be low at the end o f  the f irst (stressed) vowel. The second vowel 
carries the sentence accent which is physically signaled as a high 
F0 at the beginning of  the vowel. Consequently, most of  the F0 
rise has to take place during the intervening consonant occlusion. 
The corresponding accent 1 words do not display this upward shift 
but are characterized by a more or less level F0 contour during 
the consonant. The interesting thing about this is that the con- 
sonant in the accent 2 words seems to be significantly longer than 
the consonants in the correSponding accent l words. 
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It  is known that F0 variations are accompanied by considerable 

vertical movements of the entire larynx box. Combined electro- 

myographic and larynx movement data that we have collected show 

that these vertical movements have definite muscular correlates, 

namely activity in the geniohyoid and sternohyoid muscles for up- 

ward and downward movement, respectively. Although the way the 

vertical movements mechanically a f fec t  the tension of  the vocal 

folds is very much open to question, we can state that there is 

a very high positive correlation between larynx height and F 0 ,  and 

that F0 control involves a delicate coordination between small in- 

trinsic musculature and larger supra— and infrahyoidal muscle 

masses. And, further, considering the comparatively large mass 

of  the larynx box, it seems rather plausible to assume that i ts  

mechanical inertia in combination with the coordinative demands 

on the muscles should impose restrictions on the velocity with 

which i t  can conveniently and accurately be moved. 

A further example is  this: In an accent l word F0 is phono- 

logically required to be low at  the beginning o f  the stressed vowel. 

If  the accent l word is  preceded in the sentence by a relatively 

high F 0 ,  a downward movement of  F0 i s  observed a t  the beginning o f ‘  

the accent l word sometimes extending into i ts  stressed vowel. 

The duration of  the consonant preceding the stressed vowel is found 

experimentally strongly to depend on the extent o f  the pitch drop 

through the beginning of  the accent l word. 

Finally, in order further to test the theory we have looked 

at the dispersion of the FO-values a t  various critical points and 

found that the standard deviations generally are extremely small, 

e.g.  2 . 6  Hz at the last peak of the gg segment in vita huset. 
We have several more examples o f  this kind. 

Obviously, the most important task must be to establish the 

critical FO-values at different points in time with greater cer- 

tainty. The perceptual tolerances that listeners have to devia- 

tions in the time—frequency domain should be investigated. We 
would also like to know what significance the exact shape o f  the 

F0 contour between the critical points have to a listener. As a 

matter of  fact ,  the question whether the entire F0 contour or 

only some fixed values at certain line—up points relative to supra- 

glottal articulations are the intended and, therefore, phonological- 

ly crucial ef fects produced by the speaker is  not yet completely 
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answered. Pilot experiments encourage us to believe that the 

latter hypothesis will prove to be true. This would mean, then, 

that a speaker i s  given a relatively large amount o f  freedom to 

choose ad hoc strategies for passing through the chain of  succes- 

sive cri t ical F0 points. I f  this is true, a reasonable assumption 

is that the way transitions are brought about is adapted to f i t  
some anatomical constraints on the larynx. Looking a t  our data 

we observe that the slopes o f  F0 r ises and falls are characterized 

by constancy rather than variation. 
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MOTOR CONTROL OF SPEECH GESTURES 

Summary o f  Moderator 's Introduction 

Speech production theory is currently faced with several ; 

c losely related and quite crucial issues which are well 
i l lustrated by the papers in this Symposium on Motor Control o f  
Speech Gestures.  

Perhaps central t o  these issues is  the growing impatience 
among many phoneticians with what they see as a constraint to  
bend or adapt physiological/mechanical " fac t "  from motor control 
research to  f i t  abstract linguistic constructs.  This issue has 
been discussed in detai l  by a number o f  authors ( e . g . ,  Moll ,  
et  a l . ,  1977; Fowler, e t  a l . ,  in press) and i t s  general importance 
is re f lected by the fac t  that i t  is  taken up not only a t  this 
motor control  symposium but in other papers (see MacNeilage‘s 
Status Report on Speech Production) and symposia at this IXth 
International Congress o f  Phonetic Sciences. Very br ie f ly ,  the 
issue may be summarized as fo l lows. Many investigators today 
contend that concepts which are relevant to  the motor control o f  
coordinated movements in general, whether from the walking 
movements o f  the hind leg o f  a ca t  or from arm movements about 
the elbow o f  a human being, are relevant also to  the understanding 
o f  the motor control o f  the articulators for speech. I t  is argued 
that concepts related to the fine motor control o f  non-speech 
behaviors can and should be incorporated into speech production/ 
motor control theory. In fac t ,  I suspect that most investigators 
would accept such an argument, at  least  up to  some specif ic point. 
That i s ,  while many would agree that much fine motor control data 
from non-speech and from non-human research is o f  importance to  

Speech production theory, they would also argue that in the end 
speech and language are distinctly human behaviors (although see 
MacNeilage’s Status Report at this congress) and that the motor 
control o f  those behaviors is  therefore unique, at least  in some 

respects .  For example, Bladon in his paper in this symposium, _ 
takes the view that "the physical facts of  phonetics are at their ü 
most interesting when they serve to  explain some aspect o f  

Phonology, to answer the question o f  why the sound systems o f  
languages are the way they a re . "  I t  is at  this point that the 

impatience o f  many phoneticians becomes most evident, when they 
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note that in virtually al l  physiological/mechanical experiments 
on motor control mechanisms, correlates o f  abstract linguistic 
segmental units are conspicuous via their absence. Such units 
have proven extremely dif f icult  to  quantify. Thus, the question 
ar ises:  should production theor ists develop their 222 units and 
concepts which a re  based on actual experimental observations o f  
motor control mechanisms in general and which are unbiased by 
notions and abstract  concepts borrowed from linguistic theory? 
In the consideration o f  this question, either expl ici t ly or 
implicitly, re lated questions and issues quickly ar ise.  For 
example, Turvey and his associates (see ,  e . g .  Fowler, e t  a l . ,  in 
p ress ,  for  a review) describe much o f  modern phonetics research 
in production theory as consisting o f  "translation theories" 
designed to  discover or elucidate the rules which could serve 
to  translate from abst ract  l inguistic units to  the more concrete 
neurophysiological/mechanical data o f  speech motor control 
research. Turvey 's  use o f  Action Theory (Bernstein, 1967;  Turvey, 
e t  a1. ,  1978) and his deveIOpment o f  the concept o f  "Coordinative 
Structures" represents an attempt to  avoid such translation 
theories while a t  the same time not r e j e c t  out o f  hand the use o f  
al l  traditional linguistic concepts.  The paper by Gay and Turvey 
in the present symposium provides some experimental consideration 
and discussion o f  the coordinative structures concept in speech 
motor control .  

By i ts  very nature, research in speech motor control ,  as 
exemplified by the reports in this symposium, is  integral to  
issues such as these. Sussman, for example, discusses single 
motor unit behaviors and the insights they provide to  temporal 
reorganization in coart iculat ion and to  such prosodic events as 
s t ress ,  thus suggesting a means to  provide "sensitive indicants 
o f  higher level linguistic conditions". Hirose provides data 
relevant to  relationships between electromyographic activity and 
subsequent articulator movement. As MacNeilage points out inlfls 
status report paper at this congress, issues such as these cause 
questions concerning the role o f  feedback or c losed loop control 
to  become crucial. Indeed, the majority o f  the papers in this 
symposium at least refer to  problems o f  feedback mechanisms while 
several Specif ically address themselves to  such problems. Bladon 
proposes a "coarticulation resistance compiler" which is "linked 
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ambidirectionally" to satel l i te units in the motor control system. 

Abbs suggests a preliminary "multi-level control model" to  account 

for observations o f  speech motor equivalence and compensatory 
articulation behaviors. Folkins also addresses the problem o f  
motor equivalence, "functional interchangeability o f  act ivi ty 
level in dif ferent muscles", and compensations for mechanical 
modifications o f  art iculator positioning. Perkell provides a 
discussion o f  recent compensatory articulation, or "bite-block", 
experimentation and thus the role o f  various sorts o f  feedback in 
speech motor control. He presents an example o f  the use o f  data 
from non-speech behaviors and in addition concludes that ideas 
such as those raised in motor control research are "c losely 
related to  questions about the nature o f  fundamental units which 
underlie the programming o f  Speech production." 

Thus, these papers on the Motor Control o f  Speech Gestures 
can be seen to  confront some basic and crucial issues in phonetic 
theory. Further discussion of  these and related issues is certain 
to  bring us closer to  an understanding o f  how i t  is that speech 
is generated and controlled. 
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SPEECH MOTOR EQUIVALENCE: THE NEED FOR A MULTI-LEVEL CONTROL MODEL 

James H .  Abbs, Speech Motor Control Labs. ,  University o f  Wisconshn 
1500 Highland A v e . ,  Madison, Wisconsin 5 3 7 0 6 ,  USA 

In the last  ten years i t  has become increasingly dif f icult  as i 

view the neuromotor execution of speech as a series of descending : 
motor commands, ref lect ing, in some direct manner, an underlying 

matrix o f  phonetic features. Rather, it 'appears that patterns o f  

speech muscle act iv i ty  may depend upon moment-to-moment peripheral 

conditions and adaptive modification o f  descending commands a t  i 

several nervous system levels. In the present paper I would like É 

to outline some current thoughts with regard to these speech motor . 

processes, including some data from our laboratory and a prel imimnyä 

model to account for  recent observations. i 

I f  one considers speech motor control teleologically, the admr 

tive modification and adjustment o f  descending speech motor commamk,§ 

based upon peripheral feedback, i s  quite appealing. For example, 

the orofacial system obviously serves the multiple functions of  

chewing, swallowing, and breathing, in addition to speech. Other 

less natural intrusions include cigarettes between the l ips, chew- 

ing tobacco, a pipe between the teeth, e tc .  Because many o f  theme 

activities can be performed simultaneously, without major inter- 

ference or conscious compensation, a nervous system capability fin 

on-line adaptive adjustment appears almost necessary. Such semi- 

automatic adaptation also seems likely in laryngeal and respiraflny 

control as well. Recent physiological investigations o f  the larmv 

geal and respiratory systems, as well as consideration of  their 

anatomy, indicate the profound influence that torso, head, and ann 

movements have upon the specific muscle contractions required for 
speech. Trained singers are quite aware o f  theSe influences. Emw- 

ever, for many speaking situations, we have l i t t le diff iculty 

sustaining continuous and intelligible speech concurrently with 

vigorous body movements. Observing a physical f itness teacher 
perform calisthenics and at the same time continuously cohort his 
or her pupils is an obvious example of  this phenomenon. A prefer- 

able observation might be a cheerleader a t  a U . S .  football game. 

In these and other similar cases,  e . g . ,  a vigorous university 

lecturer (an example suggested by Peter MacNeilage), one i s  im- 

pressed with our abil i ty to produce continuous speech without 

major interference. Possibly these multiple concurrent motor 
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programs could be generated and pre-adjusted in parallel, but such 

an organization seems contradictory to the obvious availability of  

multiple af ferent monitoring channels, documented differences in 

their nervous system origins, the principle o f  economy, and current 

information on normal and abnormal speech motor control. 

In part these observations can be explained by the provocative 

model of fered by MacNeilage ( 1 9 7 0 ) .  He suggested that speech motor 

commands are adjusted to assure that individual articulators reach 

semi-invariant target positions, despite a substantial degree o f  

variability in their starting posit ions. This kind o f  compensatory 

capability was referred to by Hebb ( 1 9 4 9 )  as motor equivalence, 

although Hebb's definition was not quite so restr ict ive. Since Mac- 

Nei lage's original paper, experimental observations have extended 

our appreciation of  the adjustment capabilities operating in the 

speech motor control system. These recent observations appear to 

require an expansion o f  MacNeilage's insightful model and support 

the operation o f  motor equivalence in i t s  most encompassing terms. 

Indirect Experimental Evidence 

The hypothesized operation o f  motor equivalence adjustments 

to descending speech motor commands implies a repetition—to—repe- 

tition flexibility in the way that a particular speech utterance 

is generated. Recent investigations support the operation o f  such 

flexibility both with regard to t rade-of fs between individual artic— 

ulators and between individual synergistic muscles acting to move 

the same articulator. For example, i t  has been shown that the upper 

lip, lower lip, and jaw trade o f f  reciprocally in their cooperative 

contributions to oral opening, v i z . ,  when the jaw had relatively 

large displacements the upper and lower lips had relatively small Ê 

displacements, and conversely (Abbs and Netsell, 1973; Hughes and " 
Abbs, 1976 ;  Watkin and Fromm, 1 9 7 8 ) .  Other investigators (Hase- 

Sawa et a l . ,  1976)  have reported lip and jaw reciprocity not only 

in regard to displacement, but for lip and jaw velocities as well. 

The trade—offs reported in these studies were observed for multiple 
repetitions o f  the same utterance where the net contributions o f  

the individual movements ( i . e . ,  total oral opening or net velocity 

of  closing) was relatively consistent.  Comparable analyses of  

Speech lung volume control i l lustrate a similar pattern o f  reci— 

procal trade—off between movements of  the abdomen and thorax in 
producing subglottal air pressures (Hixon e t  a l . ,  1 9 7 3 ) .  In our 
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laboratory we have found other patterns of articulatory trade-off, 
including reciprocal interactions between the tongue and jaw 

(Chuang and Abbs, In Progress) .1  

Not only do individual articulators appear to vary in their 

repetition-to-repetition contributions to a particular vocal tract 

object ive, individual muscles appear to vary reciprocally in their 

combined contributions to an individual articulatory movement as 

well. In a recent experiment (Abbs and Kennedy, In Preparation), 

we found a reciprocal trade-off  between the mentalis (MTL) and 

orbicularis oris inferior (OOI) muscles during repeated speech- 

related movements of  the lower lip. This is in repetitions where 

the magnitude o f  MTL—EMG was relatively small, the magnitude o f  

OOI-EMG was relatively large, and conversely. The flexibility of  

these adaptive speech motor command adjustments can be illustrated 

by considering this finding in relation to an earlier report by 

Sussman et  a1. (1973)  o f  a parallel reciprocal trade-off between 

MTL-EMG magnitude and jaw lowering. 

Overall these observations suggest that there may be several 

levels o f  programming and adjustment in the motor generation of  

speech. A t  some level, possibly corresponding to the phonetic 

feature input to the speech control system, overall vocal t ract  

goals must be specified. However, due to the contrast between (1) 

the relative consistency with which these overall vocal tract goahs 

are achieved, and ( 2 )  the variability of individual articulatory 

movements and muscle activity patterns, it would appear that these 

different output parameters are not programmed at the same levels 

of the nervous system. 
Some Direct Evidence 

The major issues with regard to this hypothesized motor con- 

trol process concern the levels o f  the nervous system at which.the 

adjustments might occur and the extent to which afferent feedback 

plays an important role. In attempts to more directly address 

these issues, several investigators have introduced unanticipated 

disturbances to the lips and jaw during ongoing speech (Bauer; 197M 

(1) These patterns are most apparent in phonetically naive speakers.E 
"Trained phoneticians" appear to produce speech, especially 

with regard to these reciprocal articulatory movements, quite dif- 
ferent from that of  normal speakers (o f .  Gay, 1976) .  
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Folkins and Abbs, 1975 ;  1976 ;  Kennedy, 1977;  Murphy and Abbs, In 

Progress). In these studies it was reasoned that if the nervous 
system sites where adaptive adjustments occurred were at "lower 

levels" ,  semi-automatic, short-latency compensations would prevent 

unanticipated disturbances from interfering with ongoing speech. 

In the 15 subjects run with this particular paradigm, there have 
been no cases o f  disruption to ongoing articulation. In those 

studies where the latency of  the compensations was discernible, i t  

ranged from 25—50 msec.  Compensatory responses have been observed 

in the muscles o f  the articulator to which the load was applied as 
well as  in other articulators contributing to the same vocal tract 

goal, i . e . ,  loads applied to the jaw yielded compensations in both 

the upper lip and lower lip musculature. The diffuse yet  functional 

nature of these multiple compensatory responses corroborates the 

earlier suggestion that individual articulators and individual 

muscles can be adjusted flexibly to achieve desired overall vocal 

tract objectives. Based upon these findings, it appears that lower 
levels o f  the nervous system may be plausible sites for the adaptive 

modification of  descending motor commands. Lower level sites for 

these adjustments are supported also by the observation that while 

the subjects in these studies perceived the articulator loading, 

they were unaware o f  generating the compensatory adjustments. 

A recent finding that might point to the possible origin of 
these compensatory adjustments is the observation that individuals 
with cerebellar disease and ataxic dysarthria are unable, without 
practice and conscious intervention, to adjust their lip movements 

td overcome experimental stabilization of  the jaw (Netsell et a l . ,  
In Preparation). Indeed, these patients report that many of  their 

speech movements must be “consciously controlled". Certainly, if 

one accepts Eccles'  (1973)  suggestion, the cerebellum, with i ts 

multiple afferent and efferent connections, would be a primary 
candidate for yielding the semi—automatic, unconscious adjustments 

apparently required for normal speech. Other yet lower level sites 

(2) In our experience, the major difficulty in these unanticipated 
disturbance studies is  discerning the peripheral manifestations 

of  the disturbance. That i s ,  while ongoing speech is seldom dis- 
rupted, the compensatory degrees o f  freedom are so great that one 
cannot always ascertain which muscles or movements were involved. 
This problem has apparently impeded some investigations using aero- 
dynamic disturbances (Perkell, 1976 ) .  
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might include areas in the brain stem where single point electrical 

stimulation yields very complex and semi-coordinated gestures o f  

the laryngeal, mast icatory, lingual, and facial  musculature (Lumflœi, 

Personal Communication). 

A Preliminary Model 

Figure l i s  a schematic attempt to represent the motor control 

processes warranted from the data cited above. 

LEVEL 
SPECIFICATION OF OVERALL VOCAL TRACT CONFIGURATIONS ONE 

'LEVEL 
|"... ‘" "' " THREE 

ËRÛGRAMMIWF OF lINDIVIÊUALÈ SPEECH MUS LE COËTRêCTIQNS 

FEEDBACK \ l l l l l l l l l  
| COMMANDS To INDIVIDUAL SPEECH MUSCLEs 

l‘...-_- ' MULTIPLE MUS'CLE CDNTRACTIONS 

AFFERENT 

\l/ \l/ \|/_ 
"— - _ --[J( MULTIPLEJSfPEECH MOVEMENTS _J 
' L I 
V.. .. .. .. RESULTANT VOCAL TRACT SHAPES 

Figure l 

A multi- level model o f  the speech motor programming process- 
Solid lines represent descending control signals and dashed 
lines afferent feedback information. Dashed lines between 
levels o f  programming represent the ascending components o f  
internal feedback pathways. 

' 
| — .- - _ BACK ORAL LEVEL 
I , - .. .. . ) -  CAVITY OPENING TWO 

PROGRAMMINQ OF INDIVIDUAL ARTICULATORY “MOVEMENTS g 
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This model posits three levels o f  speech motor programming. At the & 

highest level, overall vocal tract goals are specified, perhaps È 

corresponding to some matrix o f  phonetic features. At the least ,  à 

these goals represent the temporal-spatial configurations necessary I 

for appropriate modulation o f  aerodynamic and acoustic signals. 

The second level o f  programming i s  involved in determining the par— 

ticular set of  individual movements that are to be employed in 

achieving the desired vocal t ract  goals.  The third and final level ‘ 

o f  programming is concerned with specifying the individual muscle I 

contraction patterns necessary to the generation of  individual artic- 

ulatory movements. These two lower levels o f  programming are based 

upon the observations (cited earl ier)  that (1) individual articu- 

latory movements are not invariant with regard to particular vocal 

tract goals, i . e . ,  repetitions o f  the same speech element, even i f  

acoustically and perceptually similar, are produced o f ten  by d i f -  

ferent combinations o f  articulatory movements, and ( 2 )  individual 

muscle contractions are not invariant with regard to particular 

articulatory movements, i . e . ,  repetit ions o f  an articulatory move- 

ment are produced by d i f ferent  combinations o f  individual muscle 

contractions. As shown in Figure 1, i t  i s  posited also that the 

programming/adjustment o f  descending motor commands is accomplished 

with the aid of  af ferent feedback. This feature o f  the model is 

based upon the observations o f  compensatory responses to unanti— 

cipated articulator loading. That i s ,  while i t  i s  plausible to 

consider parallel pre-adjustment o f  multiple motor commands (through 

some sort of efferent c0py) ,  in response to-steady-state, antici— 
pated disturbances (Lindblom e t  a l . ,  In P r e s s ) ,  rapid adjustments 

to dynamic, unanticipated loads appear to require an afferent 

feedback control capability. 

I t  i s  apparent from this representation that the model pre- 

viously offered by MacNeilage does not account for all the motor 
command adjustments that apparently are accomplished by the speech 
motor execution system. That i s ,  the adjustments to descending 

motor commands, at least as evidenced by the data cited above, ob- 

viously involve more than compensations for variations in individual 
articulator starting positions. Indeed, i t  appears that the primary 

controlled output parameters o f  the speech production system are 
not individual articulatory movements, but a series o f  overall 
vocal tract configurations. This model has other implications as 
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wel l .  For example, analyses o f  individual articulatory movements 

or muscle contractions in relation to underlying phonetic features 

appear to be based upon the assumption that there is  but a single 

level of  speech motor programming. However, with multiple levels 

o f  adjustment, there is  some question as to  whether individual 

muscle contractions or articulatory movements are related, except 

in a probabilistic manner, to overall vocal t ract  phonetic features. 

I f  such a direct relationship ex is ts ,  i t  may be necessary to hypo- 

thesize d i f ferent  features or to reallocate the current features, 

at least in part ,  to lower levels o f  the nervous system. 
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MOTOR CONTROL OF COARTICULATION: LINGUISTIC CONSIDERATIONS 

R . A . W .  Bladon, Department o f  Linguistics, University College 

of  North Wales, Bangor, U .K .  

Various orientations to the motor control o f  speech 

An orientation advocated recently by Moll, Zimmermann and 
Smith (1977) calls for priority to be given, in research on speech 

motor control, to exclusively neurophysiologically-based studies. 

The need i s ,  they argue, to determine the properties of  the human 

neuromotor system based on investigations of movement, muscle con- 

traction and motor unit activity, freed from any constraints or 

a priori constructs imposed by linguistic considerations. Any 

processes or units of  neuromotor coding which such enquiry were to 

establish might or might not subsequently turn out to correlate 

with linguistic units such as the phone, the feature or the syl- 
lable. 

Without wishing to deny that the approach o f  Moll et  a l .  has 

value, we pr0pose to o f fe r  to this symposium the opposite orienta- 

tion, wherein aspects of the descriptive linguistic apparatus are 

of  prime importance. This decision ref lects partly the conviction 

of a linguistic phonetician that the physical facts o f  phonetics 

are at their most interesting when they serve to explain some 

aspects o f  phonology, to answer the question why the sound systems 
of  human languages are the way they are. The decision is  also 

derived from the evidence that a wide range o f  phenomena of  coartic- 

ulation are not obviously explainable (as yet, at least) in terms 
of the neuromotor system-such as motor unit activity or articulatory 
velocity and inertia, but are referable to linguistically-defined 

entities which they thereby can validate. 

In addition, many models of  the speech production processes 

seem to occupy the middle ground between these two extreme posi- 

tions. Among the proposals which might be grouped together here 
are those of  Kozhevnikov and Chistovich (1965),  Henke (1966) ,  
MacNeilage ( 1 9 7 0 ) ,  Gay (1977a) and Perkell ( 1 9 7 7 ) .  In very general 

terms, these models are of a basic “wedding—cake" form such as 
Figure 1: that i s ,  they are arranged sequentially as tiered boxes, 

with a distinct top and bottom corresponding to mechanisms associ- 
ated respectively with more central cortical functions and with 

more Peripheral ones. The number o f  tiers, and the content of 
each one, is stylised and is not meant to be attributed specifically 
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phonetic 
string 

look—ahead 
scanner 

I 
motor system 

control 

motor system 
commands 

I 
muscle 

innervation 

‘ VT configurations I 

[ acoustic signal J 

' Figure 1 

Typical "wedding-cake" struc— 
ture of  some speech production 
models 

to any author. Varying types of  

feedback between tiers are postu— 

lated, but not shown in the figure, 

A possible objection to the seqnm- 

tial arrangement is that, whi lerm 

doubt well motivated for the hmmst 

t iers representing the transductum 

of speech between various fairly 

accessible transmission channels, 

such an arrangement is more specw— 

lative as a claim about the hmflmr 

levels of  the central nervous sys- 

tem. É 

The “wedding—cake" models % 

share with our own orientation : 

(and in contrast to Moll et a lJ  

an interest in the linguistic na- 

ture of the input, which they 

normally state to be a string of  

discrete phonological units. 

By contrast with the claims 

implied by Figure 1, however, our 

conception of  the "upstream“ pro- 

cesses feeding data to the motor 

control system for coarticulation is organised not in a unidirec- 

tional, tiered fashion, but a s  a set o f  satell ites (many repre- 

senting linguistic factors) linked ambidirectionally to a nuclear 

body, the CR (Coarticulation Resistance) compiler. The following 

formulation is a brief summary o f  this theoretical position. 

Justification of  i t ,  o f  an organisation which reduces the emphashi 

on the supposed sequential nature of  the speech processors and 

which minimises the "more central/less central" distinction, and 

of the particular components recognised in the model, has been 

given elsewhere (Bladon and Al-Bamerni, 1976; Bladon, 1978)- 
Information relevant to the direction and domain of  coartic- 

ulatory ef fects  seems to derive from a wide variety of  satellite 

sources,_some quasi—universal (such.as the boundary o f  an intona- 

tion-group, which is widely observed to impede the temporal spremi 

of coarticulated features), some language-specific (such as the 
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report by Ladefoged (1967) that while French and English both show 

a /k/ coarticulatorily advanced before an / i /  vowel, only French 

shows the similar e f fec t  af ter  / i / ) ,  and some speaker-sensitive. 

Our discussions of  these factors have led Kent and Minifie (1977, 
120) to wr i te :  "Perhaps the solution to coarticulation is as  com- 

plex as this multiplicity of  factors suggests, but . . .  (they) re— 

present the contributions of many unknown, or poorly known e f fec ts " .  
This comment is  valid; but it i s  not a criticism of  our position. 

It seems to be inescapable that the control o f  coarticulation in 
speech is indeed governed by a multiplicity of  factors. 

With a view to integrating these disparate factors in a theory, 

let us initially postulate the notion of  coarticulation resistance 

(CR) as  the central principle o f  articulatory control. The speech 

production mechanism is hypothesiSed to have continuous access to 

CR information, which can be considered to attach to each allo- 

phone and phonetic boundary. I t  i s  important to realise why an 

initial CR specification is tabulated for each a110phone. A classic 

demonstration of this is afforded by the RP English /1/ allophones, 
of  which dark syllabic [ ? ]  ( ' f i d d l e ' )  is highly resistant to co- 
articulation, dark nonsyllabic [ + ]  ( ' f e e l ' )  is somewhat less so, 
and clear nonsyllabic [ I ]  ( ' l e a f ' )  is very much less resistant. 
We are aware of no explanation of this behaviour in any terms, 
linguistical or neurophysiological: the idiosyncrasies can only be 

handled by assuming something like an a110phone~specific assign— 

ment o f  a CR value. This numerical value is re-computed at a 

level o f  articulatory planning by the CR compiler to take account 
of the wide range o f  relevant coarticulatory constraints. 

In what follows we presuppose a phonological apparatus broadly 
of  the kind of Chomsky and Halle ( 1 9 6 8 ) .  Within their phonological 
component, various kinds of  linguistic construct will be examined, 
in conjunction with the control mechanisms related to them. 
Phonological constructs related to units o f  articulatory planning 

Many early coarticulation studies hoped to identify a single 
determinant regulating the control of the domain of coarticulatory 
e f fec ts :  an invariant unit o f  production which would have a lin- 
guistic counterpart, such a s  the phone, syllable or phonetic 
feature. The hope was a vain one. The weight o f  evidence now 
available suggests that the coarticulatory control mechanism is 
sensitive not to any one invariant unit alone but, at different 
times, to (at  least) all those three. 
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The phonetic feature is  a t  the basis o f  coarticulation thqf 

in that typical cases o f  coarticulation arise by definition from 

the asynchrony o f  events associated with dif ferent articulators. 

This is reflected phonetically in the temporal spreading o f  a:&m- 

ture. It is true that the Speech control mechanism can be highly 

sensitive to the feature being coarticulated. Thus, for example, 

i t  has been shown that English /s /  occurring in CCC clusters blodœ 

the spread of  anticipatory jaw—opening before /æ/ (Amerman, Dani- 

l o f f  and Moll, 1 9 7 0 ) ;  and that / s /  resists any sh i f t  in i t s  tongmr 

bladeness (towards a tip articulation) adjacent to / t  d n L / ( B l a -  

don and Nolan, 1 9 7 7 ) ;  but that this resistance to coarticulate is 

specific to the coarticulated feature in question, because /s /  

freely allows coarticulated labialisation anticipating an /u/ vmæl 

(Daniloff and Moll, 1 9 6 8 ) .  I t  is equally true that to propose üœ 

feature as the sole unit of  coarticulatory control would be unab- 

tractive, as i t  would not account for.examp1e for  British Engliflï 

clear [ I ] ,  which is quite free in i ts coarticulation in respect 

o f  any o f  the features vowel-quality, lateral-quality and voice- 

lessness indiscriminately (Bladon and Al-Bamerni, 1 9 7 6 ) .  

Numerous c a s e s ,  such as the last-mentioned, argue for the 

phoneme (or perhaps better, the extrinsic allophone) as the unit 

of  articulatory planning. Two further examples may be mentioned. 

In Italian, intervocalic consonants demonstrate an equal degree tfi  

coarticulated tongue—body movement with both a preceding and a 

following vowel, thus irrespective of  syllable boundaries. In 

French, the anticipatory spread o f  velum lowering before a nasal: 

as  revealed by EMG, is  over a limited domain within a string of 

preceding oral vowels (Bladon and Carbonaro, 1978 ;  Benguerel e t a l u  

1977) .  Such arguments for the allophone-sized unit tend, howeven 

to be o f  a "default" kind, postulated whenever coart iculatflXIfaflfi  

to coincide with syllable boundaries in some sense. Generalishm 

the allophone, in the interests of  pr0posing an invariant un i t , t0  

cases which the syllable could have successfully delimited, has 

led to an overall too weak hypothesis concerning coarticulatory 

domain, such as that of Henke's model (1966 ) ,  which predicted co- 

articulatory activity whenever a segment showed no antagonistic 

specification. Our model avoids this problem by two expedients= 

f i rs t ,  by a segment—specific index of  CR (referred to earlier) 

which inhibits coarticulatory spread in appropriate circumstæuæs: 

and second, by recognising a plurality o f  articulatorily-relevant 
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units which will include the syllable as required. 

The phonological syl lable, neglected by Chomsky and Hal le, 

has since 1968 enjoyed a revival.  Syllable—structure rules in 

phonology would define the syllable d i f ferent ly  for dif ferent lan- 

guages; nevertheless, the structure CV has a claim to universal 
preference in that ,  f i r s t ,  there appear to be no languages without 

CV syllables, second, several languages have syllables o f  only the 

CV type, and third, CV i s  the at tes ted structure in early language 

acquisition. We profoundly disagree,  therefore, with G a y ' s  opinion 

(1977a) that Kozhevnikov and Chis tov ich 's  notion of  an articulatory 

syllable of  the form COV (where Co stands for any number o f  con- 
sonants) is "an unnatural and counterintuitive syllable that bears 
no simple correspondence to common linguistic or phonetic units." 
Within their articulatory syl lable, i t  wi l l  be recalled, coarticula- 

tion was hypothesised to be maximal. A great deal o f  evidence-sup- 

ports this hypothesis, notably the 1abialization o f  a string o f  C 

before /u/ in Russian (Kozhevnikov and Chistovich, 1 9 6 5 ) ,  in English 
(Daniloff and Moll, 1968) and in French (Benguerel and Cowan, 1 9 7 4 ) ;  

and also the finding (Bladon, 1977 )  that even the relatively weaker 

lip-rounding accompanying English / r /  extended leftwards to the same 
COV boundary. 
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Other substantive constructs in phonology 

Explanation o f  the control o f  coarticulatory behaviour in VC 

positions has remained elusive. Relevant data here include the 

anticipatory nasalisation o f  English vowels before nasals (Moll and 

Daniloff, 1971) ;  American English / r /  which coarticulates with ad- 

jacent vowel quality more readily in the final position than in the 

initial CV position (Lehiste, 1 9 6 4 ) ;  o r ,  in VCC sequences, the con- 

sonantal influence upon tongue apex position in V (Amerman and 

Daniloff, 1 9 7 7 ) .  Current phonological theory suggests an explana- 

tion in terms of  the phonological strength hierarchy. Based on a 
variety o f  evidence including sound-change, phonological segments, 

sequences and positions in the word are assigned a degree of  phono- 

lo9’ica1 strength. VC positions are weak, since they show more 

phonological assimilations and el isions. It is reasonable to sug— 

gest that the coarticulatory control mechanism is sensitive to 
this, as to other linguistic properties. 

A second such property is the lexical representation of  the 
inventory o f  phonological items in a language. The degree to which 
a lateral, for instance, undergoes vowel-quality'coarticulation 
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varies according to the number of laterals in a language's phono- 
logical system: in our data, Ir ish, with three laterals to be kept 

distinct, shows very l ittle quality coarticulation in comparison 

with American English, with only one (but highly coarticulated) 

lateral; Swedish or Italian, with two laterals each, fa l l  in be- 

tween with respect to coarticulation. The need in such cases to 

'maintain phonemic distinctions (short o f  the point o f  incipient 

sound change and phonemic restructuring) has widely been held to 

place an upper bound on the extent o f  coarticulatory behaviour. 

The principle appeared to make the wrong predictions in the data 

o f  Benguerel and Cowan ( 1 9 7 4 ) ,  however, who found that lip protru— 

sion anticipating French /u/ could sometimes extend transconsonan- 

tally into the preceding vowel, despite the apparent threat to the 
lexical contrast / i  — y /  in French. 

I t  seems certain that rapid-speech variations are subject to 

a degree o f  coarticulatory control. Gay (1977b) showed that at a 

fast  speaking rate a vowel F 2  transition ef fect ively begins a t  a 

point o f  greater overlap with the preceding consonant than at a 

normal speaking ra te .  Rapid or casual speech variants are coming 

-under  scrutiny by phonologists in order to validate their sub- 

stantive hypotheses of  rule ordering. In the derivation o f  the 

(ultimate?) rapid—speech form [ d a . v € §  'divinity',  Stampe (1972) 
demonstrates fairly convincingly that phonological processes do 

not apply in a linear order, but whenever the configurations they 

would eliminate ar ise.  Among the processes concerned is the co- 

articulatory one of  intra-syllable vowel nasalization, which re- 

applies three times, as successively.more rapid forms are derived. 

This cyclic manner o f  application has important implications for 

the Operational design o f  the motor control component of  the speech 

production processes, and strongly supports the notion of  ambi- 

directional, on-line exchange of  information between the CR com- 

piler (or i ts equivalent) and the linguistic rule system. 
The testing o f  these various elements of  the coarticulatory 

model by predicting from them onto new data, turns out to be partly 

successfu l , ‘but ,  as  has been demonstrated for several cases,  partly 

unsuccessful. Apparently, no one linguistically-related mechanism 

will explain all or even a majority of observed coarticulatory be- 
haviour. How to assign a weighting to the separate contribution 

of  each mechanism, and indeed how many such mechanisms there are, 

remain research questions for the future. 
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SEGMENTAL INVARIANCE RECONSIDERED 

R .G .  Dani lo f f ,  Purdue University, W.  Lafayette, Indiana, USA 

M . A . A .  Tatham, Languages and Linguistics, University o f  Essex, 

Colchester, UK 

Stop consonant articulation is context sensitive, Fromkin 

( 1 9 6 6 ) .  Such context sensitivity, often related to coarticulatimh 
is taken as support for complex, high Level "encoding", Kozhevnfluw 
and Chistovich (1965 ) .  The duration and force of  labial closure 
have been variously shown to  be context sensitive to (1) syllable 

position, ( 2 )  voicing, ( 3 )  stress and ( 4 )  vocalic context. We 

concluded that previous cinefluorographic, electromyographic, and 

palatographic studies may have overestimated the extent o f  context 

sensitivity by fai lure to control for tempo, speech e f f o r t ,  task 

learning, and sentential context. The purpose o f  the study re- 

ported herein was to reassess the context sensitivity o f  the EMG 

impulse associated with labial—stop closure. 

Procedures 

4 adults served as subjects.  Each was required to repeat 

previously tape recorded sentences as he heard them over earphonmh 

The tape recorded sentences were carefully controlled for constant 

tempo, stress levels, and good phonetic quality. Speech tokens 

consisted o f  a l l  combinations o f  CXVC, CVCX, CxVCX, 'VCV, and 

V'CV tokens, C)( = [ p , b ] ,  C = [ d ] ,  V = [ i , u , A ] .  CVC items were 
spoken in the sentence, "He' l l  spoof the [CVC] again", and VCV 
items in, "Smell this poof of  [ V C V ]  again", such that each token 

received primary, sentence level stress. Subjects visually moni-' 

tored their vocal output as they spoke, keeping it at 6 0 - 6 5  dB. 

SPL. Each subject practiced the task of  repeating the tape re- 

corded sentences with as  controlled a tempo, vocal output, and 
desired stress level as possible. 

Bipolar silver disc surface electrodes on the upper lip serWfl 

to detect the EMG pulse on the orbicularis oris for the lip closhfl 

gesture for [ p , b ] .  The EMG and Raw Voice signals were recorded; 
rectified, and integrated, and on a single, 5 channel mingograPh 
output, raw/integrated EMG, voice, and timing signals were dis- 

played. The upper lip—surface electrode array was chosen because: 

(1) the upper lip is accessible, ( 2 )  labial surface EMG signals 

are quite interpretable-reproducible, ( 3 )  myo— and biomechanicallY 
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the lip in i ts closing gesture is a simple system, ( 4 )  the labial 

closure gesture has been extensively studied, (5)  surface elec- 

trodes potentially yield a better estimate of whole-muscle activity 

than do needle/hooked wire electrodes, (6)  labial closure is re— 
putedly context sensitive. 

Subjects received extensive practice beforehand; subjects who 
could not relax the lips to nearly zero-baseline EMG activity be- 

tween utterances were re jec ted.  Each o f  4 0  tokens was repeated 

26 times for a total o f  1040 repeated, randomized sentences spoken 

at one sitting, with pauses every 10 minutes for relaxation. 

The results of the study are based upon 4 criterion measures: 

the peak amplitude of the EMG pulse for lip closure, the duration 

of  the EMG pulse, the delay between EMG onset and acoustic burst 

release, and the delay between peak EMG level and burst release. 

Data were analyzed using 3 way ANOVAs, with a conservative a S 0.1.  

The concise results are shown in the table below. Interpretation 

of the results is based upon the following assumptions: lip closure 

for steps is mediated primarily by orbicularis oris contraction 
(00). M.0.0. force of contraction and the height of the inte— 
grated EMG signal are linearly, i f  not monotonically related. If 
one of the particular aspects of  context-sensitivity being investi- 

gated were a part o f  speakers' linguistic competence, i t  was our 

expectation that a l l  3 Speakers should show a statistically signif- 

icant and similar shift in the labial closure criterion measure 
associated with that aspect of context since by our estimate, 25 
repetitions of  each token of fered a firm basis for statistical 

inference. 

The peak EMG amplitude measure presumably relates directly to 

nmximum force of  M.0 .0 .  contraction. As shown, in every case, one 

or more subjects for one or more tokens showed a non-significant 

Change in EMG peak amplitude: and in f ac t ,  for all 4 contextual 
ef fects :  voicing, syllable position, vowel, stress - at least one 

subject showed a reversal of trend, with differences in EMG peak 
being just opposite those shown for 2 or 3 o f  the subjects. Thus, 

there is only a modest trend for voiceless steps in /i/ context to 
be mOdestly more ef for t fu l ,  muscularly. Stress and syllable posi- 

tion had no consistent effect upon peak EMG amplitude. Duration 
Of the EMG pulse revealed a strong dependence upon context such 
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that voiceless stops were longer than voiced, initial stops were 

longer than syllable final steps, and pre—stress-position stops 

were longer than post-st ress stops. In all three cases ,  tokens 

for one subject fa i led to achieve significance. In addition, for 

the voicing e f f e c t ,  one sub jec t ' s  voiced steps were significantly 

longer than his voiceless tokens. For the time delay between EMG 

onset and burst re lease,  the e f f ec t  o f  syllable position was fair- 

ly strong in that a l l  initial stops began earlier and, in 6 of  8 

cases, the dif ference was significant. For voicing, there was a 

modestly strong trend for voiceless stops to begin earlier, in 11 

of 12 cases,  with 10 o f  the 12 cases being significantly greater. 

Stress had a strong e f f e c t  in that the pre-stress stop began ear- 

lier fer all 4 subjects ,  significantly so in 3 o f  4 cases.  Vowels È 

had no consistent e f f e c t  upon delay. The peak EMG te acoustic J 

release temporal delay measure shows a weak dependence upon voic- 

ing; the e f f ec t  o f  the vowel upon delay was weak and inconsistent. 

The e f fec t  of  s t ress upon this measure was only moderate in that 

for all Subjects, pre—stress stops had earlier occurring peaks, 

but these dif ferences were significant in only two o f  four sub— 

jects. The e f f e c t  o f  position upon this delay measure was moder— 

ately strong in that in all 8 cases,  syllable initial vowels had 

earlier occurring EMG peaks, and in 6 of 8 cases, the differences 
were significant. 
Conclusions 

Contrary to the work o f  Fromkin, syllable final stops were 

Shorter in all cases ,  significantly so in 6/8 cases,  than initial 

Stops. Syllable position had no consistent e f f ec t  upon the amount 

of muscle activity for closure, but initial steps began earlier, 
Vis—à—vis onset or peak o f  EMG and burst release, in all cases, 
and significantly earlier in 12 of  16 cases.  Thus, syllable 
initial stops are generally longer and earlier in onset, but Egg 
muscularly more ef for t fu l .  Vowel context ef fects were enigmatic- 
It was expected that one would have earlier and stronger EMG 

Pulses for [ l ]  than for [ A ]  than for [ u ] .  This was not the case; 
in the majority o f  cases,  vowel context had non-significant ef fects  _ 

on most EMG measures, and even when significant, the direction of  . 
the trend varied from subject to subject. Stress was potent as a 

factor such that pre-stressed stops began earlier in all cases, 

Significantly so in 5 of  8 cases, and in 3 of 4 cases, the EMG 
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Öfi Method 
l 
' Hooked—wire electrodes were used to record EMG from masseter, 

temporalis, and medial pterygoid in four normal adults. Jaw move— 

, ment was transduced with a strain gauge technique. Each subject 

produced three to six repetitions of  11 isolated syllables, seven ‘ 
syllables in a carrier phrase, trains of syllables at various 
ratesIr and the rainbow passage. The limitations on the length of 

this paper preclude adequate description of  experimental methods; 
however, a full report o f  this research will be ready for publica- 

13 tion soon. ‘ 
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„ Results and Discussion 
Figure 1 shows a typical example of  EMG activity during the 

first sentence o f  the rainbow passage. Medial pterygoid was the 
most active muscle, not only in this example, but for all four 

'E subjects in almost all speech tasks. This example is typical as 
5" medial pterygoid tends to be: 1) moderately active throughout 

the utterance, 2) most active in relation to jaw closing, and 
3 )  reduced during jaw Opening. In Figure l masseter and tempo- 

ralis were slightly active, but in many instances they were quiet 
throughout the speech sample. When masseter and temporalis _ 
were a c t i v e , _ i t  tended to be during jaw-closing movements o f  
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large displacement or velocity. 

Even though one might hope medial pterygoid activity would 
increase when the jaw moves further or faster,  this is not neces- 
sarily the case due to the nonlinear relations between EMG and 
muscle force (Bigland and Lippold, 1 9 5 4 ) ,  and the difficulty in 
relating jaw-closing forces to parameters o f  jaw movement. As 
illustrated for isolated VCs by one subject in Figure 2 ,  medial 
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pterygoid EMG did not increase as a function of displacement. In 
fact,  for the four subjects half the correlations between peak 
medial pterygoid EMG and displacement (0.15, —0.25, —0.37‚ and 
-0.17) and peak velocity ( 0 . 5 3 ,  0 . 2 3 ,  — 0 . 3 2 ,  
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and 0 .14 )  were nega- 
tive. I f  one assumes that more muscle force 
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is required to in- 
crease jaw—closing displacement or velocity, then either this is 
not reflected in our EMG measurements or is produced by muscles 
other than medial pterygoid. Figure 2 also shows that for iso- 
lated VCs temporalis became more active for larger displacements 
(r = 0 . 6 6 ) .  Three of  the four subjects tended to increase 
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an? . man. m o  
o e m u  

..- . Figure 2 .  Scatterplot o f  peak 
° . . .  .: EMG and jaw—closing displacement 

„ „ . „_  . :  ‚ ° ,  , for isolated VCS by subject 4.  
° " ' The dashed line is a linear 

° °  ° _. regression through the tempo- 
„ -  :'§r%”’" ralis points. Masseter was 

° ‚li-”352? zero for all syllables. 
r—fi—w—fi—w—‘l 

temporalis activity for larger (or faster) jaw-closing movements. 
The other subject tended to use masseter rather than temporalis. 

A notable aspect of  Figure 2 is the spread in EMG values for 
movements with similar displacements. Variability is especially 
evident in repeated syllables with matched displacement and 
velocity. For example, the subject in Figure 2 repeated [ p æ ]  
24 times in rapid succession. Closing displacement was consis- 
tent as one standard deviation was only 16% o f  the average dis— 
placement. One standard deviation of  peak velocity was only 14% 
o f  average. Mean medial pterygoid activity was 1.05 mv; however, 
it showed a standard deviation of 43%. Masseter averaged 2.15 mv 
with a standard deviation of 81%. This i s  surprising as masseter 
was quiet throughout the isolated syllables for this subject even 

though the repeated syllables were well within the range of dis- 

placements and velocities for isolated syllables. Variability was 
evident for most situations, but occasionally subjects were con- 
sistent. For example, on the left o f  Figure 3 one standard 
deviation of peak medial pterygoid EMG is only 10% of the mean. 

In summary, medial pterygoid is consistently more active 

than masseter and temporalis. However, within this general dis- 
tinction there appears to be a large amount o f  utterance-to- 

utterance variability in the way these muscles are employed. 
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Experiment Two 

Introduction 
A number of papers have illustrated the abilities of  the 

speech motor control system to compensate for mechanical modifica— 

tions in movement o f  the jaw (Folkins and Abbs, 1975;  Lindblom, 

Lubker, and Gay, in p ress) .  Both Lindblom et  al. and Perkell 
(1979) suggest that speech motor systems produce appropriate ges- 
tures in spite of  perturbing factors by employing central stimula— 
tion strategies. For example, when one speaks with a bite block, 

a central movement plan adjusts the roles of  many articulators 
for the lack of  jaw movement. As the jaw is fixed with the bite 
block one might also expect the central movement plan to eliminate 

”unnecessary" jaw-closing muscle activity. The purpose of  this 
experiment was to record EMG from the jaw-closing muscles with a 
bite block in place and see if there is a reorganization of  
muscle activity. 

Method 
This experiment was carried out in the same experimental ses— 

sions, with the same electrode placements as experiment one. 

After producing the speech sample with the jaw free to move, the 
sample was repeated with the jaw fixed with a bite block. Bite 
blocks providing both 5 mm and 15 mm of interincisor distance 
were employed. 

Results and Discussion 
With both sizes of bite blocks there were consistent bursts 

of EMG activity which related closely to the temporal patterns of 
EMG found in each muscle during the jaw free condition. This is 
illustrated in Figure 3 for medial pterygoid as [ p æ ]  was repeated 
at a fast rate. 

As the mandible is not moving, it is not clear why the 

Phasic jaw muscle activity persists with the bite block. A com— 

Plete central reorganization would be expected to remove unneces- 

sary muscle activity. As an alternative, i t  may be that the 

PhaSic jaw muscle activity is involved in the organization of 
other articulatory movements occurring with the bite blocks. 
That i s ,  peripheral motor control mechanisms (including brainstem 

reflexes; McClean, Folkins, and Larson, in press) may be important 
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JA“ NORMAL JAW HXED 

“”39. 
AUDIO 200 H muc 

JAW 
DISPLACEMENT I 

__ __ 5mm 

MEDIAL 
PTERYGO' D 

W m  I… 
Figure 3 .  Rectified and smoothed (20  msec TC) EMG 
for [ p æ ]  repeated at a fast rate by subject 1. 

components in the processes which accomplish appropriate speech 
movements with and without mechanical interferences. 
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EFFECTS OF EFFERENT AND AFFERENT INTERFERENCE ON SPEECH PRODUCTImh 

IMPLICATIONS FOR A GENERATIVE THEORY OF SPEECH MOTOR CONTROL 

Thomas Gay and Michael Turvey, Haskins Laboratories, New Haven, 

Connecticut, U . S . A .  

One might claim that speech production proceeds in open-loop 

fashion: for a given speech sound a motor program prescribes a 

standard set of  instructions to the musculature. Against this 

claim, however, i s  the fact that the backdrop of articulatory 

states into which the standard instructions would be inserted is 

itself not standardized. The initial conditions (or contexts) for 

the articulatory gestures yielding a given speech sound vary con- 

siderably ( c f .  MacNeilage, 1 9 7 0 ) .  This is  a most notable feature 

of  speakers: within reasonable limits they are capable of  produchm 

the necessary configurations of  articulatory maneuvers for the 

sounds of  speech even though the departure points for those con- 

figurations are ever-varying. Moreover, i t  appears that the con- 

figuration of gestures underlying a desired speech sound can be 

generated with virtually no experimentation and without the bene- 

f it of auditory monitoring. Lindblom and his co—workers (Lindblmu 
e t  a l . ,  1978) have shown that speakers f i t ted with bite blocks c 

produce isolated voWels within the range of variability for normal 

vowel production, and that satisfactory formant matching occurscm 

the f irst pitch pulse o f  the f i rs t  attempt. 

Clearly, the adaptive, generative nature of articulation is 

not captured by the notion o f  open—100p control. Consequently: 

speech investigators have turned to the claim that the control of  

speech is closed-loop. In closed-loop explanations, a sensory 

referent is proposed that relates either to the environmental goal 

of the articulatory gestures, such as a spatial target or an 
acoustic pattern, or to  the movement-producing commands. (The 

interpretation of  sensory referent as a spatial target is currenth? 
the more popular interpretation.) The comparison of sensory feed- 
back with the sensory referent yields an error signal that provflhs 

the basis for adjusting the lower level motor mechanism(s) re- 
sponsible for controlling the referent. Over successive compari' 
sons an increasingly closer match between the feedback sensory 
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While a closed—loop mechanism can, in principle, adjust motor 
instructions to variable initial conditions to attain the referent, 
it is not immediately obvious how a feedback mechanism that gradua1—~ 
il approaches a desired result could underly the immediate adjust- 
ment to context evidenced in everyday speaking and underlined by 
the phenomenon reported by Lindblom and his colleagues. What is 
needed is  a mechanism that:  (1) can produce the appropriate ar- 
ticulatory gestures in the face of  variable and often novel initial 
conditions, and (2 )  can do so without trial and error. 

On f i rs t  thought, these two criteria are met by model-refer- 
enced control. Here, the closed-loop mechanism tied to the periph- 
eral speech apparatus is  modeled centrally so that motor commands 
and their sensory consequences can be simulated for the current 
conditions o f  the peripheral speech apparatus. The simulated motor 
commands that result in a match between the simulated sensory feed- 
back and the sensory referent are then realized as actual motor 
commands. In principle, the predictive simulation of model-refer- 
enced control could underly the immediate readjustment phenomenon 
(Lindblom et  a l . ,  1 9 7 8 ) .  There is ,—however ,  a potentially serious 
drawback to any closed-loop explanation: While an error signal can 
index how near the collective action o f  a number of  muscles is to 
the desired consequence, it does not prescribe in any straightfor- 
ward way how the individual muscles are to be adjusted to give a 
closer approximation to the referent (Fowler and Turvey, in p ress ) .  

There is another mechanism, very different from closed-loop 
control, that meets the two criteria noted above. The rational- 
ization and evidence for this mechanism — referred to as a coor- 
dinative structure — has been presented elsewhere in some detail 
(Fowler, 1977: Fowler, Rubin, Remez and Turvey, in press; Turvey, 
Shaw and Mace, in p ress ) .  A rough sketch must suff ice for current 
Purposes. 

Consider a set of several (relatively) independent muscles. 

A5 an aggregate, the muscles would exhibit a large number o f  de- 
grees of  freedom and would rely on a source external to them- 
selves for their control. The number of  degrees o f  freedom can 
effectively be reduced by functionally linking the muscles so that 
they mutually determine one another's states in a systematic 
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an aggregate of  relatively independent muscles into a single 
autonomous unit, may be conceived o f  as equations-of—constraint 

wr i t ten,  a s  it were, on the ascending and descending neural path- 

ways. 
To identify some important features o f  this latter system, 

let us compare it with closed-100p control in relation to the 
problem o f  uttering a vowel under conditions of ef ferent and 

afferent interference. In the closed—loop perspective, to produce 

a given vowel is to specify a particular spatial target a s  refermua 

In the coordinative structure perspective just outlined, to pro- 
duce vowels is to organize the articulators into a single, auton- 

omous system according to a particular equation (or set of  equa- 

t ions) o f  constraint; and, to produce a given vowel is (perhaps) 

to parameterize that system in a particular way ( c f .  Fowler, 197” .  

Suppose that a speaker impeded by a bite block is requested 

to utter a given vowel. The model-referenced version o f  closed- 

loop control assumes that the condition o f  the speech apparatus 

is sensed and motor commands together with sensory feedback are 

simulated to determine what needs to  be done given these condi— 

t ions. The coordinative structure perspective simply notes that 

if some parts of the system are ' f rozen '  the other parts will, by 
virtue of  the equation(s) of constraint, automatically assume 
values tailored to that of the frozen part and appropriate for 

producing the vowel. 

Suppose now a speaker is interfered with not by a bite blod< 

but by anesthetization of parts of  the speech apparatus and, as 

before,  is requested to utter a given vowel. In this situation 

model-referenced control must suffer to the extent that sensory 

information about initial conditions is  not available. In short: 

anesthetization should impair vowel production considerably more 

than a bite block restriction. From the coordinative structure 
perspective, however, anesthetization and bite block should be 

equivalent in that neither one alone should seriously perturb vowäl 

production. For some members of  a coordinative structure to be 

'uninformed' about the states o f  other members is not important; 
as long as all members of the structure can vary, equilibration 
according to the equation(s) of  constraint will occur and vowel 

production will be successful. However, we suspect that i f  some 

members cannot vary (due to a bi te block) and their values are nOt 
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communicated within the system (due to anesthet izat ion),  then ful— 

filling the equation(s) of constraint will not be possible and 

successful vowel production would be seriously hindered. The ex- 

;mriment that fol lows i s  a preliminary appraisal o f  these notions. 

In i t ,  both e f fe ren t  and afferent variables were either interfered 

with directly or controlled indirectly during the production o f  

several isolated vowels. Both acoustic and electromyographic meas- 

tues were used to determine how speech performance is af fected when 

the linkage among these variables is both partially and completely 

disrupted. 

Matias 
Subjects were two adult male native speakers o f  American 

English, one phonetically trained (WE) and the other phonetically 

naive ( S J ) .  The speech material consisted o f  the isolated vowels, 

/ i ,a ,u / .  Four separate articulatory variables were controlled 

directly and one was controlled indirectly. A bite block and an 

artificial palate were used to produce direct efferent interference, 

and anesthesia of  the temporomandibular joint (TMJ) and oral mucosa 

were used to produce direct afferent interference. Two different 

bite blocks were used, one 2 3  mm long and the other 3 mm long. 

The longer bite block was used to  f i x  jaw position for the close 

vowels / i /  and /u/ ,  and the shorter bite block was used for the 

open vowel /a/. An acrylic artificial palate was constructed from 
upper mouth casts o f  both subjects. This prosthesis was approxi- 

mately 10 mm thick at the midline, 3 mm thick along i t s  edge, and 

5 cc in volume. It extended from the posterior surface of the 
central incisors to approximately 8 mm anterior to the soft palate. 
Jaw position afference from the mechanoreceptors of the temporo- 
mandibular joint was eliminated by 2 ml o f  xylocaine injected 
directly into the joint capsules, bilaterally. Oral mucosa sensa- 

tion was eliminated by spraying the entire oral cavity with a 
benzocaine solution. 

The recording procedures were as follows: First, the sub- 

jects produced three triads of each vowel spontaneously, with the 
bite block, the artificial palate, and the bite block and arti- 
ficial palate, in that order. Anesthesia was then applied in two 

steps, For one subject (WE), the joint was anesthetized first, 
while for the other subject the topical anesthesia was applied 

f i rs t .  In each case ,  the entire vowel sequence was repeated after 
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each anesthetization. The experiments were run with the subjects 

seated in front of  a microphone. For one subject ( W E ) ,  electro— 

myographic recordings from the genioglossus (tongue) and orbi- 

cularis oris (l ip) muscles were obtained using conventional hookai 

wire techniques. All data were recorded on magnetic tape for 

later analysis. 

Results 

For both subjects,  the ef fects  of the experimental conditflmm 

were variable and evident only for / i /  and /u/ ; , the formant f re-  

quencies of  /a/ were virtually unaffected by either mechanical 
interference or anesthesia. Apparently, only pharyngeal cavity 

variables are relevant to /a/. For both /i/ and /u/, articulatory 
performance was unaffected by anesthesia alone, the art i f icial 

palate under all conditions of anesthesia, and the bite block 
under normal conditions and under incomplete anesthesia. Per— 

formance was a f fec ted,  however, and dramatically so,  when the 

bite block was introduced either alone or in combination with the 

artificial palate under complete anesthesia. These e f fec ts  were 

substantial not only perceptually, but a t  the acoustic and muscle 

activity level as well. For example, f irst and second formant 

frequencies o f  the f i rs t  spontaneous / i /  produced by subject WE 

were 275 and 2 2 7 5  H z .  These values were approached for all ex- 

perimental combinations except the TMJ + topical anesthesia + bite 

block and TMJ + topical anesthesia + bite block + artificial 

palate conditions where first and second formant frequencies shifiæd 

to 375 and 2050 Hz and 425 and 1600 Hz, respectively. Formant 
shifts were also evident for subject SJ, although to a slightly 

lesser degree. The EMG data dramatically illustrate these effects. 
Figure 1 shows the genioglossus EMG for the spontaneous bite bled: 
and TMJ + topical anesthesia + bite block conditions for the vowel 

/ i / .  The top trace shows the genioglossus muscle activity for /L’ 

produced spontaneously. The middle trace shows the corresponding 

EMG for the simple bite block condition. The increase in activity 

here is expected because the tongue has farther to move from a 
fixed-open position toward its target. Note also that the increaä! 
in activity is present at onset, before any online feedback mecha- 

nism would have time to generate an adjusted movement. The lower 
record corresponds to the TMJ + topical anesthesia + bite block 
condition. It shows virtually no activity. Absence of muscle 
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activity was the rule for all tokens within this condition as 

well as  for the TMJ + topical anesthesia + bite block + artificial 

palate condition. Apparently, fixation o f  both the efferent and 

afferent variables resulted in an inability to produce any co- 

ordinated movement; hence, a neutral tongue position and a tendency 

toward schwa. 

NORMAL W W  I S  MV 

BITE BLOCK 

TMJ+TOP+BB _ _ -  

Figure 1 

EMG activity for three experimental conditions. 

This motor disorganization, however, was relatively short- 

lived. In each case learning took place and the normal vowel 

targets were reached after several tr ials. Table 1 shows the for-  

mant frequency values for /i/ produced under the most extreme ex- 

perimental condition for each o f  nine token repetitions, for sub— 

ject WE. Again, measurements were made at the time of the first 

glottal pulse. For even this extreme condition, complete acoustic 

compensation was attained by the sixth trial where vowel targets 

aPProached those of  the spontaneously produced vowel. 

Table 1 
First and second formant frequencies for the vowel /i/ produced by 
subject WE under the most extreme experimental conditions (TMJ + 
tcpical anesthesia + bite block + artificial palate). Normal vowel 
target values are: F1 = 275 Hz, F2 = 2275 Hz. 

TRIALS 
____ 1 2 3 4 5 6 7 8 9 

F1 425 500 475 325 325 275 300 300 275 

F2 1600 1700 1900 2050 2150 2175 2225 2225 2250 
_ _ _  
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Conclusions 

The main finding o f  this experiment was that interferencevfixh 

either an ef ferent  or af ferent  variable alone did not a f f ec t  the 

production of  isolated vowels; however, simultaneous interference 
with both efferent and af ferent variables seriously altered vowel 

production. It  i s  our view that these findings demonstrate both 

the necessity o f  a generative approach to speech production model- 
ing and the util ity o f  a coordinative structure mechanism for the 
control o f  speech movements. F i rs t ,  the experimental conditions 

produced novel physical and sensory situations that were met with 

immediate and successful articulatory responses. An open-100p 

model based on stored experiences cannot explain the success of 

these responses. Second, from the coordinative structure perspec- 

t ive, the finding that af ferent  interference does not a f fec t  vowel 

production unless an ef ferent  variable is f rozen is  consistent 

with the View that these muscles are functionally linked across 

efference and efference in such a way that control can be taken 

over by either system when the other is f ixed. 
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A CORRELATION ANALYSIS OF EMG ACTIVITY AND THE MOVEMENT OF 

SELECTED SPEECH ORGANS 

Hajime Hirose, Research Inst i tute of Logopedics and Phoniatrics, 
Faculty of Medicine, University of Tokyo, Tokyo, Japan 

Introduction 

In the study of the dynamic aspects of speech production, i t  

i s  ultimately necessary to  invest igate the pat tern of motor control 

signals from the central nervous system and the dynamic character— 

is t ics  of the speech o rgan(s )  which actæl in  response t o  the control 

signals. Although the pattern of the motor control signal has 
usually been observed in the form of electromyographic (EMG) po- 
tentials, the quantitative analysis of the relationship between 
EMG act iv i ty and articulatory movement has remained di f f icul t .  
Cinefluorographic observation combined with simultaneous recording 

of EMG signals has been considered to  be most sa t is fac tory ,  but 

the acquisition of necessary information is generally rest icted 
due to  the dosage problem. 

The introduction of the x-ray microbeam system to speech re— 
search (K i r i t an i ,  Itoh and Fuj imura, 1975) solved the dosage prob- 

lem to a large extent and, at the same time. proved useful for 
reducing the time required for data analysis. Figure l shows a 
data collection and analysis system in use at the Research Insti— 
tute of Logopndics and Phoniatrics, Faculty of Medicine, Universi ty 
of Tokyo. 

The present study i s  an attempt to analyze the dynamic char- 
ac ter is t ics  of the movements of selected speech organs recorded by 
means of our x—ray microbeam system simultaneously with EMG record- 
ings of the activity of the related articulatory muscles during 
SPeech. In the present paper, the preliminary results of an analy— 
sis of velar movement will be presented as an example, in reference 
to the pattern of the EMG activity of the levator palatini muscle. 
The articulatory movement of the velum is  known to be controlled 
almost solely by the activation and suppression of the levator pal- 
atini. Velar movement is  relatively independent of the movement 
of the other art iculators and, thus, relationship between the 

displacement of the velum and the EMG patterns of the levator 

Palatini can be considered to  be relatively st ra ight forward.  
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X-RAY MICROBEAM SYSTEM 

X'RAY 
GENERATOR 

TAPE RECORDER: . .......... , DATA RECORDER 
AUDIO-DATA' 

r - - _ _ - _ - - - ‘  

I EMG-DATA 
E ' ' ___:- 

‘ PDP 11/3“ Il: 

‘ (Bü Kw) H 

ZfEiE§:EE;7 MEDIUM-SIZE 
GRAPHIC CENTRAL com. 
PLOTTER | _J ' SYNTHETIC 

SOUND DISK 
HARD COPY DISPLAY TERMINAL 

Figure 1 The Articulatory data collection and analysis 
system at the RILP, University of Tokyo 

Data recording 
An adult male speaker of the Tokyo dialect served as the 

subject of the present study. The subject read a l ist of test 
words either in isolation or embedded in appropriate frame sen— 
tences. 

For recording the articulatory movements, the movement of 
lead pellets attached to the pertinent articulators was tracked 
and recorded by means of the computer—controlled x-ray microbeam 
system. For recording velar movement, a strip of thin plastic 
film with a lead pellet attached to i ts  end was passed through a 
nostri l ,  placing the pellet on the nasal surface of the velum. 
The pellet movement was recorded with a frame ra te  of approximate- 
ly 190 frames/sec. 

Conventional hooked-wire electrodes were inserted into the 
levator palatini in this particular case. The EMG signals were 
recorded on an FM data recorder together with the speech signals 
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and the timing pulses which were  generated f rom the computer for  

each frame of the x-ray tracking. The EMG signals were then digi— 
t ized through an A/D converter w i th  a sampling r a t e  of  8 kHz.  

Absolute values were  taken and integrated over 5 . 8 3  msec,the value 

of which corresponds to  the interval between successive timing 

pulses. 

Data analysis 

The Y—coordinate of the pellet on the velum was selected to 

represent the movement of the velum, and the relationship between 
the time function of  the coordinate value and the EMG signal was 
examined. EMG activity i s  associated with the generation of mus— 
cle force and, therefore ,  can be related to such variables as t h e '  

displacement, velocity and acceleration of the movement of the 

pertinent ar t icu lator .  Thus, the present analysis aimed at ob— 

taining a quantitative estimation of  the relationship between these 

variables and the EMG signal. 

I t  was assumed that the EMG act iv i ty of  the levator palatini 

at a given instant could be expressed as the sum of the three 

components dependent on the displacement ( y ) ,  velocity (y)  and 

acceleration 6?) of  the movement of  the velum. Thus, an estimated 

EMG signal at a given time can be given as in equation (1) .  

’ \ -  + + ' + ——- ‘ )  Ei' c0  clyi czy i  c3yi ( r  

In this equation, the subscript i denotes the i—th time sample. 
The above equation indicates that velar movement is  realized as 
the response of a linear second order system to the EMG signal 

which i s  given as input. The coeff icients which give the best 
approximation were estimated by the least square error  method. 

That i s ,  for every time sample of  EMG signal E i '  the estimate Ei 

in equation (1) was formed by using the coordinate values obtained 

bY x-ray tracking. The coeff ic ients,  00—3 were determined by 

minimizing the value of e r ror  (Er r )  in equation ( 2 ) .  

" 2 
Err'";§:(Ei _ Ei) _____ (2) 

1 

In the above procedure, i t  was necessary to introduce a tem— 
POral smoothing of the observed coordinate value, since, without 
smoothing, the noise components in the calculated velocity and 
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acceleration were  so dominant that v i r tual ly  no e f f e c t i v e  correla- ' ' ' ' ' ' 

tion could be observed between these variables and the EMG signals. aucHo ; _Jv/\F‚_\Jr\/’"'““Lf\__ æ/bernee/' 

In order to  reduce the noise e f f e c t ,  the temporal var ia t ion  of the 
' {  coordinate value within a short time window was approximated by l ' p  
; | 

the parabolic function of time. In the data sets obtained in the 
present study, i t  was found that the error was minimum for a time 

j î '  - window of about 30 frames. Thus, in the present analysis, the vaL- vehnn ?/Fh“v%„flüv#fi\\—c“”J/F\‚JÜN\\\\k 
E A ues calculated for th is  time window width were  considered to  b e t m e  
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ENKS î .1 Results and discussion ëâämgat. ‘/““W 
% The characterist ic constants of the linear second order systan .emkmn ---- f , î 

@! were.calculated from the estimated values o f  the coefficients in ; | _ . ‚ . ,  ......... …"…uwu. , _ . _ 
ËË equation (1) .  The value of the damping factor was found to be audk) % ,/btee/ ä 
{?  close to l ,  which implied that the second order system is  cr i t i -  î î 

% cally damped. The character ist ic  time constant was approximately i l i p  ?“‘\\vf\\„/\\v/„»—\____„‚—v/“"""/F—__ â 
‘ä 80 msec, regardless of the di f ference in speaking rate.  @ ë % 
.? ' : ' Figure 2 shows examples of the x—ray and EMG data obtained. ! ; â 
1? These curves correspond to the three di f ferent types of test  words, Ë vehnn Ë E 

% /bemee/‚ /beN'ee/ and /beNmee/‚ each of which was embedded in a . ;,AW*N…,M_J«\\\—//rfiæv*FJÜWf—H\\\xb_ % 
; frame "sorewa desu" (that i s  ) .  In the test words, ; __f g 
ï /N/ represents the syllable f inal  nasal element in Japanese. The ; EŒËÈS = : É 

“€? - sequence of nasal segments /Nm/ is  generally uttered as a geminate f emnnm; ;, % 
nasal consonant. For each tes t  word, the curve a t  the top shows ; ' ' ' ' „m. ' ' ' ' E 
the audio signal, the second and third curves are the temporal É ' ' ' ' ' ' ' ' ' 
pat terns of the Y—coordinate value for  the lower lip and the velmm 5 3Udk) : jlfldhu\q~—-Jhflflfikfi\g /beh“nee/ ' 
respectively. The bottom curve shows the integrated raw EMG: Wi“? 
the estimated EMG curve calculated by using equation (1) super- l i p  E‘"“""\\/P\J/__\\\_„„a’"“"““/f———h 
imposed. 

I t  can be seen that in /bemee/ the velum lowering for /m/ vehnn 
starts immediately af ter  the oral release of the initial /b/ and 
continues until the release of /m/. Velar elevation then begins. 
the speed of which appears to be slower than that of lowering: amL 
as a resul t ,  the temporal pat tern of velar movement i s  asymmetrical 
for the production of /m/. In /beN'ee/, the velum lowering for 
/N/ continues longer, and the velar displacement i s  larger than 
for /m/ so that the temporal pattern appears to be symmetrical. d h h d .  . 1 ( t  ) 

' ' — ' t au 10 51 na o In /beNmee/, the level of the maximum velum lowering for /Nm/ is lower llP and the velum,compare Wit  e 9 P 

higher than for /N/ in /beN'ee/, although the duration of nasaliza' and the raw and the estimated EMG curves (bottom). 
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20 msec/div. 

FiQure 2 The temporal patterns of the Y—coordinate value for the 
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tion is  longer. In this case, a f te r  reaching the level of maximum 
lowering, the velum appears to  stay a t ,  or to  ascend very gradual- 

ly from, that level and, thereaf ter ,  i t  ascends with a speed simi- 
lar to that for /m/ in /bemee/. 

Comparing the patterns of the raw EMG act ivi ty with those 
of the velar movement, i t  appears that the pat tern of levator 

activity for /N/ in /beN'ee/ i s  characterized by a step-like EMG 
suppression, the level of which is  the same as that for the rest-  
ing position of the velum af ter  the cessation of the utterance. 
In other words,  the movement of the velum for  /N/ can be regarded 

as  a smoothed response of the velum as a second order system to 

the step-l ike control signal to  the velum. In /beNmee/, on the 

other hand, a rapid suppression of levator activity i s  followed 
by a short period of an intermediate level of EMG act iv i ty.  A1- 
though the EMG level of the initial part of the suppression for 
/Nm/ i s  apparently the same as that fo r  /N/ in /beN'ee/ ,  the velmn 

does not show an extreme lowering but stays at a somewhat higher 

position. Thus, i t  appears that the period of intermediate level 

EMG activity mentioned above is responsible for the characteristk: 
pattern of velum movement for /Nm/. The duration of the suppres- 
sion of the levator act ivi ty for /m/ in /bemee/ is relatively 
short compared to the estimated value of the time constant of the 

second order system, and, therefore ,  the pat tern of the velar move- 

ment for  /m/ can be taken as a ballistic impulse response to  the 

EMG signal. However, as seen in Figure 2 ,  a short re-activation 
of  the levator palatini reaching the intermediate level i s  ob— 

served in some utterance samples of /bemee/. Thus, for /m/, a 
question st i l l  remains as to whether the apparent re—activat ion<fi  
the levator palatini may necessarily result in the gradual ascent 
of the velum af ter  the initial lowering. 

The character is t ic  pattern of each of the three utterance 

types i s  also demonstrated in the estimated EMG curve. In partic- 

ular, the estimated curve for /Nm/ is characterized by the fact 
that when the EMG activity increases after the negative peak of 
suppression, the rate of increase is  temporarily depressed before 
i t  reaches the maximum level, and, as a result, there i s  a plateau 

in the estimated curve. This result would indicate that, as fa r  
as the second order linear relationship between the levator EMG mfi 

velar movement i s  concerned, the patterns of the velar movement 

_ _ _ - _ _  
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for /Nm/ can not be accounted for by a constant increase in the 

EMG activity af ter  suppression. Rather, i t  can be assumed that 

an intermediate stage of EMG control is necessary during the phase 

of re—activation. 
I t  has been reported that there are  characterist ic di f ferences 

in the temporal patterns of velar movements for  these three u t te r— 

ance types (Ushij ima and Hirose,  1974;  Fuj imura, Miller and 

Kiritani, 1976).  The result of the present study seems to con- 

firm this result. I t  also suggests that these differences are 

based on the d i f ferent  pat te rns  of motor control to  the velum. 

For a better understanding of the dynamic aspects of speech 

production, further attempts should be made to accomplish the 

quantitative analysis of the relationship between EMG signals and 

articulatory movements.. A preliminary analysis of jaw movements 

in reference to the pattern of the EMG activity of the related 

muscles i s  now in progress.  
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ON THE USE OF OROSENSORY FEEDBACK: AN INTERPRETATION OF 

COMPENSATORY ARTICULATION EXPERIMENTS 

Joseph S .  Perkell ,  Research Laboratory o f  Electronics, 

Massachusetts Institute of  Technology, Cambridge, Mass. 02139,  

U . S . A .  

A number o f  experiments have been performed on "compensatory 
articulation" with the aim o f  understanding more about speech 

motor programming. Several o f  these experiments have used bite 

blocks to constrain the mandible in abnormally open (or closed) 

positions while the subjects produced steady state vowels ( / i / ,  

/a/,  and /u/) ( c f .  Lindblom, 1971; Lindblom, e t  a l . ,  1977;  Lind- 

blom et  a l . ,  in p ress ;  Gay and Turvey, these proceedings). The 

resulting formant patterns were measured at  the f irst glottal 
pulse to avoid any possible e f fec ts  o f  auditory feedback (which 
was not masked o u t ) .  I t  was found that vowels produced with 

significantly abnormal jaw openings ( i . e .  22—25 mm open for / i / )  

were essentially the same in quality as those produced normally 

by the same subjects. However when bite blocks were used in 
conjunction with oral  topical anesthesia (Lindblom, e t  a1 . ,  1977) 

or with a combination o f  oral topical anesthesia and anesthesia 

o f  the temporomandibular joint (Gay and Turvey, these proceedingæ, 

subjects needed several attempts to produce apprOpriate vocal 

tract configurations and sound outputs. In the latter experiment, 

the application o f  oral topical anesthesia alone was not enough 

to impair subjects' ability to produce vowels appropriately. 
Lindblom and his co-workers interpret their findings as 

support for the following View o f  the role o f  orosensory feedback. 

Tactile information from the labial and oral mucosa can be 
utilized in the motor programming of  speech. Vowel "targets" 
may be encoded as  [orolsensory goals which re f lect  a neuro— 

physiological encoding o f  area functions. These goals serve as  

a basis for the elaboration of  motor commands by structures which 
"can generate appropriately revised motor commands on the basis 

of  the feedback positional information available before onset o f  

phonation“ (Lindblom, et  a l . ,  in p ress ) .  
These results and their interpretations must be viewed with 

caution for a number of  reasons. For example, a generous 
application o f  tOpical anesthesia to the oral and pharyngeal 
cavities can have a distracting effect on the subject (Lindblom‚ 
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personal communication). Perhaps more importantly, a steady—state % 

paradigm which allows the subject t ime_to  “organize" his response 
before presenting it may ref lect  functions which are not part o f  

normal dynamic speech motor processes ( o f .  Leanderson and a 

Persson, 1972; Abbs and Eilenberg, 1976). Nevertheless, the ‘ È 
results are provocative enough to warrant further examination, : 

particularly in light o f  a recent experiment on arm movements and 

another experiment on compensatory articulation. È 

Polit and Bizzi (1978) have performed an experiment in which ‘ 
3 adult monkeys were trained to point to a target light with the ; 

forearm and hold the position for about 1 second in order to ob— f 

tain a reward. The monkey could not see i ts  forearm which was 

fixed to an apparatus that permitted only flexion and extension 
about the elbow in the horizontal plane. Performance was tested 

before and after a dorsal root section which eliminated somato- 
sensory feedback from both upper limbs. In both intact and de— 
afferented animals, the arm was unexpectedly displaced within the 

reaction time of  the monkey, and in both cases the displacement 
o f  the initial arm position did not a f fec t  the attainment o f  the 
intended final steady—state position. These results suggested 

to the authors that a central program specified an equilibrium 

point corresponding to the interaction o f  agonist and antagonist 

muscles. A change in the equilibrium point leads to movement 
and attainment of a new posture.1 However, it was also found 
that when the spatial relationship between the animal's arm and 

body was changed, the pointing response of  the deafferented 
monkeys was inaccurate, and remained so even when visual feedback 
was allowed. In contrast, the intact monkeys were able to com- 

pensate within a few tries to the new position without visual 
feedback. This finding suggested that one major function o f  , 
afferent feedback is in the adaptive modification of learned ? 
motor programs (Polit and B i z z i ,  1 9 7 8 ) .  

Following these authors' interpretation of  their results, we 

might consider that in establishing the central program for the ; 

performance o f  the motor task ( i . e . ,  learning the task) ,  the 
monkeys were incorporating a subconscious "knowledge" o f  the 

relationships between the target points with respect to the 

(1) The existence of additional processes related to the dynamic 
aSpects o f  movements is  acknowledged, but not treated by 
Polit and B izz i  ( 1 9 7 8 ) .  
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apparatus and the muscular settings which would result in correct 
pointing. In doing so, the monkeys were calibrating the bio- 
mechanical properties of  the system with respect to a particular 
frame of  reference ( i . e .  orientation in space in relation to the 

body) with the use o f  somatosensory feedback from the system. 
When the frame o f  reference changed, only the monkeys with intact 
somatosensory pathways were able to"recalibrate"the central pro- 
gram to the new frame o f  reference. 

This line of reasoning and the interpretations of Lindblom 
and his colleagues lead us to a possible,slight1y more specific 

explanation of  the compensatory articulation results. In the 
case o f  steady-state vowel productions, the frame of  reference 

is defined as  the configuration of the dorsal walls of  the vocal 
tract and the position o f  the mandible. The target (or goal) 

consists of a vocal—tract area function as sensed by a complex 

pattern of  sensory feedback from the vocal tract. Normally, to 

produce a steady-state configuration, the control mechanism has 

a choice o f :  l )  using a pattern o f  peripheral feedback to compane 

with one that has been learned in association with a particular 

area function and vowel quality, or 2) using a set of equilibrimn 
levels of muscle excitations. These muscle excitation levels 
can be stored or computed on the basis of  an overlearned knowlahm 

of  the vocal—tract geometry and biomechanical properties. 

Now let us consider the three possible combinations of  the 

use o f  anesthesia and/or bite blocks. With only (complete) 
anesthesia, the controller uses option 2 .  In other words, 

with a frame of  reference which is assumed to be normal, the 

controller is still capable of specifying equilibrium muscle 
excitations which it "knows" will produce the correct area 
function. On the other hand with only the bite block, the con— 

troller uses option 1. The appropriate area function is  producai 

by comparing peripheral feedback with the "known" pattern. Wiflï 
anesthesia and the bite block, neither option is available. The 
frame of  reference has been changed. The absence of  feedback 

about the new frame of  reference precludes an a priori recompufir 

tion o f  appropriate equilibrium muscle excitations, and the 

absence of tactile feedback precludes a direct comparison with 

the known pattern. This last statement is reinforced by the 

results of Gay and Turvey in which only combined anesthetization 
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of  the oral mucosa and the temporomandibular joint (along with the 
bite block) rendered the subject incapable o f  producing the vowel 
correctly on the f i rst  try. The loss of  joint sensation would 
eliminate the feedback about the frame of  reference, needed for 
a recalibration of  the central program, and the loss o f  sensation 
from the oral mucosa would preclude using such feedback directly 
in an error-minimizing feedback loop.2 

The hypothetical use o f  afferent information to keep the 
controller informed about the frame o f  reference would be equi- 
valent to the function proposed by Polit and Bizz i  (1978) in the 
adaptive modification o f  learned motor programs. Presumably, the 
predictive simulation mechanism proposed by Lindblom, et a l . ,  (in 
press) also needs to use feedback in a similar way. It has been 
suggested by numerous investigators that learning a motor activity 
consists in part of substituting central programming for the use 
of  peripheral feedback. This use o f  central patterning presumably 
incorporates an ability to adjust the parameters o f  the central 
program to account for changes in the frame of  reference. In the 
case of speech, such changes correspond to speaking with a pipe 
clenched between the teeth, with the head tilted to one side, or 
resting ones' chin in his or her hand. 

Gay and Turvey also found that / i /  and /u/ productions are 
affected by the combination of joint and topical anesthesia with 
a bite block while /a/ is not. This difference might be explained 
by their report that the topical anesthesia was applied to the 
oral cavity, where the acoustically most critical points of  
nmximal constriction for / i /  and /u/ are located. (A given change 
in the dorsal—ventral location of the tongue surface will have 
a proportionally larger e f fec t  on the vocal—tract cross-sectional 
area at the point of  maximum constriction than at other locations 
where the cross—sectional area is greater.) If the anesthesia 
did not exert a strong effect at the point of  maximal constriction 
for /a/, we might expect it to be produced normally, with the use 
of feedback which is less consciously obvious but still available 
frgm that region. The importance of the pattern of  contact at 
_ —  

v—- .? v—- .— 

(2) The fact that only topical anesthesia in combination with 
bite block was sufficient to impair vowel production in the 
Subject o f  Lindblom, et a1. (1977) might be due to individual 
differences or differences in the extent and depth of  
topical anesthesia. 
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the point of  maximal constriction for the vowel is further sug- 
gested in lateral cineradiographic tracings (Netsell, et  a l . ,  

1978) o f  normal and compensatory productions o f  the vowel / i /  for 

3 subjects. For each subject the normal and compensatory dorsal 

tongue contours show considerable overlap and the overlap is  most 

pronounced a t  or near the point o f  maximal constriction. 

This brief analysis greatly oversimplifies the issues in a 
number o f  respects. I t  relies on a small amount o f  data. It 

overlooks the significant differences between deafferentation 
and the application of  anesthesia as well as the unnatural nature 

of  both experimental paradigms. And a s  we have mentioned, it 

deals with a steady—state task which may be quite different from 
anything actually found in speech. For these reasons, we must 
be very tentative in extending our interpretations to cover 
normal articulatory movements. However, on the basis o f  consider— 
ing a number o f  additional aspects or speech production and the 

control of movement (see Perkell, 1 9 7 9 a ) ,  i t  is possible to offer 

the following speculations on the use of  orosensory feedback. 
1) Orosensory feedback may play a role in determining the 

nature o f  some distinctive features. It is possible that certain 
well-defined patterns o f  orosensory feedback (such as contact of  

the tongue with maxillary structures) facilitate the production 

of sounds which have distinctive acoustic and auditory-perceptual 

correlates (see also, Stevens and Perkell, 1977, Perkell, 1979b). 
Such patterns of  orosensory feedback could be the speech pro— 

duction correlates o f  distinctive features. Specifications of  
utterances in the form of  featurewrelated complexes of  orosensory 

goals might serve as a basis for the production of  articulatory [ 
movements. Thus, orosensory feedback on a long—term basis might È 
be necessary for the establishment and maintenance o f  a sub- 

conscious ”knowledge" o f  the orosensory correlates of the 
features. This "knowledge" could be used directly as suggested 
by the bite block results or indirectly in the establishment and 
maintenance of central programs. 

2 )  As suggested by the discussion in this paper, orosensorY 

feedback might be important in informing any central programming 

mechanism about the overall state of  the system or frame of 
reference. The use o f  feedback to make adjustments for changes 
in the frame of reference could cover a time span corresponding 
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to several movements in a sequence (Polit and Bizzi, 1978) .  In ' 
more general terms, perceptual feedback "regarding the position 
or movement trajectories of  one or more articulators could be 
used for preprogramming movements several hundred milliseconds 
into the future." (Larson, personal communication). 

3) This paper has implied that central programming plays a 
major role in the production of  articulatory movements. Much of  
the experimental and theoretical work on other forms of  movement 

suggests that central programming along with internal feedback 
(feedback entirely internal to the central nervous system) is 
used for the moment—to-moment (context—dependent) programming 

of rapid movement sequences. While this is most likely the 
case for "learned“ or "skilled" motor behavior such as speech 
production ( c f .  Lindblom, et a1., in press) ,  we must keep in mind 
that vocal tract motor control mechanisms may conceivably have 

capabilities that other systems do not have (cf. Folkins and 
Abbs, 1975,  1976,  McClean, et a l . ,  in p ress ) .  Thus it i s  pos— 

sible that orosensory (peripheral) feedback from the vocal tract 

is used on a moment-to—moment basis to assist in the programming 
of articulatory movements in ways that have not been demonstrated 
for other types of movement. 

Ideas such as  these are closely related to questions about 

the nature of fundamental units which underlie the programming of  

speech production ( c f .  MacNeilage, 1 9 7 0 ) .  Thus, the difficulty 

of testing such hypotheses should not stand in the way of exploring 
them further. The striking similarities between the compensatory 

articulation and arm movement results discussed above suggest 

that we may learn increasingly more about speech by continuing to 

follow future work on analogous types o f  movement.3 
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MOTOR UNIT DISCHARGE PATTERNS DURING SPEECH: TEMPORAL REORGANI- 

ZATION DUE T0 COARTICULATORY AND PROSODIC EVENTS 

Harvey M. Sussman, Department o f  Linguistics, University o f  Texas, 

Austin, Texas, U.S.A.  

The functional unit o f  muscle contraction, and hence move— 

nænt control, is the motor unit. A motor unit consists o f  an 

alpha motoneuron, located, in the case of Speech muscles, within 

a motoneuron pool in the brainstem, and the single muscle fibers 

innervated by the axonal branches o f  that motoneuron. For the 

past few years my colleagues and I have been interested in de- 

scribing how motor unit discharge properties change to meet the 

demands o f  rapid tension development characteristic o f  speech 

production. Observation o f  motor unit discharge activity repre— 

sents the closest look at the encoding operations of  the central 

nervous system as the peripherally recorded muscle action poten- 

tials (MAPS) of motor units (MUS) stand in a 1:1 relationship to 

discharges of  centrally located alpha motoneurons. 

Data will be restricted to MU events within the anterior 

belly of  digastric (ABD),  a muscle involved in lowering the jaw 

during speech. Specially constructed intramuscular wire elec— 

trodes, designed to facilitate recording at high force levels, 

were used in all studies. All measurements were performed on a 

digitized oscilloscopic display (maximum resolution = 0.1 msec) 

utilizing computer software routines written for temporal and 

statistical analyses of  motor unit/articulator events during 

ongoing speech (complete details of  recording and measurement 

procedures can be obtained from Sussman et al, 1 9 7 7 ) .  

BÊgruitment Order 

A current view explaining activation of individual MUs is 

the Size Principle (Henneman e t  a l ,  1965 ) .  Briefly stated, the 
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Size Principle holds that MUS are activated according to moto- 

neuron size, with the smallest neurons (having the lowest excit. 

ability thresholds) discharging f i rs t ,  followed by successively 

larger motoneurons. Evidence supporting this view has been 

extensively gathered, but primarily from animal experimentation. 

Recruitment order o f  MUS active during hymen isotonic movements, 

such as speech, have not received much attention to date. Our 

data overwhelmingly supports the Size Principle. Recruitment 

order o f  ABD MUS was observed to be fixed and based on size (as 

determined by peak-to—peak amplitudes of  MAPS).  The consistency 

of MU activation for jaw lowering represents an invariant aspect 

of  the encoding program for speech. 

Data on recruitment order can also be related to various 

aSpects of articulatory dynamics. Both jaw displacement and 

velocity were found to be positively related to the number of 

MUS active (Sussman et a1, 1977) .  In addition, the initial inau— 

Spike interval (ISI) of  the third recruited MU has consistently 

been shown to be linearly related to both jaw displacement and 

velocity. During jaw lowering for the initial vowel in /aepae/ 

tokens, it was found that jaw displacement and velocity increased 

as the initial ISI decreased. Correlation coefficients ranged 

from —.44 to —.67 and were significant beyond the p«<_.05  level 

for all utterances examined. The relationship between discharge 

rate of  a MU and some aspect o f  articulatory dynamics was only 

found for the larger and later recruited MUS (Specifically the 

third MU recruited). The smaller first and second MUS recxuitai 

did not exhibit a straightforward relationship between its inithd 

firing rate and jaw movement. Since the larger and later recrmüæd 

MUS add a proportionately larger contribution to overall tensùæl 

develoPment ( i .e .  larger MUs have higher twitch tension levels} 
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compared to initially active, smaller MUs, it is not surprising 

to notice movement variables being influenced by discharge charac— 

teristics o f  the larger MUS only. 

Temporal Reorganization: Coarticulatory Influences 

The temporal interval separating activation of  the f i rst 

recruited MU and the initiation of  jaw lowering for an open vowel 

such as /ae/ can be a valuable dependent variable in providing a 

glimpse at the time program applied to the events of  Speech motor 

control. Such an analysis was made for 6 4  utterances o f  /aepae/ 

with separate measurements taken for initial vowel lowering and 

final vowel lowering. The results are schematically illustrated 

in Figure 1. For all utterances the f i rst discharge of  the f i rSt 

recruited MU occurred approximately 40  msec after the jaw began 

to lower for V1, and approximately 28 msec prior to jaw lowering 

fer V2 Opening gestures. These consistent differences (across 

three subjects) can be related to the differences in peripheral 

biomechanics existing at the moment of jaw lowering for the ini— 

tial preconsonantal vowel versus the final postconsonantal vowel. 

It is well known that the jaw exhibits anticipatory coarticulation 

for an Open vowel in final position of VCV tokens (Sussman et  al, 

1973) Thus, the jaw is lowering for the postconsonantal Vowel 

from a position that is considerably lower than the jaw position 

Preceding the initial preconsonantal vowel. Abbs and Eilenberg 

(1976) have shown that the mechanical advantage o f  ABD in exert— 

ing a lowering force on the mandible decreases the more the jaw 

is lowered. This reduction o f  mechanical advantage represents a 

diminution of  the effective muscle force o f  ADB to bring about 

additional lowering for the postconsonantal vowel /ae/. The 

earlier activation of the initially recruited MU for the final 

Postconsonantal vowel as compared to the initial preconsonantal 
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vowel may reflect a temporal adjustment o f  the motor time progrmn 

needed to partially o f fse t  the less favorable mechanical advantmm 

o f  the jaw during this time. It is consistent with this hypoth- 

esis that there was a highly significant positive correlation 

( r  = . 7 4 ,  p < < ' . 0 1 )  between jaw position during the medial conso- 

nant and temporal onset o f  MU I .  Thus, the lower the jaw imme- 

diately prior to subsequent lowering for the postconsonantal 

vowel, the earlier did MU I activity begin for jaw lowering for 

V2. This example provides the first illustration of temporal 

reorganization, on the cellular level, to a behavioral and bio- 

mechanical aspect of the encoding program for speech. 

Temporal Reorganization: Stress 

Previous studies investigating articulatory reorganization 

due to stress have shown that higher levels of integrated EMG 

signals, higher rates of  articulator movement, and closer approxi- 

mations of  intended target positions accompany high stress con- 

ditions. Until recently, there have been no descriptions of 

temporal change in motor unit discharge patterns due to the pro— 

sodic application of syllable stress. 

A subject repeated /aepae/ twenty times with equal "moderaufl 

stress on each syllable and twenty times with heavy stress on.the 

second syllable. The f irst three recruited MUs were examined for 

both stress conditions. Figure 2 shows recruitment latencies 

separating the initial discharges of  the first three recruited 

MUs in conjunction with the temporal onset of jaw lowering for 

the second syllable for both /aepae/ and laepäe/ tokens. A 

temporal starting point, t = 0 ,  was taken to be the onset of  

MU I ' s  initial spike. For stressed utterances there was a con- 

sistent shortening of  the intervals separating successively re— 

cruited MUs and a shorter latency between MU I ' s  initial discharge 

SUSSMAN 369 

and the moment o f  jaw lowering for /ae / .  Table 1 gives data 

characterizing the temporalreorganization pattern in terms of  

means ( in msec ) ,  standard deviations, and variability coefficients 

(SD/î). Not only was the time program advanced for the stressed 

condition, but, in addition, there was a marked reduction in 

variability. The percent reduction in variability, calculated 

by comparing the unstressed and stressed variability coefficients, 

revealed a 60% reduction for the MU I - MU II interval, a 82% 

reduction for the MU I — MU I I I  interval, and a 62% reduction for 

the MU I - jaw lowering interval. 

Other changes in discharge characteristics accompanying 

stress were an increase in mean firing rate (impulses/sec) fer 

each MU and a decrease in the mean initial interspike interval. 

This later parameter is indicative o f  a higher instantaneous dis~ 

charge rate (l/initial ISI) for the stressed syllables. In addi— 

tion to the higher instantaneous discharge rates for all three 

MUS, there was also a marked reduction in the variability of the 

initial ISI, with a progressively larger percent decrease in 

variability coefficients with recruitment order —— 21% reduction 

for MU I ,  30% for MU II, and 42% for MU III. Thus, there was a 

”tighter" control over the onset times for the larger and later 

recruited MU. 

These preliminary findings showing a sharp reduction in the 

variability of recruitment intervals ( e . g .  MU I—MU I I ) ,  activation 

intervals (MU I—jaw lowering), and initial interspike intervals, 

add a new dimension to our understanding of  articulatory movements 

underlying syllable st ress.  In addition to the connotations that 

90 along with the familiar Ohman notion of  ”an instantaneous 

addition of  a quantum of physiological energy" (Ohman, 1967, 

P- 33) for stressed productions, the encoding program for speech, 
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370 SYMPOSIUM No. 6 

as observed in our data, suggests a more precise control o f  the 

timing o f  cellular events, as well as a more forceful execution 

o f  the peripheral dynamics. 

Motor unit events and their systematic changes-during varùmm 

conditions of  ongoing speech can be sensitive indicants of  higher 

level linguistic conditions. Alterations in the temporal program 

underlying muscle and hence articulator activation can be observmi 

at the level of  the alphamotoneuron (at  least indirectly that is) .  
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Figure 1: Temporal onset (msec) of initial discharge of  the 
first recruited motor unit with respect to jaw 
lowering for initial (V1) and final (V2) vowel. 
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THE RELATION BETWEEN SENTENCE PROSODY AND WORD PROSODY J 

Summary o f  Moderator's Introduction 

Eva Gârding, Swedish Research Council for Humanistic and Social 

Sciences and Phonetics Department, Lund University 

The contributions to this symposium cover different kinds o f  

prosodic systems and represent different methods of analysis and 
description. As a moderator I am taken aback by this variety but 

it may of course help us reach the goal set by the organizers: A 
pursuit o f  universal features in the relation between word pros- 
ody and sentence prosody. This requires a certain minimum o f  

common terminology for the basic concepts and aspects of  prosody. 

In my summaries and the points suggested for discussion I have 

used terms from the table below. Synonyms from other authors have 

been put within parentheses. 

Word level Sentence level 

local e f f ec t  overa l l (genera l )e f fec t  ; 

tone: tone (term. junct.):  intonation: ' 
contour tones downglide downdrift (declination) 
level (s ta t ic )  absence o f  downdrift 

H (High) upglide 
L (Low) 

accent ( s t r e s s ) :  accent (s t ress)  
pitch accent 
, 

Citation form (ideal manifestation, ideal shape): a lexical item ; 

plus declarative sentence intonation and sentence accent : 
Basic form: abstract representation or concrete form freed o f  

other prosodic features 
_ _  

Summaries 
2333. A .  Abramson 

The author is mainly interested in the question of  whether 
the e f fec ts  of  sentence prosody are strong enough to weaken or de— 
stroy the lexical tones, the shapes of which have been derived 
from citation forms. Apart from perturbation from initial conso- 
nants there is perturbation from neighbouring forms. Also,in com- 
pounds one tone may be replaced by another (sandhi). In running 
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speech the tones are preserved but their shapes may undergo se— 

vere distortions. Sentence intonation can be marked locally by pp 

nal particles and final sentence tone (terminal junctures), e.g. 

rising pitch for doubt, falling for finality, sustained for con- 

tinuation and/or by overall ef fects.  The author examines inter- 
speaker frequency shifts in terminal junctures, expressed as per- 

centages o f  voice range. Sentence accent is  marked by lengthemhm, 

increase of  amplitude and ideal tone shapes. 

Some Southern Nigerian Languages. K .  Williamson 

The seven languages reported on have two basic t ones , I i and  

L .  Two have distinctive downstep, H * ’ H  versus HH. Tone rules ex- 

press sequential modifications such as downdrift and coarticula- 
tion, glides between discrete tones and in one case replacement 
(of  sandhi in Thai). Sentence type can be marked locally (sen- 
tence tone) by an added L or H, or by replacement, or by overall 
intonational e f fec ts ,  e .g .  downdrift or absence of  downdrift, or 

by combinations of local and overall features. There is no con- 

sistent pitch signal for statement or question in these lan— 

guages. Yet ,  statement is  generally formed by downdrift o f  the 

basic tones, whereas for question some sentence-rule has to be m} 

ded. Exclamations are uniform: a larger range by raising H ' s .  

Sentence accent is not mentioned. 
Some American Indian LanguagesJ e tc .  E . V .  Pike 

The author examines accent (s t ress)  at word and sentence 

level in nine languages which use two or more contrastive tones. 

The tonal contrasts occur in both accented and unaccented sylla- 
bles in eight of  the nine languages. One language, Fasu, hastmw 
nal contrasts only on accented syllables. Apart from special ab- 
lotones, such as raised H or lowered L,. loudness and length (in 
consonant or vowel) mark the accented syllable. There are lan- 
guage-dependent rules for the distribution of  word and sentence 

accent. Word accent is  connected with the f i rs t ,  last or penul- 

timate syllable of  the stem. Sentence accent may fall on the last 
word accent or on any accented syllable, or i t  may have a sep- 

arate manifestation, added to the final syllable. In some of um 
languages downdrift i s  reported for statement and downdrift +13” 
glide for question. The prepause syllable has a special tonefiflg' 
tem for attitudes in two of  the languages. Glottal stop, expreS’ 

sing finality, belongs in one of  them, along with final-syllable 

upglide denoting politeness. 
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§EEQ$§Q° G. Bruce 
The author presents and modifies a model for Swedish intona- 

tion (Bruce and Gârding 1978) .  In this model the word accents 
(Al, A2) have been analysed as HL's  with similar but differently 
timed Fo-correlates. There are dialectal differences but the HL 
occurs later in A2 than in Al in all cases. Sentence accent is 
manifested as a wide pitch range with dialect-dependent distribu- 
tion rules. In the main dialect areas a separate H is  added af ter  
the word accent HL, in other dialects the wide range i s  obtained 
together with the accented syllable. Statement intonation is ex— 
pressed as a progressing downdrift of H ' s  and L ' s .  The author 
argues that the Fo drop has a stepwise rather than a gradual down- 
dri f t .  The downsteps cooccur with the accented syllables. Sen— 
tence intonation, then, has a systematic influence on Fo-values 
o f  H ' s  and L ' s  with higher values for earlier positions in the 
utterance. 

Danish. N. Thorsen 
A descriptive model of sentence intonation in Copenhagen 

Danish is presented. It does not- take account of the word accents, 
st¢d (Al) and non—stod ( A 2 ) .  Sentence intonation is defined a s  a 
line described by the pitch of the accented syllables. An accented 
syllable and the following unaccented ones form a stress group in 
which the accented syllable is low in pitch and the unaccented 
syllables rise above and fal l  below the sentence-intonation line. 
This line is  steeply falling for declarative sentences and level 
for unmarked questions. Sentence intonation has a systematic in— 
fluence on the Fo course in the stress groups, in that the r ise 
from stressed to unstressed syllable is larger in questions than 
in statements. The author rejects sentence accent but accepts 
emphatic or contrastive stress with manifestations common to  many 
languagesr a raising of pitch on the emphatic syllable at the ex- 
Pense of  surrounding accents,  i . e .  shrinking of  pre—emphatic and 
deletion of  post-emphatic pitch movements in connection with accents. 
Dutch. ' t  Hart and R .  Collier 

Each word has a lexical accent whose location can be predicted 
by rule. Under the influence of  intonation it may be manifested 
as pitch movement. The authors study the interaction between in- 
tonation and accentuation. Two principles are discussed. Accord- 
ing to the f irst, the overall pitch contour is obtained by adding 
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autonomous accentual pitch movements to autonomous pitch movements 
associated with sentence type, such as downdrift (declination) for 

statement and downdrift plus final upglide for question. This is 
re jected in favour o f  a second principle according to which the 
accents only determine the location o f  the pitch movements. Their 
nature ( r ise ,  fa l l ,  e t c . )  and order are determined by the chosen 

intonation pattern. 

Czech. P .  Janota 

Janota reports on a series o f  tests with bisyllabic synthetic 

stimuli. When both syllables have the same pitch value, the first 

is judged as accented 85% o f  the time. A small increase or de- 

crease o f  Fo in the second syllable raises the number o f  accent 

votes for this syllable from 15 up to about 6 0 % .  With a larger 

change of  Fo,  the number o f  such votes goes down. Responses to 

similar items, used to evaluate sentence intonation, show that 

precisely the stimuli with the large Fo deviations are effect ive 

cues to intonation. Stimuli with a moderate or substantial in- 

crease of  F0 are judged as continuative statements and questions, 

respectively, and those with a decrease of  Fo as statements. 

Suggested points for discussion 

1. Universality of  prosodic units 

I t  may be fruitful to accept different degrees o f  universaliqh 

e . g .  universal for similar function and similar acoustic correlauæ 

for all languages, and near—universal for corresponding conditions 

in almost all languages. As a third degree I suggest generality, 
requiring similar function, similar acoustic correlates and many 

languages. 

Sentence intonation is a universal. This may be considered as a 

postulate. On the other hand, the contributions to this symposimn 

and other communications show that statement intonation expressed 
as downdrift is merely a generality. The same holds for question 

intonation expressed as an absence of downdrift (Thorsen, William' 
s o n ) .  

Is sentence accent a universal? Is the lack of  sentence accent in 

the description of  some languages (Thorsen, Williamson) due to amp 
possibilities in these languages to express deictic function at 
the sentence level in a non-prosodic way? Or i s  their description 

an artefact due to difference of analysis and tradition? 

’ GÀRDING 379 È 

2.  Principles for the analysis o f  the interaction between sentence 

prosody and word prosody. In recent work on Swedish intonation, 

basic forms of prosodic units have been isolated, after a phono- 

logical analysis, and rules for their combinations have been for- 

mulated (Bruce). 
ouœn'methods have also been mentioned. Is i t  possible to find a 
common framework applicable to all prosodic systems? 

3.  Universal features in the interaction between sentence prosody 
and word prosody. 

' t  Hart and Collier demonstrate that for Dutch, sentence intona- 
tion is primary to word prosody. Is this a universal feature i f  

we take primary in the following sense: In production sentence 

pmosody precedes and sets the scale for word prosody. On the other , 

hand, the degree to  which word prosody interferes varies from very ' 

little as in Czech to  something quite drastic as in Thai. Dutch 

seems to occupy an intermediary position and a 2—accent system 

like Swedish or Danish is closer to Thai. 

Tone rules are a formal convenient way of expressing both co- 

articulation and the influence of  sentence prosody on word prosody 

(see e.g.  Williamson and her references). How universal are the 
tone rules? 

4 .  Additional questions 
Accent or Tone. In her description of  various tonal languages 

like mentions one, Fasu, which has tonal contrasts (H,  L)  only on 

stressed syllables. What is the difference between a tonal lan- 

guage like Fasu and an accent language like Swedish in which the 

stressed syllables in some analyses (e.g.  Malmberg) also have been 
represented by H versus L? 
Accents and accents. Are there different physiological mechanisms 

behind different kinds o f  accent, e . g .  the small pitch movements 

noted in Czech (Janota) and the larger ones typical of Germanic 

languages (Bruce, Thorsen, ' t  Hart and Col l ier) .  Or are they 

nœrely weak and strong manifestations of the same phenomenon? 

Note 

TWO books have just come out which may be relevant for the discus- 
sion: 
Fr°mkinp'V. (ed.)  ( 1 9 7 8 ) :  Tone. A Linguistic Survey, Academic 

Press. 
Greenberg, J.  ( ed . )  ( 1 9 7 8 ) :  Universals o f  Human Language. Vol- 

ume 2 .  Phonology, StanfordiUniversity Press. 
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LEXICAL TONE AND SENTENCE PROSODY IN THAI 

Ar thur  S .  Abramson, U n i v e r s i t y  o f  Connec t i cu t ,  S t o r r s ,  Connect i -  
c u t ,  U . S . A .  and Hask ins  L a b o r a t o r i e s ,  New Haven,  Connec t i cu t JLS .A ,  

B a c k g r o u n d  

In  a t rue  t o n e  l a n g u a g e ,  one i n  w h i c h ,  i n  p r i n c i p l e ,  every 
s y l l a b l e  i n  the  morpheme s t o c k  bears  a d i s t i n c t i v e  tona l  phoneme, 
the tones a re  c h a r a c t e r i z e d  p r i m a r i l y  by fundamenta l - f requency  
l e v e l s  and c o n t o u r s .  S i n c e  we a l s o  descr ibe  i n tona t i on  main ly  i n  
terms o f  the fundamental frequency (FO) o f  the vo i ce ,  there seems 
t o  be a paradox i n v o l v e d  i n  examin ing  the r e l a t i ons  between sen- 
tence prosody  and word p rosody  i n  a tone l anguage .  As i n  o ther  
languages so a l s o  i n  tone languages i s  there the p o s s i b i l i t y  o f  
e x p r e s s i n g  a t t i t u d e s  o r  i n d i c a t i n g  c e r t a i n  a s p e c t s  o f  s yn tac t i c  
s t r uc tu re  by means o f  sen tence  i n tona t i on .  The ques t i on  a r i ses  
as t o  whether  the e f f e c t s  o f  t h i s  sentence i n t ona t i on  are  s t rong 
enough t o  weaken o r  even des t roy  the phone t i c  i n t e g r i t y  o f  l e x i -  
ca l  t o n e s .  

The c i t a t i o n  fo rm o f  a monosy l l ab i c  word  may be v iewed as 
bea r ing  the i d e a l  m a n i f e s t a t i o n  o f  a tone.  Of  c o u r s e ,  excep t  for  
the o c c a s i o n a l  one-word sen tence ,  t hese  i dea l  fo rms do n o t  o f ten  
occur  i n  runn ing  speech ,  ye t  ch i l d ren  i n  the cu l tu re  probab ly  
l e a r n  new words t h i s  way,  and so do a d u l t s  i n  a fo re ign - language  
c l a s s .  Once we have two o r  more tone-bear ing s y l l a b l e s  s t rung 
toge the r ,  we e x p e c t  pe r tu rba t i ons  th rough  c o a r t i c u l a t i o n .  The 
f i na l  p h y s i c a l  shap ing  o f  a tone  i s  p rov ided  by the i n t ona t i on  
on the u t te rance  ( P i k e ,  1948 ,  18 -19 ) .  
The Tones o f  Tha i  3 

The ideal shapes of the tones of Standard Thai (Siamese) _ É 
have been d e s c r i b e d  e lsewhere  (Abramson, 1 9 6 2 ;  E r i c k s o n ,  1974) .  . 
I t  i s  u s e f u l  t o  d i v i d e  the  f i v e  d i s t i n c t i v e  tones o f  the language 
i n t o  the "dynamic "  c l a s s ,  compr i s ing  the  f a l l i n g  and r i s i n g  tones, 
and the " s t a t i c "  c l ass ,  comprising the h igh,  mid and low tones. 
The dynamic t ones  show r a p i d  movements o f  F o ,  w h i l e  the  s t a t i c  
tones show ra the r  s low  movements wh ich  sometimes approx imate 
l e v e l s .  Of  the th ree s t a t i c  tones i t  i s  the m i d  tone tha t  i s  
mos t  l i k e l y  t o  appear o c c a s i o n a l l y  as a l e v e l .  The h i g h  tone i s  
more l i k e l y  t o  be seen as a r i s e  h igh  i n  the v o i c e  range i n  con- 
t ras t  w i th  the low r i se  o f  the r i s i ng  tone. The low tone i s  
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l ikely to  appear as a low f a l l  i n  cont ras t  w i th  the high f a l l  o f  

the f a l l i n g  tone.  

Two types o f  p h o n e t i c  c o n t e x t  pe r tu rb  the idea l  shapes o f  

the tones .  V o i c e l e s s  i n i t i a l  consonants  induce a h ighe r  s t a r t  o f  

the Fo contour ,  w h i l e  v o i c e d  i n i t i a l  consonants  induce a lower  

s ta r t  (Gandour ,  1974 ;  E r i c k s o n ,  1 9 7 4 ) .  T h i s  k i n d  o f  pe r tu rba t i on  

seems t o  have l i t t l e  e f f e c t  on the phone t i c  i n t e g r i t y  o f  the f i v e  

tones,  a l t hough  i t  may s e r v e  as a supp lementary  cue t o  the v o i c i n g  

state o f  the i n i t i a l  consonant .  I t  has been argued by h i s t o r i c a l  

l i ngu is t s  ( L i ,  1 9 7 7 ) ,  w i t h  some p e r c e p t u a l  suppor t  f rom recen t  

experiments on Thai (Abramson and Er ickson,  1978), that through 

the phonemic iza t ion  o f  t h e s e  p e r t u r b a t i o n s ,  the tones o f  P ro to -  

Tai i nc reased  from three t o  the p resen t -day  s e t s  o f  f i v e  o r  more 

in  the modern languages o f  the  fam i l y .  

The phone t i c  con tex t  t ha t  causes g rea te r  d e v i a t i o n s  f r om the 

ideal tonal  s h a p e s , i s  tha t  o f  ne ighbo r i ng  tones .  In  a s e r i e s  o f  

tones spoken w i t h o u t  p a u s e s ,  tona l  c o a r t i c u l a t i o n  o c c u r s .  Al— 

though phys io l og i ca l  s t u d i e s  o f  Tha i  tones (E r i ckson ,  1976) have 

ye t  t o  be ex tended t o  sequences,  we can i n f e r  f rom a c o u s t i c  e v i -  

dence (Abramson, 1979) t h a t  t h i s  k i n d  o f  c o a r t i c u l a t i o n  i s  mani-  

fes ted through the o v e r l a p  o f  the e f f e c t s  o f  motor  commands f o r  

the control o f  the laryngeal  tensions and aerodynamic forces used. 

Two sequen t ia l  e f f e c t s  must  be d i sc r im ina ted  f rom tona l  c o -  

a r t i cu la t i on .  F i r s t ,  c e r t a i n  uns t ressed  CV s y l l a b l e s  w i t h  s h o r t  

[a ]  which have l o w  o r  h i g h  tones i n  c i t a t i o n  form are norma l l y  

toneless i n  running speech.  Another  v iew i s  tha t  the h igh  and 

low tones on these sy l l ab les  are neut ra l i zed,  and the resul t ing 

p i tch  i s  ass igned  t o  the m i d  tone .  T h i s  conc lus ion  i s  handy f o r  

t ranscr ip t ion ,  bu t  the phys i ca l  ev idence  sugges ts  i n s tab i l i t y  

with F0 values dominated by the contours o f  the neighboring l e x i -  

cal tones. The other sequential  e f f e c t  t o  be excluded from con- 

s idera t ion  i s  tona l  s a n d h i .  The phono logy  o f  the language d i c -  

tates that  when ce r ta i n  k i nds  o f  morphemes are con jo ined t o  form 

c°mpound w o r d s ,  the l e x i c a l  tone o f  one o f  the morphemes i s  re -  

Placed by another  tone.  
ägntence In tona t i on  and Tones 

As one l i s tens t o  spoken Tha i ,  whether i t  be an animated con— 

versation or a phlegmatic technical  explanat ion,  i t  becomes c lear 

that i n  add i t i on  t o  emot ional  s t a t e s  such l i n g u i s t i c  fea tu res  as 
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sen tence  a c c e n t  and s i g n s  o f  m a j o r  s y n t a c t i c  b reakpo in t s  can be 
exp ressed  p r o s o d i c a l l y .  The d i s t i n c t i o n  between a s t a t e m e n t  and 
a ques t i on  can a l s o  be exp ressed .  In  my p resen t  approach t o  the 
t o p i c ,  I must  l e a n  ma in l y  on my own e x t e n s i v e  a u d i t o r y  bu t  lhfi ted 
i ns t rumen ta l  o b s e r v a t i o n s .  as v e r y  few u s e f u l  i n s i g h t s  a re  found 
i n  the l i t e r a t u r e .  I t  wou ld  be h e l p f u l  i f  n a t i v e  Tha i  l i n g u i s t s  
o r  phone t i c i ans  gave more a t t e n t i o n  t o  t h e  m a t t e r .  

As a d a t a  base f o r  such o b s e r v a t i o n s , a s  I am ready t o  make, 
I have used two k i n d s  o f  speech m a t e r i a l .  One i s  a conversa t ion  
between two Tha i  adu l t s  o f  about one minute i n  l e n g t h ,  recorded 
by J .  Marv in  Brown f o r  a t e x t b o o k  p u b l i s h e d  by t h e  American Uni- 
v e r s i t y  A lumni  A s s o c i a t i o n  Language Cen te r  i n  Bangkok,  Tha i land .  
The o the r  i s  a monologue r e c o r d e d  by me o f  t h e  dean o f  a f acu l t y  
a t  a u n i v e r s i t y  i n  Bangkok;  speak ing  f o r  a b i t  more than  a minute. 
he t a l k s  about  a new academic .p rogram.  

Computer - implemented a n a l y s i s  y i e l d e d  d i s p l a y s  o f  root-mean- 
square ampl i tude, wave forms. and F0 contours. Cepstral analysis 
was used t o  e x t r a c t  the fundamental  f requency.  A sample s e t  i s  
shown i n  F i g .  1 f o r  the  female  speaker  i n  the d i a l o g u e .  H e r e , b y  
the  way ,  can be seen an example o f  tonal  c o a r t i c u l a t i o n .  The 
phrase  Indh bdan/ ' i n  f r o n t  o f  the house '  b e a r s  two  f a l l i n g ' u m e m  
The F0 o f  the f i r s t  one does no t  f a l l  as f a r  as the  second;  th is  
p resumably  f a c i l i t a t e s  the  r e s e t t i n g  o f  the l a r y n x  f o r  the  sharp 
r i s e  and f a l l  o f  t he  second f a l l i n g  tone.  

To hand le  the  non-emot i ve  aspec t s  o f  sen tence  prosody i n  
T h a i ,  my examina t ion  o f  the  p resent  corpus o f  u t t e r a n c e s ,  re in -  
f o r c e d  by the arguments o f  R u d a r a v a n i j a  ( 1 9 6 5 ) ,  l e a d s  me t o  pos i t  
three termina l  j unc tu res :  r i s i n g  p i t c h ,  sus ta ined  p i t c h ,  and 
f a l l i n g  p i t c h .  These junc tu res  f unc t i on  a t  c l a u s e  ends and sen- 
tence ends .  They may a l s o  f unc t i on  wherever  the speaker  pauses. 
The p resence  o f  a j unc tu re  a f f e c t s  the phone t i c  shape o f  the l ex -  
i ca l  tone on the l a s t  one or two sy l l ab les .  The r i s i ng  and fa l -  
l i n g  junctures are l i k e l y  to  appear at the end o f  a breath group. 
In e a r l i e r  work (Abramson, 1962) I a l s o  p o s i t e d  two p i t c h  reg is -  
t e r s ,  h igh  and no rma l .  as un i t s  f o r  Tha i  i n t o n a t i o n .  I now doubt 
the re l evance  o f  such r e g i s t e r s  f o r  the  non—emotive aspects  o f  
sen tence  p rosody  i n  the  language .  Indeed,  t o  cap tu re  emot ive 
p rosod ic  v a r i a t i o n ,  a somewhat more e labora te  scheme m igh t  be 
needed. Although. as shown by Noss (1972) and Thongkum (1975): 
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rhythmic  f a c t o r s  p l ay  a r o l e  i n  Tha i  sentence p rosody ,  they are 
e x c l u d e d  he re  because o f  the scope s e t  by the o r g a n i z e r s  o f  the 
Congress.- 

Henderson (1949)  has argued t ha t  a s i d e  f rom the genera l  mehr 
d i c  l i n e  o f  T h a i  i n t o n a t i o n ,  the " sen tence  tone“  as a whole i s  
ma in ly  determined by the s p e a k e r ' s  c h o i c e  o f  p a r t i c l e s ,  most o f  
them f i n a l  p a r t i c l e s .  She desc r i bes  seven such sen tence  tones .  
W i thou t  en te r i ng  i n t o  the q u e s t i o n  o f  how many sentence tones 
there  m igh t  b e ,  I can a t  l e a s t  say  t ha t  these  p a r t i c l e s ,  which 
i n d i c a t e ,  e . g . ,  the sex o f  the speaker  and someth ing  about the  
s o c i a l  r e l a t i o n  between the speaker  and the h e a r e r ,  a re  pr ime 
c a r r i e r s  o f  t he  terminal  junc tu res .  Each p a r t i c l e  as a l e x i c a l  
i tem has a tone o f  i t s  own i n  c i t a t i o n  form; t h i s  tone i s  usua l l y  
p red i c tab le  f rom the s p e l l i n g .  I doub t ,  howeve r ,  t ha t  i n  running 
speech these  " l e x i c a l "  tones  have any s t a n d i n g .  The ac tua l  p i t ch  
imposed on a p a r t i c l e  o r ,  somet imes,  a sequence o f  two p a r t i c l e s ,  
seems t o  be determined by the in tona t ion  o f  the  who le  sentence 
cu lmina t ing  i n  a terminal  j unc tu re .  The r esu l t i ng  " t o n e s "  on 
these  p a r t i c l e s  can sometimes be a l i g n e d  w i th  the l e x i c a l  tones 
o f  Tha i  phono logy  b u t  more o f t e n  they a re  dev ian t ;  some l i n g u i s t s ,  
apparent ly  i n  the  g r i p  o f  the v i e w  t ha t  every  Tha i  s y l l a b l e  must 
bear  a phonemic t one ,  f e e l  const ra ined to  w r i t e  each p a r t i c l e  
w i t h  one o f  the f i v e  tones .  

In  bo th  c o l l o q u i a l  and formal  d i scou rse ,  many a sentence con- 
t a i n s  no p a r t i c l e s ,  so the terminal  junctures appear  on t he  f ina l  
word o f  the clause or sentence. F ig.  1 shows such an e f f e c t .  
The f a l l i n g  tone  on [ jdn] ' g r a s s '  a t  the end o f  the sentence i s  
considerably lower both a t  i t s  h igh point  and low point  than the 
two f a l l i n g  tones a t  the beg inn ing .  Even the r i s i n g  tone j u s t  
be fo re  i t  on ISQndam/ ' f i e l d ‘  does n o t  r i s e  t o  a po in t  much higher 
than the immediate ly p receed ing  m i d  tone  on lpen/ ' b e ' .  Wi th  
such a s h o r t  u t te rance  i t  i s  hard t o  dec ide  whether  we have a 
f i na l  f a l l i n g  juncture on the compound word fo r  ' l a w n '  or a f a l l -  
i n g  i n tona t i on  contour  on the whole sentence.  

Sentence accent  i s  m a n i f e s t e d  by one o r  more o f  the f o l l o w -  
i n g  f a c t o r s :  ( 1 )  l eng then ing  o f  the s y l l a b l e ,  ( 2 )  a tonal  con- 
tour that  approaches the form o f  the ideal  tone,  and (3 )  an in - "  
crease i n  ampl i tude.  In the sentence i n  F i g .  l the f i n a l  sy l l a -  
b l e  appears to  bear  the sentence accen t ,  us ing  fac tors  ( 1 )  and 
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(2).  In the phrase /naa baan/ a t  the beginning o f  the sentence. 

the second sy l lab le i s  s t ressed,  using fac to rs  (1) and ( 3 ) ;  the 

amp1itude trace is f1attened at the top of the avai1ab1e 20-dB 
range, ind ica t ing sa tu ra t ion .  

The po in ts  made so fa r  have been descr ipt ions o f  gross Fo 

contours.  A prob lem i n  i n t ona t i on  a n a l y s i s  i s  how t o  present  

quant i ta t i ve  da ta  t ha t  go beyond o v e r a l l  “ t u n e s . “  The p rosod i c  

const ructs  o f  the l i n g u i s t  o f t e n  e lude  the measur ing  d e v i c e s  o f  

the phone t i c i an .  W i t h  the  s imp le -m inded  ana l ys i s  f o r  non-emot i ve  

prosody i n t o  three termina l  j unc tu res  as a f ramework ,  I have made 

an i n i t i a l  t a b u l a t i o n  o f  f requency  movements f o r  such c lea r  exam- 

ples o f  terminal junc tu re  as I c o u l d  f i n d  i n  the corpus .  To pro-  

v ide fo r  reasonab le  compa rab i l i t y  o f  s p e a k e r s .  I t rea ted  f requency 

s h i f t s  a t  terminal  junc tu res  as pe rcen tages  o f  the v o i c e  r ange .  

The maximum and minimum FO v a l u e s  f o r  each o f  the three speakers  

are g i ven  i n  T a b l e  l .  A l though  the speech i n  both samples was 

T a b l e  l 
Vo ice  Range i n  Hz 

Dialogue Monologue 

Speakers: A* B* *  U.W.*  

Spread: 130-290 90-235 . 8 5 - 1 6 0  

Range: 160 145 75 

*Woman **Man 
calm, the nar rower  range f o r  the  monologue may no t  be due so  much 

to  the h a b i t s  o f  tha t  speaker  as t o  the ra ther  d i spass iona te  and 

thoughtfu l  na ture  o f  h i s  d i s c u s s i o n  compared t o  the more animated 

d ia logue.  
The juncture o f  sus ta ined  p i t c h  i s  genera l l y  found at  syn— 

tac t i c  breaks where the o v e r a l l  p i t c h  o f  the v o i c e  ne i ther  r i s e s  

nor f a l l s  b e f o r e  a b r i e f  pause ;  w i t h  or w i thou t  a pause ,  the 

f ina l  sy l l ab l e  i s  p ro longed .  I have used th i s  sus ta ined  p i t ch  as 

a neutral  re ference f rom wh i ch  t o  t r ack  the movements o f  the other 

tho ' junc tu res .  Examin ing both  samples by ear  and by eye ,  I a c -  

cePted as v a l i d  tokens o f  the th ree  junc tures  on ly  those ins tances  

that were qui te  unambiguous. This cautious procedure y ie lded the 

smal l  number o f  da ta  i n  T a b l e  2 .  The juncture o f  r i s i n g  p i t ch  

Signals su rp r i se ,  doubt  o r  a ques t i on .  (Ques t ions  can a l s o  be 

marked by means o f  p a r t i c l e s  and o the r  morphemes w i t h o u t  terminal  

rising pitch.) The terminal fa l l  appears at the ends of sentences 
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Tab le  2 
Average S h i f t  Through Vo ice  Range fo r  Terminal  P i t c h  Junctures 

R i s i n g  Sus ta ined  F a l l i n g  
% N % N % 

6 30 1 4  0* 27 25 
*Neut ra l  re fe rence  p o i n t .  

and some ma jo r  c l a u s e s .  The " s h i f t “  f o r  the s u s t a i n e d  p i t c h  i s  
s e t  a t  0% as a neu t ra l  r e fe rence  l e v e l ,  w h i l e  the o ther  two junc- 
tures are  en te red  as depa r tu res  f rom tha t  neu t ra l  l e v e l .  The data 
are averaged ac ross  t he  three s p e a k e r s .  None o f  the tokens  o f  
these junc tu res  happened t o  occu r  w i t h  the l o w  l e x i c a l  tone.  

Even away f rom the junc tu res  i n t o n a t i o n  has g rea t  e f f e c t s  on 
the r e a l i z a t i o n s  o f  the tona l  phonemes. I f  the i d e a l  forms o f  
the tones  have any p s y c h o l o g i c a l  v a l i d i t y ,  then the forms i n  the 
sample o f  runn ing  speech have undergone seve re  d i s t o r t i o n .  A fu l l  
accoun t  i s  beyond my r e a c h  he re .  A t  the  same t i m e ,  as I l o o k  at  
the con tou rs  and l i s t e n  t o  the speech ,  I f i n d  p r e s e r v a t i o n  o f  the 
f u l l  sys tem o f  f i v e  tones  i n  runn ing  speech .  T h a t  i s ,  the usual 
l i n g u i s t i c  scheme i s  n o t  an a r t i f a c t  o f  the fo rmal  ana lys i s  o f  
the l i n g u i s t  concen t ra t i ng  on c i t a t i o n  forms on ly .  Exc luded  from 
th i s  g e n e r a l i z a t i o n ,  however ,  must  be a l l  p a r t i c l e s  occu r r i ng  a t  
ma jo r  s y n t a c t i c  b r e a k s ;  they genera l l y  have t he i r  p i t c h  detemfined 
by the sen tence  i n tona t i on  w i t h o u t  the invo lvement  o f  l e x i c a l  
t ones .  Other  f requen t l y  used func t ion  w o r d s ,  such as models and 
pronouns.  o f t e n  undergo tona l  rep lacement .  
C o n c l u s i o n  

The phonemic tones  and sentence p rosod ies  o f  Tha i  i n t e rac t  
i n  a ra the r  c o m p l i c a t e d  f ash ion .  Three terminal  p i t c h  junctures .  { 
o f t en  occu r r i ng  on p a r t i c l e s ,  ca r ry  much o f  the i n t o n a t i o n .  Al— ÿ 
though the l e x i c a l  tones are much i n f l uenced  i n  t he i r  Fo move- 
ments by sen tence  i n t o n a t i o n ,  the con t ras t s  between them are pre- 
se rved  e x c e p t  f o r  c e r t a i n  sma l l  s e t s  o f  morphemes. Sentence pro- 
sody a l l o w s  f o r  sen tence  accen t .  As i n  non-tonal  l anguages .  i t  
i s  p o s s i b l e  i n  Tha i  t o  use p i t c h  junctures f o r  the d i f f e rence  be- 
tween s ta tements  and a t  l e a s t  some k inds  o f  q u e s t i o n s .  

Abramson, A .  S .  ( 1 9 6 2 ) :  The Vowels and Tones o f  S tandard  Thai: 
A c o u s t i c a l  Measurements and Exper 'ments ,  Bloomiigton. 
Indiana: Indiana U.  Res.  Center  ' n  An th ropo logy .  F o l k l o r e  
and L i n g u i s t i c s .  

ABRAMSON 387 

Abramson. A. S. (1979):  “The coar t icu1at ion  o f  tones: an acoust ic 
study o f  T h a i " ,  i n  Studies i n  Tai and Mon-Khmer Phonetics i n  
Honour o f  Eugen ie  J .  A.  Henderson ,  V .  Panupong, P .  K u l l a v a n i -  
says and T .  Luangthongkam (eds.), Bangkok: Ind igenous Langs .  
o f  T h a i l a n d  Res.  P r o j .  

Abramson, A.  S.  and D.  M. E r i c k s o n  ( 1 9 7 8 ) :  " D i a c h r o n i c  tone  . 
s p l i t s  and v o i c i n g  s h i f t s  i n  T h a i :  some percep tua l  d a t a ' ,  
Hask ins Labs .  S t a t u s  Repo r t  on Speech Research SR-53.  V o l .  
2 ,  85 -96 .  

E r i ckson ,  D.  ( 1 9 7 4 ) :  “Fundamenta l  f requency con tours  o f  the tones 
o f  S tandard  T h a i " ,  P a s a a . 4 ,  1 - 2 5 .  

Erickson, D. M. (1976):  A Physio logica l  Analysis o f  the Tones o f  
T h a i ,  Ph .D.  d i s s . ,  U n i v e r s i t y  o f  C o n n e c t i c u t .  

Gandour, J .  ( 1 9 7 4 ) :  “Consonant  types and tone i n  S iamese" .  JPh 
2 ,  337—350. 

Henderson, E. J .  A. (1949):  “Prosodies i n  Siamese: a study i n  
s y n t h e s i s “ ,  A s i a  M a j o r  N . S .  l ,  189-215.  

L i ,  F-K. (1977): A Handbook o f  Comparative T a i ,  Honolulu: U. 
Press o f  H a w a i i .  * 

Noss, R. B. (1972):  “Rhythm i n  T h a i " ,  in  Tai Phonetics and 
Phono logy ,  J .  G. H a r r i s  and R.  B .  Noss ( e d s . ) ,  33442, 
Bangkok: C e n t r a l  I n s t .  o f  E n g l i s h  Language. 

P i k e ,  K .  L .  ( 1 9 4 8 ) :  Tone Languages,  Ann A r b o r ,  M i c h . :  U .  o f  
M ich igan  P r e s s .  

Rudaravan i ja ,  Panninee ( 1 9 6 5 ) :  An A n a l r s i s  o f  the Elements i n  
Thai  tha t  Correspond t o  the B a s i c  In tonat ion  P a t t e r n s  of 
Engl ish. Ed .  D .  d i s s . ,  Teachers C o ' l e g e .  Columbia U .  

Thongkum, T.  L .  (1976):  “Rhythm i n  Thai from Another View P o i n t " .  
Pasaa 6 ,  144-158.  



_. 
:.

. 
"

3
‘

7
.

-
 

*
:

“
.

—
 

. 
v 

_ 

388 SYMPOSIUM No. 7 

WORD PROSODY AND SENTENCE PROSODY IN SWEDISH 

Gösta Bruce, Phonetics Department, Lund University, Sweden 

Introduction 

The present paper summarizes the research on Swedish prosody 
reported in Bruce (1977)  and Bruce and Gârding ( 1 9 7 8 ) ,  and also 

presents some new ideas concerning intonation in Swedish. The 
main topic is the relation between word accent, sentence accent 
and sentence intonation as signalled by Fo.  Our results suggest 

that observed Fo—contours typical of statements in four prosodi- 

cally distinct dialect types (see e . g .  Gärding 1975) represent 

the combined result of  one common sentence intonation command, 

similar word accent commands with different timings, and different 

sentence accent commands. 

Sentence accent 

In a prosodic typology for Swedish dialects combining word 
and sentence prosody (Bruce and Gärding 1978) we have shown how 
four prosodic dialect types (south, central, east and west) can 

be characterized mainly by differences in sentence accent. This 
is  illustrated in Figure 1, which shows Fo—contours o f  the sen- 

tence Man vi l l  lâmna nâra lânganummer (They want to leave some 

Länga—numbers). where the placement of  sentence accent has been 
varied. The two accented syllables (accent II) in the sentence - 

belonging to the verb and the nominal compound resPec t i ve ly -and  

the secondary—stress syllable in the compound are all.surrounded 
by unstressed syllables. We regard this form of  the sentence as 

optimal for revealing prosodic dialect differences, since the 
tonal commands can be developed freely with no obvious inter- 
ference from adjacent commands. 

In the south and central dialects. the sentence accent command 
appears to be superimposed on the word accent.command.(see Figure 
1 ) .  Sentence accent is signalled by a wider Fo-range for the wofii 
accent in focus than for the non-focal word accent. For south dûs 
wider range is  obtained in final position by raising the actual 

word accent peak, and in non-final position also by lowering the 
subsequent valley. For central, the wider Fo-range is achieved 
mainly by raising the word accent peak in focus both in finaliflfi 
non-final position. 

For east and west the sentence accent command comes after 
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man vill lämna nâra LANGANUMMER. 

— — — — —  man v i l l  LÄMNA nâra langanummer. 

140hz SOUIH 
120 . MALMO 
100 

80 

14° CENTRAL 
120 _ ""— DALARNA 

100 " "  " 
80 ä â u 

140 

120 

100 

80 

140 .. l s WEST 
120 V " '  \ GÖTEBORG 

100 _ _  .. ' 

80 
— — -  

à à u 

L___L___J 
O 200Ins 

Figure 1. The effect of the placement of  sentence accent. Fo- 
contours of  a sentence with two accented words (accent 
I I ) .  The line-up point (arrow).is at the CV-boundary of  
the second stressed syllable. Vertical bars indicate the 
CV-boundaries o f  the stressed syllables. Vowel segments 
are drawn in thick lines and consonant segments in thin 
lines. Focus is indicated by capital letters and non- 
focus position by small letters. 
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the word accent command. For east, this means the addition of a 

separate sentence accent peak immediately af ter  the word accen t j n  

focus. For a compound, however, the second peak is  postponedïnmil 

the secondary—stress syllable. The Fo—peak may become a plateau, 

since in final position Fo will stay on a high level until the 
utterance-final syllable and in non—final position until the 

following accented syllable. 

For west, the addition of a sentence accent peak in final 

position occurs in the utterance-final syllable independently of 
the prosodic structure of the word in focus. In non—final positkm 
sentence accent is signalled by both lowering the valley after 

the word accent in focus and raising the peak of the post-focal 

word accent, i . e .  by a wider Fo-range af ter the word accent in 

focus. 
This means, in summary, that sentence accent is  characterized 

by a wide Fo-range in a l l  dialect types. In south and central 

this wide range cooccurs with the word accent in focus, while in 

east and west it occurs with a time lag. 
Word accent 

When the contribution of sentence accent to the Fo-contour 
has been isolated, the word accents appear more clearly. Figure 2 

shows Fo-contours of  the two word accents (accent I and accent In 

in a non-focal position. It appears that for each dialect type 

the word accent distinction is signalled mainly by the different 
timing of the word accent peak relative to the stressed syllable 
( c f .  Haugen 1 9 4 9 ) .  The relative timing difference with accent I 

always preceding accent II i s  common to all dialects, but the 

absolute timing of the word accent peaks varies with dialect. The 
order of timing between dialects from the earliest to the latest 

absolute timing of  the word accent peaks is  east, west, south ami 

central (see Figure 2 ) .  For east ,  at the one extreme, the accent 

I-peak appears as early as in the pre-stress syllable, while for 

central, at the other extreme, it occurs in the final part of  the 

stressed syllable. The accent II-peak occurs for east in the 
initial part o f  the stressed syllable and for central in the post- 
stress syllable. The timing of the word accent peaks for west and 
south fal ls in between these two extremes. 

'Sentence intonation 

While the dialect-specific features of  Swedish intonation 

l’"—
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ACCENT I längre 

_ _ _ _ _  ACCENT II lânga 

SOUTH h CENTRAL 
140“! ' 140 z l 

120 ' "" 120 J’ ‚ _  "' , ‘ , 5 100 " s‘ 100 

80 80 

EAST 

140 140 
120 ) 12° 

\ « \ 100 100 __ \ ,; 
80 ' 80 . | __: 

0 ZOOmS 

figure 2 .  The word accent distinction in non-focal position. Fo- 
contours of  accent I and accent II before focus. The 
line-up point is at the CV-boundary of  the stressed 
syllable. 

are mainly found in the Fo-correlates of  word accent and sentence 

accent, certain aspects of sentence intonation seem to be inde- 

pendent of dialect. Here only statement intonation will be treated. 

But it appears that also the main features of question intonation 

are more or less dialect-independent (see Gârding forthcoming). 

A characteristic feature of  sentence intonation in many 

languages of the world is the downdrift of Fo over the course of 

an utterance, also referred to as  the declination ef fect  (see e.g.  

Cohen and ' t  Hart 1 9 6 7 ) .  This means, in general, that Fo is higher 

in the beginning than at the end of an utterance with each Fo- 

peak and Fo valley being lower than the preceding one. In Swedish 

the topline connecting successive peaks o f  an utterance appears to 

decrease at a faster rate than the baseline connecting successive 

valleys, which means that the Fo—range is also gradually decreas- 

ing. This Fo-downdrift is found in English and Danish, too (see 
Breckenridge 1978, Thorsen 1 9 7 8 ) .  

A model was proposed in Bruce and Gârding (1978) to account 

for the main features of  sentence intonation in Swedish. In my 

experience it is not typical o f  the Fo-downdrift in Swedish to be 



;"! '.1; 

!. 
392 SYMPOSIUM No. 7 BRUCE 393 

_
.

-
 

_
.

.
_

_
_

l
.

‚
_

.
_

‚
.

.
.

‚
.

.
.

'
‚

_
 

evenly distributed over an utterance. The total Fo-drop in an!“? man vill lämna nära länga NUNNOR. 

terance for a given speaker appears to be the same. however, re— — — — — —  man Vill lëmna nâra LêNGA nunnor. 

gardless o f  the length of the utterance. The actual course o f t m e  . . . . . . . . . .  man vill LÄMNA nära lânga nunnor. 

Fo—downdrift in an utterance seems to be dependent on severa l ihc-  
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sentence Man vi l l  lämna nära lànga nunnor (They want to leave ame 

tall nuns) containing three accented syllables (accent II) with 

varying placement o f  sentence—accent. 

The Fo—drop appears to have a stepwise and not gradually 

decreasing course. The downstep takes place in connection with 

.“ the accented syllable. In unaccented syllables before and a f te ra  . 14o 
? word accent there is no systematic downward slope. ! 120 

I t  will be assumed that the basic sentence intonation cmmmmd ' 

(statement intonation) has a stepwise decreasing course with a 

successive narrowing of  the range. Sentence accent normally inun- 

feres with sentence intonation, introducing a break into the % _ i 
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; basic pattern (see  Figures 1 and 3 ) .  This may a f fec t  the course i . EAST ! 
! ! o f  the topline as well as that of the baseline depending on the A 140 ! ‚ _  ! 

EL ! dialect. Before focus the Fo-drop and the narrowing of the F0- 120 .“ "„„„,„„. \ j 

!; range of the word accents appear to be relatively gentle. After f 
; 10° tu,-.dll“; ! g; focus, however, it usually decreases more rapidly, with a con-a 80 , ,  , j 
i" C ‘ s - n .  ':  

' siderable narrowing of  the Fo-range. ""—"""". E: 
a â u 

As a consequence of  the Fo-downdrift there is  a position- . ' ' 

dependent variation of  word accent and sentence-accent. A word- ! 

accent in the beginning of  an utterance has higher Fo-values for ? 140” ! 
-L peak, valley, and range than at the end (everything else being ! 120 ! 
f !  equal). Also the corresponding sentence accent values tend to ? 100 I 
"“ decrease with position in the sentence. 
; ;  Conclusion 80 
“ Ï  Sentence intonation (statement intonation) in Swedish can.be _ ä â u } 

represented independently of dialect by a stepwise decrease of ma - ! 

taking Place in connection with the word accents and affecting ä__'L__Eäonw. ; 
peak, valley, and range values. This downdrift pattern will often ! 

ä be locally disturbed by sentence accent introducing a break into Figure 3 .  Downdrift in Swedish — the combined e f fec t  of staäemenä ' !  

a 
§ {  the downdrift is linguistically controlled rather than a conse- words (accent I I ) .  The line-up point is a t  the CV- 

“ ! ;  quence of some peripheral production constraint. Instead it can boundary Of the second stressed syllable. 
@; f. be assumed to be built into the intonation system. 
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ON THE INTERACTION OF ACCENTUATION AND INTONATION IN DUTCH 

J .  ' t  Hart and R .  Collier, Institute for Perception Research, 

P .  Box 513 ,  Den Dolech 2 ,  Eindhoven 5612 AZ ,  The Netherlands 

Introduction 

The general aim o f  this symposium is  to track down universal 

features concerning the relation between word prosody and sentence 

prosody, with the exclusion of  durational phenomena. We will pre- 
sent our viewpoints about the relation at  issue in as far as we 

have been confronted with i t  in our experiences with Dutch intona- 

tion and accentuation. 

Dutch intonation lacks the occurrence o f  "tonemes". Therefore, 

on the level o f  the word, we can limit our discussion to phenomena 

of  "lexical accentuation"; on the level o f  the sentence we have 

to discuss “sentence accents" and “intonation". On the latter 
level particular problems may arise as regards the interaction o f  

accentuation and intonation. In fact,  sentence accents manifest 

themselves as "pitch accents" on words or syllables, whereas into- 

nation patterns are realized as "pitch contours" extending over 

entire utterances. în other words, two aspects of sentence prosody 
are interwoven in the same phonetic variable, v iz.  the variation 

of Fo (or pitch) as a function of  time. 
In the literature, the problem o f  the interaction between 

accentuation and intonation is  coped with in a number o f  ways, 
nwst o f  which share the assumption that the overall.pitch contour 
can be considered simply as the gum, or the linear addition, of  
the variations of  FO associated with_accentuation and those asso- 
ciated with intonation. we will confront this assumption with a 
number o f  phenomena as observed in Dutch. 
Word prosody 

In Dutch, each word is  said to possess a lexical accent. In 

Polysyllabic words the location o f  this accent is not fixed but, 
in principle, i t  can be predicted by rule. 

Lexical accents may be considered as abstract features on the 
level o f  word phonology. A subsequent and separate problem is to 
SPeCify when and how these lexical accents manifest themselves 
Phonetically. 

I f  we take, for example, the word Amerika (America), we find 
a lexical accent on the second syllable. When this word is  spoken 
in isolation, as a one-word utterance, a listener will hear the 

': 
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second syllable as prominent. Acoustic measurement o f  the utter— 
ance will reveal substantial changes o f  Fo (hereafter referred u; 
as "pitch movements") on the second syllable: a r ise, a fal l ,  or 
a combination o f  the two. These pitch movements may be considered 
a phonetic correlate of  the lexical accent, since it can be shown 
experimentally that their deletion or displacement causes prom- 
inence judgments to change accordingly. That pitch movements are 
ef f ic ient  cues for prominence is not surprising i f  one realises 
that, psycho-acoustically speaking, onlyaa few percent change of 
Fo is sufficient to be supraliminal, whereas in actual speech Fo 
changes are observed that are eight to ten times as large as 
these threshold values. 

At  this point we may conclude that lexical accents in one- 
word utterances are realized (among other things) by means o f  
pitch movements: r ises ,  fal ls, or combinations o f  both, appamæüfiy 
without a particular preference for any of these various possibib- 
ities. 

Since a one—word utterance is an utterance all the same, we 
may as well extend the discussion to longer utterances with one 
or more accents. 

Sentence prosody 

In the introduction we have already mentioned that on the 
level o f  the sentence, pitch changes correlate with both accentua- 
tion and intonation. On the linguistic level these categories an: 
easily kept apart, but on the phonetic level the distinction may 
become blurred to the extent that the observable pitch changes 
can be associated with either o f  the two categories (or with boflflo 
One would therefore like to sort out how accentuation and intona- 
tion interact in shaping up the ultimately observable course of  
the pitch in concrete utterances. 

Let us illustrate this problem with the following example- 
The Dutch sentence Hij  is naar Amerika geweest (He has been to 
America) may be pronounced with one accent, v iz .  on the syllable 
:mg: of Amerika. Again, Fo measurements will show pitch movements 
on that syllable, e . g .  a r ise—fal l  combination. Of course, a 
sufficiently refined FO measurement will also reveal changes on 
other syllables than the accented one, but experiments with arti- 
f icial, stylized pitch contours show that such changes are not 
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nflevant to the perception o f  either accentuation or intonation. 

nlthe example below, the stylized rise-fall may be preceded and 

flfllowed by a gradual downward running movement o f  pitch (the 

arcalled "declination"). This is sufficient to make the contour 

prosodically well-formed. 

_ _ . —  
_ ,  

H i j  is naar Amerika geweest 

The essential shape o f  the pitch contour of this example 

mnmoborates our prior suggestion that, phonetically, no distinc— 

1flon can (nor has to be)  made between the realization o f  a lexical 

accent in a one-word utterance and the realization o f  a single 

mxænt in a longer utterance: both may manifest themselves in the 

flnmlof the same pitch movement(s). In both cases the pitch move- 

nents are the phonetic correlate o f  the accent inasmuch as their 

Œfletion or displacement has consequences for the perception o f  

prominence. 

Primacy o f  accentuation 

Let us now consider one possible explicit formulation o f  the 
puinciple that the.overall pitch contour is obtained by a linear 

addition o f  the accentual and intonational requirements. The 

puinciple would then be phrased as fo l lows : '  

Pl Those pitch movements that co-occur with prominent syllables 
are entirely and exclusively related to accentuation, the 
remaining pitch movements o f  the contour are associated with 
intonation. 

How would Pl account for the pitch contour o f  Hij is naar 
Eggflka geweest? BI might relate either the rise or the fall to 
accentuation and the other pitch movement (plus the declination) 
uaintonation: or P1 would assign the rise—fall combination to 
accentuation, in which case there would be no particular intona— 

tion (except for the declination). 
The sentence Ëlj is naar Amerika geweest may also be pro- 

nounced as follows: 

_ _ _ —  

_ _ _ —  

Hi j  is naar Amerika geweest 

In this instance, P1 would assign the final rise to intonation, 
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Variant: since it does not lead to an additional accent. 
Let us now turn to another, more complicated Dutch specimen 

sentence, with variants o f  accentuation and intonation. These 

Variants are listed in Figure 1.  They all refer to possible ways 

ofintonating the sentence Grootmoeder gaat met de kinderen naar 

pool) .  
In variant 1 the syllables groot— and zwem— are to be accented. 

'flfis can be brought about by having the pitch go up on the syl- 
lable groot- and down on the syllable zwemr. 

Since, apparently, i t  is possible to produce accent by a 

I/f-———— het zwembad (Grandmother goes with the children to the swimming- 

nere rise or fal l ,  we might examine the case o f  variant 2,with a 

fall on the syllable groot- and a rise on the syllable zwemr. ———\\\_____—________//A\\___. Such a contour can easily be constructed and made audible by 
means o f  a speech synthesizer or an Intonator. I t  appears that 

.\_‘________’//- ___‘\\___- the contour o f  variant 2 sounds unacceptable to Dutch ears. This 
neans that the choice o f  the kind o f  pitch movement that has to 

ü__\————_____________\\_———. P1, then, is unsatisfactory since i t  does not account for 

the choice o f  the accent lending pitch movements. There is nothing 
ü ï t h e  nature o f  the accents themselves that would predict this 

fi__;////_\\ choice. So, our suggestion is that the choice of the kind of 
accent-lending pitch movements is subordinate to the kind of 

10 This suggestion o f  subordination is not reflected in the for- 
nmlation o f  P l .  On the contrary, P l  assumes a primacy in favour 

of the pitch movements needed for accentuation. A logical alterna- 

J///r _„__\\ tive would take the primacy o f  intonation as  a starting-point. 

Basing ourselves on this primacy, we will f i rst  formulate an al— 

intonation pattern that is to be realized. É 
An alternative: primacy to intonation É 
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determined by the position o f  the words that carry sentenmg 
s t ress ,  and more Specifically, by the position o f  the 

lexically accented syllable in each o f  these words. 
This formulation does not allow any movement to be entirely 

and exclusively related to accentuation. Therefore, the addition 
principle is  abandoned. . 

Returning to variant 1, we would, on the basis o f  P 2 ,  inter- 

pret i ts  pitch contour as follows: the intonation pattern which 
is realized consists essentially of an accent-lending rise and m1 
accent-lending fal l ,  in that order; their locations are in accent 
ance with the accentual demands. 

We will now check whether such an account would also be 
applicable to other accentual and (or) intonational variants. '  

P2 would predict that i f  the accentuation requirements Chane, 
the only changets) will be in the location of the accent-lending 
pitch movements. Suppose, for instance, that the same intonation 

pattern as in variant 1 i s  used, but that instead o f  the syllable 

zwem-, the syllable EEE: has to be accented. P2 will predict a 

rise and a fall in that order, the rise on groot- and the f a l l c m  

ËÂEZ- This gives rise to variant 3,  which is indeed a possible, 
and well—formed contour. 

A special case is provided in sentences with only one accent. 

I f  sti ll  the same intonation pattern is to be used, then the rims 

and the fall must necessarily coincide on the one accented syllwfle. 

This accounts for the example H i j  is naar Amerikaggeweest. 
Yet another illustration of  the same intonation pattern wifll 

different accentuation is shown in variant 4 ,  where three accents 
are a t  stake. In such a case, the introduction o f  one additional 

accent-lending pitch movement would in principle be sufficient. 
However, since the essential property of  the intonation pattern 
being used is " a  rise followed by a fall", there is no other poser- 
bility than a repetition o f  these two movements. These may betxmr 

bined on one o f  the accented syllables, but not just on any of  
them. Indeed, an intonational requirement in Dutch is that the 
separated rise and fall should only occur on the penultimate and 
the last accented syllable, respectively. This requirement is 
violated in variant 5 ,  which is therefore unacceptable. 

The rise and fall that were introduced in variant 4 to accomfl 
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for ime additional accent need not coincide on the same syllable. 

flweaccentuation requirement can also be met by means o f  a mere 

Jfise on the syllable groot—. The fal l  may then occur somewhat 

later, as in variant 6 .  In such a case i t  coincides with a word 

Ixmhdary (and more specifically with a major syntactic boundary). 

Ehe fall at the word boundary cannot give rise to an additional 

patch accent, due to i t s  particular location, but i t  may serve 

anther purpose. v iz .  the marking o f  a syntactic boundary. 

All this goes to say that the intonational requirements are 

net in such a flexible way that the accentual (and sometimes also 

syntactic) demands are satisfied at  the same time. P2 accounts 

for this flexibility; 

We have shown before that Pl cannot account for the unaccept- 

ability o f  variant 2 .  Pl would be capable o f  accounting for the 

stnnfimre o f  variants 3 ,  4 ,  5 and 6 .  But it cannot explain why 

variant 5 is unacceptable, nor why variants 4 and 6 are melodi- 

celly dissimilar, while remaining accentually identical. 

I f  P l  is unsatisfactory to a limited extent in the case o f  

arnmber o f  accentual variations in contours based on one intona- 

tion pattern, i t s  complete failure becomes apparent whenever 

variations o f  the intonation pattern are at  stake. This can be 

illustrated by means o f  variants 7 to 10, in which four different 

intonation patterns are used, again with accents on the syllables 

2££E:_en 332m: (and in variant 7 also on EiEf)° P2 accounts for 

the variants 7 to 10 by stating that when different intonation 

patterns are realized, some o f  their essential components fall 

into such places as is necessary to accommodate the pitch accents. 

Pl, however, could never explain how the accent on e .g .  the syl— 

lable EEEE’ is phonetically manifested in so many mutually exclusive 

ways. Again, i f  the location o f  one o f  the accents changes, the 

accent-lending pitch movement that figures among the indispensable 

components o f  the intonation pattern is shifted to a different 

Fmsition, as appears from the comparison o f  variant 11 to 8 ,  and 

Of 12 to 9 .  
COnclusion 

The examples given show that pitch accents can have quite a 

lumber o f  different forms o f  appearance. I f ,  according to P1, one 

would assume that the pitch movements associated with accentuation 
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are entirely autonomous and do not ,  in any respect ,  constitute a 

part o f  the essential  components o f  the intonation pattern, this 

leads to the following di f f icul ty:  how will one predict for sway 

single accent which t y p e ( s )  o f  pitch movement should be used to 

real ize i t ?  The ability to make such predictions i s  a real 

necessity since the various kinds o f  pitch movement cannot flflJow 
one another in an arbitrary order in an utterance. 

Therefore, the most sat isfying way to  account for  the comr 

binatory restr ict ions among pitch movements associated with acmnms 
is  to assume that they are determined by the chosen intonation 

pattern. This is  expressed by P 2 ,  in which, contrary to P l ,  accmr 

tuation is subordinate to intonation. 

In our opinion, P2 also accounts for the interaction beüfimn 
pitch accents and intonation patterns in other "accent langummm" 
whithout tonemes, such as English, German, and others. 
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SOME OBSERVATIONS ON THE PERCEPTION OF STRESS IN CZECH 

Premysl Janota, Institute of Phonetics, Charles University, 
Prague, Czechoslovakia 

Considerable attention has been paid to the problems o f  the 

perception of stress during the last three decades. Generally 
speaking, the results o f  the various experiments have largely co- 

incided in showing that there is no one-to—one correlation between 

judgments o f  s t ress  and any single physical feature o f  the speech 

signal. 

In an earlier experiment we tried to determine the influence 

of  three physical dimensions - intensity, fundamental frequency, 

and duration — on the perception o f  stress in Czech; the sound 

material consisted of  synthetic disyllabic items. In listening 
tests of  this kind, the listeners' judgments are based, generally 
speaking, on two complexes o f  phenomena, which may be labelled as ,  

f i rst ly,  acoustic properties o f  the speech signal and, secondly, 

contextual cues. The relation between the two complex factors can 

vary within considerable limits in natural utterances; in experi— 

mental conditions i t  is possible, however, to suppress, to a certain 

extent, the part played by one o f  the factors. We also treated the 

selection o f  a suitable test  word as important. In the experiments 

we used throughout combinations of  the syllable ' s e ' :  the word 

' s e s e ' ,  meaning ' sess i on ' ,  does exist in Czech, though i t  is quite 

rare - this means, i t  is  less likely to evoke the association o f  a 

word with f irst syllable stressed, and even less likely in the 
light of  the fact that an actual sequence of syllables se-se is 
very common in Czech. 

In the instructions to the tes t ,  the listeners were invited to 

mark stressed syllables; in English terminology the term Fprominence' 

would Perhaps be more fitting, but the corresponding term does not 
exist in Czech phonetic literature. In the last edition of the 
standard handbook of  Czech orthoepy (Hâla 1967, 65) it is stated: 

'By Stress we usually understand the phonetic emphasis o f  one 

syllable with respect to others; within a single word this emphasis 
is called word-stress.' The task of  the listeners was then to mark 
this 'phonetic emphasis', prominence. The test stimuli were pro— 
duced by means o f  a simple synthesizer o f  our own construction, 

recorded on tape in random order and presented to 170 Czech 
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l isteners. The results o f  the test can be summarized as follows; 

increasing intensity o f  the stimulus leads to an increase in the 

number of  's t ressed syllable' judgments; increased duration has 

a similar ef fec t .  With changes of  the fundamental frequency the 
relationship was found to be somewhat different. Relatively anal 
changes — a semitone up or down - led to a conspicuous increaseih 
the number o f  judgments 'stressed syllable', while a further rank 
ing or lowering o f  the fundamental frequency did not lead to any 

further increase in the number of 'stressed' judgments, but on Um 
contrary led to a decrease. 

In the evaluation of  the results o f  this experiment we were 

aware that they were valid for the experimental conditions o f t m e  

test  and for the synthetic material used. However, we have lef t  

as an open question the unexpected influence of  frequency changes 

on stress evaluations, i . e .  the stronger e f fec t  o f  small changes 

o f  the fundamental frequency and the similar e f fec t  of both the 

increase and decrease o f  the fundamental frequency on the number 
o f  judgments ' s t r essed ' .  One hypothesis here was that more marked 

changes o f  tonal pitch are evaluated rather as sentence melody. 

Besides, a possible influence of the synthesizer had to be taken 
into consideration. I 

In the following tests we concentrated specially on these 
problems. Firstly, a test was prepared in collaboration with J. 
Liljencrants at the Speech Transmission Laboratory of  the Royal 
Institute o f  Technology in Stockholm and this time, the OVE I I I  

synthesizer was used. 42 test sentences fbyla to sese'  - meanhw 
' i t  was/was it a session' - were prefabricated, in which the fun- 
damental frequency values of  the last vowel were systematically 

changed with much closer graduations than in the earlier test .  

The changes in the fundamental frequency corresponded to 0 ,  a. 
l ,  2 ,  4 ,  6 ,  and 8 semitones in each direction away from the fun- 
damental frequency o f  the previous syllable; in addition, the in- 

tensity of the last vowel was changed at 3 levels. This material 
was then prepared for a new listening test with other groups of 
listeners: f irstly, the isolated stimuli ' s e s e '  were extracted 

from the recording and again the listeners' task was to mark the 

syllables they thought stressed; in the second test ,  the whole 
synthetic sentences were used and the listeners' task was to in- 

dicate with each item, whether they felt the sentence to be 

JANOTA MOS 

statement, question or continuative sentences. A total o f  100 

listeners took part in the test,  and the results are presented in 

the following graph: 

WORD-STRESS 
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It can be seen from the graph that the evaluation of  stress ac— 
cords well with the previous experiment: a steep rise from a c fi p  
o f  the curve in the middle with a slow decrease in percentages 
's t ressed '  farther away from the center l ine. The graph alsoxmmy 
clearly shows that in the area of fundamental frequency changes 
where the number o f  judgments 's t ressed '  begins to fa l l ,  there is 
a marked distinction of  sentence melody - in the lower part o f - u m  
graph - when i t  comes to evaluating the 'sentence' stimulus. By 
and large, these results corroborate the hypothesis that smaller 
changes of the fundamental frequency contribute more to the per- 
ception of  s t ress ,  while greater intervals are more at play in 'üœ 
domain of sentence intonation. 

In this test again the listeners responded readily and wiur 
in narrow limits to signals of identical fundamental frequency; 
these stimuli with no or only a very small difference between Um 
f i rs t  and the second syllable were, however, not only identified, 
but the judgment ' f i r s t  syllable stressed'  was ascribed to them 
quite consistently. A possible interpretation of  this finding is 
that the listeners evaluated both the r ise and fal l  in frequency 
as a deviation from a pitch level of the f irst syllable in the 
test word, held constant throughout the whole tes t .  This wouhibe 
in agreement with findings from analyses of running speech, where 
departures from the basic contour o f  intonation in the direction 
up or down both are used in Czech to express prominence of  a part 
o f  an utterance. 

Two different tests were then prepared to investigate this 
hypothesis: in one test  an attempt was made to keep the charac- 
teristics of  the test similar to those of  the previous experiment 
with the exception o f  the fundamental frequency of  the f irst syl- 
lable of the test word: this was changed in a random order within 
an octave interval. The test items were prepared by means of the 
synthesizer HO 2 ,  constructed by Maläö et a l .  (1975) ,  and the 
listening tests were finished and evaluated in August 1978. In 
another test again the sequence ' s e s e '  was used, but this time as 
a natural speech signal. In view of the high occurrence rate of 
' s e ' ,  even in iteration, in Czech texts it was easy to prepare a 
continuous text,  a short story, which contained within i ts  two 
pages a total of 116 repetitions of the syllable ' s e '  with the 
stress assumed to fall variously on the f i rs t  or on the second 
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syllable o f  the sequence se-se.  A professional speaker read the 

story and the tape recording was then used to prepare test tapes 

containing c0pies o f  all the sese combinations cut out o f  the 

master tape. A total of 5 0  listeners then heard the isolated 

items: their task was as with the earlier tes ts .  

The results o f  the perception tests with both synthetic and 

natural items in isolation compare well with those o f  the earlier 

tests with synthetic stimuli, with a very clear dif ference, how- 

ever, in the perception of changes o f  pitch: in the present ex- 

periments the ef fect  of  a change, i . e .  the influence o f  pitch rise 

on an increase o f  judgments ' s t r e s s e d ' ,  i s  manifest primarily to— 

wards the upper pitch levels. Clearly, this difference is not due 

to any difference inherent in the use o f  synthetic or natural 

speech signals, but to the different way in which the experiment 

was organized. In the f i rs t  two experiments the fundamental f re-  

quency level o f  the f i rst  syllable o f  the test word was constant 

and hence probably provided a reference level comparable with a 

basic contour o f  sentence intonation. - In short, the results o f  

the experiment with the isolated items of  natural speech can be 

described as follows: the syllables marked ' s t ressed '  had a higher 

fundamental frequency than those marked 'unstressed' in 93% of the 

cases, a higher peak intensity in 79%,  and a longer duration in 

44% o f  the cases.  

Conclusions 

By means o f  listening tests using disyllabic items, the in- 

fluence of  changes in intensity, fundamental frequency, and dura— 

tion on the perception of  stress in Czech can be shown. 

In general, i t  can be demonstrated that an increase of  any 

of these parameters leads to an increase of  the number o f  judg- 
ments 's t ressed' .  

With changes of the fundamental frequency, however, the 

growth of the judgments 'stressed' is distinctly non-linear: 

S l i t  changes o f  approximately a semitone lead to a considerable 

increase in the number o f  judgments 's t ressed' ,  while larger 

Changes have a lesser e f f ec t  on the evaluation o f  stress in a 

group of Czech listeners. 
Results of a test with identical synthetic stimuli once in 

isolation and then in a simple sentence context corroborate the 

hYPOthesis that small changes of fundamental frequency have a 
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stronger e f f e c t  on word-stress evaluations, whereas more marked 

changes have a noticeable e f fec t  on evaluations of sentence:hp 

tonation. 

The influence o f  context may be strong even in tests wiU1 

isolated items: in tests with a constant pitch of  the first syL— 

lable o f  disyllabic test items, deviations - both up and down-  

from this constant level are found to~ increase the number of syl- 

lables marked as stressed. In tests without the constant pitda 

level o f  the f irst syllable, only increase in fundamental fre— 

quency is found to add to the number of  judgments 'stressed'. 

Listening tests with isolated items only have been referral 

to in the present paper: it is obvious that even here there u s a  

strong tendency of  the listeners to evaluate the items as parts 

o f  a broader context. 
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WORD STRESS AND SENTENCE STRESS IN VARIOUS TONE LANGUAGES 

Eunice V.  Pike, Summer Institute of Linguistics 
TSOUEWest Camp Wisdom Road, Dallas, Texas 75236 USA 

Introduction 

The nine languages summarized here a l l -use two or more mums 

as part of  the features which contrast lexical items. All but 

one o f  the languages, Fasu ( 4 ) ,  show tonal contrasts on both 

stressed and nonstressed syllables. In Fasu the tonal contrasn; 

occur on stressed syllables only. One language, Mikasuki ( 6 ) ,  

contrasts long versus short vowels in addition to tone. 

Instead of contrasting lexical tone in the prepause svllmfla, 

Tenango Otomi (3) has a different pitch system on that syllable, 

one that indicates the attitude of the speaker. 

Diuxi Mixtec (9)  has two types of  word s t ress ,  one marked 

by vowel length, and the other by allotones. Some words have 

both types, but others have only the type marked by vowel lengflL 

Eastern Popoloca (2) also has two types o f  word s t ress ,  one 

marked by vowel length and the other by consonant length. In 

this language the two types never occur in the same word. 

Probably in all of  the languages, loudness is optionally 

present on stressed syllables. Vowel length is used to mark 

stress in at  least five of  the languages. Consonant length is 

one o f  the features marking stress in at  least three languages. 

By the term "word stress", I mean the syllable which is dœ 

nucleus o f  a rhythm wave, in this case, the phonological word 

(Pike 1976, 54-69) .  By "sentence stress“ I mean the nucleus of  

a larger rhythm wave. As I have used it  in this paper, this 

rhythm wave Coincides with the pause group (K. Pike 1967, 392- 

403), so by "sentence stress" I mean the syllable which is the 

nucleus o f  a pause group. 

-.. 
__... 

‚
_

_
_

.
.

.
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A.word  uttered in isolation is  between pauses; therefore the 

stressed syllable o f  a word in isolation has sentence s t ress .  To 

identify word s t ress ,  usually there must be at  least two words in 

the utterance. Word stress is the stress which remains on a word 

when i t  occurs in the margin o f  a pause group. 

I f ,  in a specific language, word stress and sentence stress 

occur on the same syllable, it is perhaps impossible to know 

which features are marking word stress when the words are studied 

only in isolation. It may be,  for example, that in Mikasuki ( 6 )  

some of the features which were described as those o f  word stress 

were actually features o f  sentence s t ress,  since the data, for 

the most part, were studied from words uttered in isolation._ 

There is  less apt to be confusion when sentence st ress 

occurs on a different syllable from that where word stress occurs. 

For example, in Ayutla ( 7 )  and Acatlan Mixtec ( 8 ) ,  and also in 

Tenango Otomi ( 3 )  word stress occurs on the f i rs t  syllable o f  

the stem, but sentence stress (with some exceptions) occurs on 

the prepause syllable. 

Perhaps the thing that surprised me most, as  I summarized 

the nine languages, was that in only one o f  the languages, Fasu 

( 4 ) ,  were vowel allophones spoken of as being determined by their 

occurrence in relation to a stressed syllable. I f  I have the 

Opportunity to hear these languages again, that is one o f  the 

points I will check. 

Languages summarized 

(1) Marinahua of  Peru (Pike and Scott 1962) has a contrastive 

tone, high versus low, on each syllable ( p . 7 ) .  Word stress occurs 

on the f i rs t  syllable of  the stem and is marked by vowel length 

_(P-4). Sentence stress occurs on the first syllable of the stem 
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o f  the last word in the sentence ( p . 2 ) ;  it has an even longer 

vowel than occurs with word s t ress.  Sentence stress is also 

marked by allotones, that is ,  the high is raised, and the low 

tone usually glides down when in a syllable with sentence stress 

( p . 8 ) .  When the speaker is irritated, the last consonant o f  the 

sentence may be lengthened, and the loudness may shift from.the 

normally stressed syllable to the prepause syllable ( p . 4 ) .  

( 2 )  In Eastern Popoloca o f  Mexico (Kalstrom and Pike 1968), 

contrastive tone consists o f  four level tones plus ten tone 

clusters which are combinations of  those tones. There are two 

types o f  s t ress .  Some words have stress marked by a long vowel 

(that stress occurs on the next to the last syllable o f  the stem 

p;16,18).  Other words have a stress that is marked by a long 

consonant (that stress usually occurs on the last syllable of  _ 

the stem ( p . 1 7 ) .  When only one consonant occurs in the syllabhn â 

that consonant is  lengthened. When a consonant cluster occurs, : 

i t  i s  the /h/, / ? / ,  or /n/ of  the cluster which is lengthened-- 

all consonant clusters have either /h/, /? / ,  or /n/. All words 

have either one stress type or the other, but no words have bout 

In a normal sentence, the prepause syllable is usually sham» 

louder than other syllables in the sentence, and it ends in a 

sharp glottal stop ( p . 2 8 ) .  A polite sentence is raised in key 

and the prepause syllable is long, lenis, gradually getting 

softer as it glides upward. There is no final glottal stop in 

that type of  sentence ( p . 2 9 ) .  

(3 )  In Tenango Otomi of  Mexico (Blight and Pike 1976),1fi9hr 

low and upgliding tone contrast lexical items. The upgliding ; 

tone occurs only on syllables with word s t ress.  Word stress o c m n s ê  

; on the first syllable of the stem, and is marked by vowel length 

E. V. PIKE 413 

(p .56) ;  it is also marked in that voiceless stops are preaspirated 

when they are initial in a stressed syllable ( p . 5 2 ) .  A low tone 

in a stressed syllable is slightly lower than a nonstressed low; 

a stressed high usually has a slight downgliding allotone when 

occurring between voiced consonants ( p . 5 5 ) .  Sentence s t ress 

occurs on a prepause syllable and is marked by loudness. It i s  

that prepause syllable that carries contrastive intonation. 

There is  no contrast o f  lexical tone on the prepause syllable 

nor on any word-final syllable (p .55 ) .  

( 4 )  In Fasu o f  Papua New Guinea (May and Loeweke 1 9 6 5 ) ,  a 

contrast o f  high versus low tone occurs on only one syllable per 

word-~the stressed syllable; the placement o f  that syllable is  

not predictable. Vowels / i /  and /e/ have open variants which 

fluctuate with close variants when prestressed i f  the stressed 

vowel is /i/ or /e7 respectively ( p . 9 2 ) .  Within a sentence, 

there is a gradual downdrift of  pitch. In a question-doubt 

sentence, without an interrogative marker, there is a small 

upglide on the final syllable ( p . 9 5 ) .  Other attitudes o f  the 

speaker may be indicated by a wider spread in the tone levels, 

or by voice quality, etc.  

( 5 )  In Golin o f  Papua New Guinea (Bunn 1 9 7 0 ) ,  there is  

contrastive tone, high versus low, on each syllable. Word stress 

occurs on the final high, or i f  there is no high, then on the 

final low ( p . 4 ) .  Sentence stress occurs on the same syllable as 

word stress, but it is louder and i f  it is a syllable with high 

tone, it usually has a higher allotone. When sentence stress 

occurs on a syllable with low tone, there is optionally a lower 

allotone ( p . 5 ) .  Sentence stress may occur on any word o f  the 

sentence; it is usually used for emphasis (p.6)o 
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( 6 )  Mikasuki o f  Florida USA (West 1962)  has contrastive kmg 

versus short yowels. Mikasuki also has three levels of  tone and 

one tone cluster which are used in lexical items ( p . 8 2 ) .  In a 

question, one o f  the syllables o f  the sentence may have an extra- 

high tone and additional length, and one o f  the words may end.in 

glottal stop ( p . 8 2 , 8 9 ) .  (Glottal stop is not lexically perti- 

nent . )  Other clause types, negative statements, imperatives, 

for example, may also have the extra-high tone or tone clusters 

that do not occur in simple lexical items ( p . 8 9 ) .  Word stress 

usually occurs on the highest nonfinal syllable ( p . 8 5 ) .  In the 

normal sentence, there is a gradual drOp o f  pitch between words 

(p .88 -89 ) .  

( 7 )  In Ayutla Mixtec o f  Mexico (Pankratz and Pike 1 9 6 7 ) ,  

there are three levels o f  tone, contrastive on each syllable 

(p.291) .  Word stress occurs in the first syllable of the stem 

and is marked by loudness and also by allophones o f  the consonmfim. 

That i s ,  when contiguously following the stressed syllable, 

voiceless stops and affricates are preaspirated, voiced con- 

tinuants are lengthened, voiceless continuants are either 

lengthened or preceded by a slight hiatus ( p . 2 8 8 ) .  Allotones 

mark word stress in that a proclitic with high tone is not as 

,high as a stressed high which immediately follows it (p.291).  

Throughout the sentence there is a downdrift o f  pitch. Sentence 

stress is usually louder than other syllables, and occurs either 

on the prepause syllable, or on the syllable with word stress-- 

there is variation in accordance with the CV pattern and the 

tone sequence of  the last word ( p . 2 9 4 ) .  

( 8 )  Acatlan Mixtec (Pike and Wistrand 1974) has contrastive 

tone on each syllable: low, mid, high and up-step ( p . 8 3 ) -  Word 
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stress occurs on the f i rst syllable of  the stem. It  is marked 

by allophones o f  consonants (p.100,103) in that all consonants, 

except the flapped / r / ,  are lengthened when contiguously follow- 

ing a stressed syllable. If  the syllable which follows stress 

does not begin with a consonant, then i t  i s  the stressed vowel 

which is lengthened. Sentence stress occurs on the syllable 

immediately preceding pause ( p . 1 0 4 ) .  There is  general downdrift 

in relaxed speech in that each low tone tends to be lower than 

the preceding low ( p . 8 4 ) .  

(9) Diuxi Mixtec (Pike and Oram 1976) has two contrastive 

tones, high versus low, one of which occurs on each syllable. 

There are two types o f  word s t ress.  The type marked by a 

lengthened vowel occurs, on each word, on the f i rs t  syllable o f  

the stem ( p . 3 2 2 ) .  The second type o f  word stress occurs on the 

word-final syllable, but only on some words. I t  i s  marked by 

allotones. That i s ,  a stressed high between another high and 

pause has a sharp downglide. When between low and pause, the 

high may not downglide, but it is definitely higher than a 

nonstressed high in that environment. A stressed low tone 

downglides from a point starting noticeably higher than a 

nonstressed low ( p . 3 2 5 ) -  

..__. _
_

_
-

_
_

.
.

.
 .

.
.

.
.

_
_

_
_

_
.

_
_

.
_

„
.

_
-

 ...—_... 
_

_
.

.
.

_
.

 
. 

. _ 
__ 

. _.. 



- -
:

'
 

"
‘

.
“

|
 

7
-

2
.

"
 

::..—=="; 
_

-
.

‘
.

.
.

.
-

—
—

.
-

-
 

' 
' 

-
:

—
-

 
‚

.
:

-
_

_
 

_
_

.
.

.
 

'? 
i !  
! :  

‚ )  
. . !  

416 SYMPOSIUM No. 7 

Pfifenaxxs 

Blight, Richard C .  and Eunice V.  Pike ( 1 9 7 6 ) :  "The Phonology 
of Tanango Otomi", IJAL 42, 51-57. 

Bunn, Gordon and Ruth ( 1 9 7 0 ) :  "Colin Phonology", (Pagers in 
New Guinea Linguistics XI) Paci f ic Linguistics A 2 3 ,  1-7. 

Kalstrom, Marjorie and Eunice V.  Pike ( 1 9 6 8 ) :  "Stress in the 
Phonological System o f  Eastern Popoloca", Phonetica 18, 
1 6 - 3 0 0  

May, Jean and Eunice Loeweke ( 1 9 6 5 ) :  "The Phonological Hieranmy 
in Fasu",  Anthropological Linguistics 7 . 5 ,  89 -97 .  

Pankratz, Leo and Eunice V .  Pike ( 1 9 6 7 ) :  "Phonology and 
Morphotonemics of  Ayutla Mixtec" ,  IJAL 3 3 ,  287—99 .  

Pike, Eunice V.  ( 1 9 7 6 ) :  "Phonology", in Tagmemics I ,  gspects 
o f  the Field, Ruth M. Brand and Kenneth L .  Pike ( e d s . ) ,  
45-83 .  

Pike, Eunice V .  and Joy Oram (1976 ) :  "Stress and Tone in the 
Phonology o f  Diuxi Mixtec" ,  Phonetica 3 3 ,  321-33. 

Pike, Eunice V. and Eugene Scott (1962) :  "The Phonological 
Hierarchy o f  Marinahua", Phonetica 8 ,  1 -8 .  

Pike, Eunice V .  and Kent Wistrand ( 1 9 7 4 ) :  "Step—up Terrace Tbne 
in Acatlân Mixtec (Mexico)“ ‚  in Advances in Tagmemics, 
Ruth M. Brend ( e d . ) ,  81-104, Amsterdam: North Holland 
Pub. Co. 

Pike, Kenneth L. (1967) :  Language in Relation to a Unified 
Theory of the Structure of  Human Behavior, (2nd revised edJ 
The Hague: Mouton. 

West, John David (1962) :  "The Phonology of  Mikasuki", Studies 
in Linguistics 16,  77-91. 



417 

LEXICAL STRESS, EMPHASIS FOR CONTRAST, AND SENTENCE INTONATION . 
IN ADVANCED STANDARD COPENHAGEN DANISH g; 

bfina Thorsen, Institute o f  Phonetics, University o f  Copenhagen 

Due to lack of  space, no references will be made to the very 
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considerable literature on intonation in other languages, nor will 

any extensive documentation be given. 

l .  A model o f  Danish intonation 

_Intonation in short sentences in Advanced Standard Copenhagen 

(ASC) Danish may be presented as in f ig .  1, which is but a model, 

with the advantages and shortcomings that modeling almost always 
entails in terms o f  simplicity and inaccuracy, respectively. I t  is 

based on recordings by six subjects, three males and three females, 

of a rather elaborate material (Thorsen 1978a,  1 9 7 9 b ) .  The quali— 

tative statements which can be read o f f  the figure are perfectly 

representative o f  all the subjects, but the quantifications in- 
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volved are,  o f  course, averages, and no one subject behaves as 

mathematically neatly as the model would have you believe. 

SEMI— 
TONES 
15- 
MJ 
13¢ 
12- 
NJ 
10- 

9 d  

3'1 
7 d  

67 
5 -  

43 

l u u u u l l f 1 | r fi l l i l fi f l l ' fi ' f ‘ _  
- 200 TlME(cs)_ 

Figure l 
A.model for the course o f  Fo in short sentences in ASC Danish. 
1: statement questions, 2 :  interrOgative sentences with word order 
inversion and/or interrogative particle, and non-final periods 
(Variable), 3 :  declarative sentences. The large dots represent 
stressed syllables, the small dots unstressed ones, and the small 
squares represent an unstressed syllable being the only one be- 
tween two stressed ones (see further the t e x t ) .  The full lines 
represent the Fo pattern associated with stress groups, and tne 
broken lines denote the intonation contours. 
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A basic assumption underlying f i g .  1 i s  that the complexcomæeî 
o f  fundamental frequency (Fo) in an utterance is  the outcome o f a  

superposition of  several components: (1) A sentence componentvmnm 
supplies the INTONATION CONTOUR (broken l ines). (2)  On the mamma 
is superposed a stress group component which furnishes the STRmß 
GROUP PATTERNS ( ful l  l ines) .  
ponents is added, in words containing stsd,  a st¢d component,rem. 

dering STQD MOVEMENTS. However, as st¢d words had been exclmkm 
from the material, the model does not include this particular fim— 
ture. These f i rst three components are language specific and mms 

"speaker control led". ( 4 )  Finally, intrinsic Fo level differemæs 
between segments, and coarticulatory variations at segment bomum— 

r ies supply a MICROPROSODIC COMPONENT, which is not consciousLycmpI 

trolled by the speaker, but due to inherent properties of the speech 

production apparatus and which, therefore, is  superfluous bathe 

model from the point o f  view of  the human speaker. - This<xmcqm 
of  " layers" in intonation is anything but original; the triviay 
of  the statement does not, however, deprive it of  i ts validitytn 
i ts relevance: f irstly, i t  is tremendously useful in the inteqne- 
tation of Fo tracings (Thorsen forthcoming) and, secondly, i t lmsa  
very direct bearing on the theme of this symposium, 'The relatüm 
between sentence prosody and word prosody (stress and tone) ‘ :  

The relation between word stress and sentence prosody fine. 

sentence intonation: duration and intensity are not considered)is 

physically a very close-knit and intricate one, but on thelfigha: 

and more abstract levels we may hypothesize that very little of the 

mutual influence which is customary in a relationship takes place: 
as long as we are dealing with neutral lexical stresses. 
1 .1  Stress group patterns 

As can be seen from the full lines of  fig. 1, the stress group 
pattern can be described as a (relatively) low stressed sylldflfi 
followed by a high-falling tail o f  unstressed syllables. Thisimb 
tern is a predictable and recurrent entity, though allowing for con- 
textual variation in the magnitude o f  the rise from stressed'U>wV 

stressed syllable and in the slope o f  the fall through the un— 

stressed ones. It was this observation which gave rise to theëæfl' 

nition of the STRESS GROUP in ASC Danish as A STRESSED SYLLABLE PLUS 
ALL SUCCEEDING UNSTRESSED SYLLABLES (within the same, nonrcompmmd 

sentence), irrespective of  intervening word or morpheme boundaries! 

and, as a consequence of this predictability and recurrency. i t?? 

(3)  To the resultant o f  those twacmmg 
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so brought about the definition of  the INTONATION CONTOUR as 

THE COURSE DESCRIBED BY THE STRESSED SYLLABLES ALONE. 

1.2 Intonation contours 
The intonation contours tend to vary systematically with sen— 

tence type, declarative sentences having the most steeply falling 

contours, at one extreme, and statement questions ( i . e .  questions 

with statement syntax where only the intonation contour signals 

their interrogative function) having " f l a t "  contours, at the other 

extreme. In between these two are found other types of  questions 

as well as non—final periods. For a further account o f  these con- 

tours and their perception, see Thorsen 1978b, 1979a. 

2 .  Implications o f  the model 

2 . 1  Fo movements in syllables 

The model does not specify the Fo movements o f  syllables: the 

tonal composition of  the st ress group pattern as one o f  LOW plus 

HIGH FALLING allows for a very simple account o f  Fo movements in 

vowels and consonants: segments do not carry specific movements (ex-  

cept when st¢d is involved) but simply f loat on the Fo pattern, and 

slight variations in Fo movement would be due then to the fact that 
segments do not always hit the patterns at exactly the same place. 
2.2  The course of the intonation contour 

( a )  When the number o f  stress groups changes, everything else 

being equal, so does the slope o f  a given contour, leaving only the 

“f lat“ ones intact; the constancy presumably lies in the interval 
between the f i rst  and the last stressed syllable, with intervening 

stressed syllables evenly distributed between them, and not in a 
certain rate of change (this point needs further verification which 

I h0pe to present orally in August). 

(b) When the number o f  unstressed syllables varies in the 

stress groups, the stressed syllables will not be equidistantly 

Spaced in time, and the straight lines of  f ig.  1 break up into a 
succession o f  shorter ones with unequal slopes. 

Combining the e f fec ts  of changes of  both types leaves us with 

añ infinity of physically different intonation contour configura- 

tions. On a higher level in production these variations may not 

exist, and perceptually they may be obliterated, turning the con- 

tours into smoothly slanting slopes, (1) i f  what we aim at produc- 

ing and what we perceive are equal intervals between stressed syl- 

lables and not the actual slope o f  the contour, and ( 2 )  i f  we 

assume that isochrony, be it not a physical reality, is a psycho- 
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logical reality with the speaker/listener. 

2 . 3  Fo patterns o f  stress_groups 

2 . 3 . 1  St ress groups with more than one unstressed syllable 

(a)  In statements, the rise from stressed to unstressed.sylhb 
ble i s ,  on the average 1%, 1, and % semitone, respect ively. :hï the 
f i rs t ,  second, and third st ress group. In statement quest ions,tme 
r ises amount to 3 ,  2%,  and 2.semitones, respectively. The differ- 
ence in magnitude of  this r i se ,  between patterns riding on differ- 
ent contours is very likely a direct consequence o f  d i f ferences in  
the level o f  the following stressed syllable. 

(b) The decrease with time in the rise from stressed to un- 
stressed syllable is the same in statement questions and statemmum, 
one semitone. This decrease, which is  independent o f  the parthmflar 
contour, may be seen as a consequence of either of  two distinctzun- 
cesses, or o f  a combination of them. It  may be a "voluntary" de- 
crease, i .e .  a signal of finality, and/or it may be a physiologuml 
phenomenon: the closer you get to the end of  the utterance, the kms 
"energy" is expended and the less complete the gestures will be; 
either or both phenomena may also account for the less and less 
steep fal ls through the unstressed syllables. 

I f  the variation in the Fo patterns with intonation contour 
and time is  physiologically determined, the speaker may be uncon- 
scious of  i t ,  and the listener may neglect or compensate for i t .  
2 . 3 . 2  Stress groups with only one unstressed syllable 

Stress groups with one unstressed syllable will of  course be 
shorter than those with several, a feature which is not reflected 
in f ig. 1. - A single unstressed syllable does not accomplish a 
full rise-fall when the following stressed syllable is considerabhr 
lower than the preceding one, as is the case in statements. In- 
stead it lands on very nearly the same level or slightly below Um 
preceding stressed syllable and, accordingly, the r ise-fal l  is am- 
putated. A full rise-fall may be intended by the speaker and the 
amputation be due to a shortcoming in the peripheral speech prodmr 
tion mechanism. Accordingly, the listener may well re-introduce a 
rise-fall (this is ,  indeed, my own subjective impression). Butvœ 
have here an indication that time (rhythm) overrides Fo when the 
two are in conflict. On the other hand, there is definitely a UN” 
dency towards as complete rise-falls as possible. Two unstressed 
syllables will traverse more than half the fall exhibited by four, 
everything else being equal. — These two facts together are 
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another reminder that speech is  not a card-board structure but a 

smooth and dynamic process. 

2 . 4  Conclusion 

___ If the assumptions made about production and perception o f  Fo 
courses hold water, we are l e f t  with two components wnich physical- 

ly are highly interactive but on more abstract levels may be invar— 
iant, apart from the fac t  that contours change with sentence type. 

3 .  Emphasis for contrast 

By emphasis for contrast is  meant the extra prominence on one 
of the syllables in the utterance, used to denote a contrast which 

nmy be implicit or may be explicitly stated in the context. I have 

deliberately avoided terms like ' f o c u s ' ,  'sentence accent ' ,  or 'nu- 

cleus' because these terms are used, in a number o f  languages, to 

(kmcribe a phenomenon different from emphasis for contrast: one o f  

the lexically stressed syllables in the utterance will always have 

slightly greater prominence (realized, very roughly speaking, as a 

nbre elaborate Fo movement within tnat syl lable), and i f  nothing 

else is specified by the context, i t  will fal l  on the last stressed 

syllable. — A similar phenomenon does not exist in ASC Danish as a 

‘uung apart from emphasis for contrast. Whenever and wherever such 
a.slightly.heavier stress is introduced, i t  invariably invokes the 

impression of  contrast. Insofar as we are not faced with incom- 

pdete evidence or with a false dichotomy, i . e .  one due to differ- 

ences in concepts, Danish seems to be markedly different from e .g .  

English, German, and Swedish. 
3 .1  Contrastive stress and Fo 

The following account is based on a material o f  sentences, ut— 
tered in dialogues, where the contrasts were all explicitly stated 

in.the context (but I strongly believe that they would have looked 
no different had they been implicit). - When emphasis for contrast 
occurs, i t  a f fec ts  the intonation contour as well as Fo patterns. 

Fig. 2 compares the neutral edition with three statements where 

the emPhasis lay on the f i rs t ,  second, and third lexically stressed 

syllable. (Durational differences between the neutral and emphatic 

editions are very slight and there is no.doubt that Fo is the prime 
cue to contrast, as i t  is to neutral lexical s t ress. )  The obvious 

changes introduced in the Fo course by emphasis for contrast is a 

raising Of the syllable in question (represented by a s ta r ) ,  a 
drastic fall from f irst to second unstressed syllable, plus a not 
inconsiderable shrinking of the surrounding Fo patterns: 
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l I 
100 200 TlME (CS) 

Figure 2 

Models for statements with emphasis 
for contrast on (1) the f i rs t ,  ( 2 )  
the second, and ( 3 )  the last stressed 
syllable, compared to the neutral edi- 
tion (broken lines and empty dots) .  

(1) when emphasis is on the 

f i r s t  stressed syllable, i t  

i s  higher, the r ise to the 

f i r s t  unstressed syllable is 

smaller, and the fall through: 

the following unstressed syl- 
lables is steeper than for 

The lev- 

els o f  the second and third 
the neutral case.  

stressed syllables are con- 
siderably lowered and tne 
LOW+HIGH FALLING pattern is 

annihilated in the second 
and shrunk in the third 
stress group. The syllables 

o f  the second and third 

stress groups look, tonally, 

more like a series of  un— 
stressed syllables continu- 

ing the fal l  in the f i rsq 

one. 
( 2 ) :  emphasis on the second 

stressed syllable repeats 

the pattern o f  ( 1 ) ,  and 

we also get a certain reduc- 

tion o f  the f i rst  stress 

group with a very steep 
fall from first to second 
unstressed syllable. 

(3)  the pattern repeats it- 
self in the last stress 
grOup, with a shrinking o f  

the preceding ones as well. 

Again we note that a 

single unstressed syllable 
does not accomplish a full 

r ise- fa l l  but instead drOps 

well below the preceding 

emphatic one. 

The feature common to 

ÏHORSEN QZB 

the three cases seems to be that the syllable on which the emphasis 
for contrast occurs must stand out clearly from the surroundings, 
which is brought about by a raising of  that syllable as well as by 
a lowering o f  the immediate surroundings, except for the f i rs t  o f  
several post-tonic syllables. The change is slightly greater in 
the succeeding than in the preceding Fo course. During some in- 
formal experiments performed with the ILS-system for analysis and 
synthesis at the Institute o f  Linguistics, Uppsala University, i t  
appeared that shrinking the Po course in the surroundings is  su f f i— 
cient to create the impression o f  emphasis for contrast. 
emphasis on the word ' s i ds te '  in the statement 'Det  er sidste bus 
t i l  Ti f l is . ‘  ( I t ' s  the last bus for Tif l is.) i t  is sufficient to 
change the r ise from 'bus '  to ' t i l '  to a level or a slight fal l ,  
whereas just raising the stressed syllable o f  's idste'  will not do 
the tr ick. Likewise, to get emphasis on ' b u s ' ,  lowering the un- 
stressed syllable of  's idste '  will do and just raising 'bus? does 
not accomplish anything. 

To get 

The three Fo courses in f ig. È look widely different and only 
vaguely resemble fig. 1 " 3 “  although the utterances still sound de- 
clarative. What constitutes the intonation contour in utterances 

with emphasis for contrast, I hesitate to say at  present. They may 

resemble one-word utterances in that the difference between state- 

ment and question lies in the level o f  and movement within the em- 
phatically stressed syllable as  well as in the course of  the suc- 
ceeding unstressed ones (Thorsen, 1978a ) ,  or the intonation contour 

may be extrapolated from, and thus still be definable in terms o f ,  
the lexically stressed syllables surrounding the emphatic one. The 
f irst solution would be interesting, because i t  implies that in ut- 

terances with emphasis, word prosody takes precedence over sentence 

prosody, whereas the second solution would make the definition o f  
intonation contour apply to a wider range of  utterances. 

References (ARIPUC = Ann. Rep. Inst.  Phonetics, Univ. Copenhagen) 

Thorsen, N. (1978a):  "An acoust cal investigation of  Danish intona- 
t i o n " ,  J p h  6 '  1 5 1 - 1 7 5 -  

— (1978b):  "0n the identification o f  selected Danish intonation 
contours", ARIPUC 12, 17-73. 

- (1979a) :  "Aspects of Danish intonation", Travaux de l'Institut 
de Linguistique de Lund 13 (in print). 

- (1979b) :  "Lexical s t ress ,  emphasis for contrast, and sentence 
intonation", ARIPUC 13 (in preparation). 

- (forthcoming): "Interpreting raw fundamental frequency trac- 
ings of  Danish", Phonetica. 
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SENTENCE TONE IN SOME SOUTHERN NIGERIAN LANGUAGES 

Kay Williamson, School of Humanities, University of Port Harcmnt, 
Port Harcourt, Nigeria 

The lexical tones of words can be modified in various ways: 
1. By essential ly phonetic rules, such as tone-spreading (Hyman & 

Schuh, 1 9 7 4 ) :  e .g .  Yoruba /Low-High/ + [Low—Rising] because Low 
'spreads'  into the following High. Such phonetic rules result hi 
phonological change i f  the conditioning factor is los t .  

2 .  By morphophonemic rules, i . e .  rules whose phonetic motivationiß 

no longer obvious: e . g .  in the Kolokuma dialect of Izon twowflmds 
which have the same tone pattern in isolation may have di f ferent tm- 
nal e f fec ts  upon the following word ( c f .  Williamson, 1 9 6 5 ) .  

3 .  By the interaction o f  purely tonal morphemes with the tones of 

the normal morphemes which consist o f  both segments and tones:eng.  

the subject concord marker o f  Edo is  analysed by Amayo (1975) as 

having lost i ts segmental features in practically all con tex t s , so  

that i ts presence is normally detected only by i ts  tonal e f f e d t s o n  

neighbouring morphemes. Purely tonal morphemes appear to be re- 

stricted to common grammatical elements. 

Lexica] tones are also modified to show sentence type. ‚In mme 

languages such modifications involve changing the absolute b u t r w t  

' the relative pitch o f  sentences: e .g .  in Kana (Ogoni group: tonamm 

High, Mid, Low) :  

Statement: Lo to .  [ - - ]  'The house.‘ 
Question: Lo to? [ " ]  'The house?l 
Exclamation: Lo t o !  [ “ - ]  'The house!‘ 

The basic Mid-Mid tone (seenin the statement) is raised for a'ques- 
tion and raised even more for an exclamation (this is indicateds' 

netically by writing it above the square brackets, i . e .  outsidetme 

normal voice range). This type of  modification is here called agg- 
national, and is regarded as comparable to what obtains in a now- 

tone language. 

WILLIAMSON H25 

A. YEKHEE (=ETSAKQ), Ekpheli dialect (North-Central Edoid group), 

Elimelech (1976 ) :  

Basic tgggg= H: L 
;;;;_ruleg= a) downdrift on each series o f  highs separated by low 

_______ b)  falling and rising glides formed from HL, LH 

c )  downstep from simplification of  rising glide 

Sentgngg_tgge= (for nouns; verbal sentence questioning said to be 

___ 'different but not specified, Elimelech, 1976,  5 0 ) :  

1. statement: additional final low added to final 

high 

2 .  question: additional final high added to statement 

tone pattern 

lexical tone patterns of  disyllabic_n9§n§: LL, HL, HH 

EÊËË‘ ÊÈÊÈÊËÊEÈ QEÊÊEÈËE 
1. LL 'cup' Âkpa. [ _ _ ]  Äkpa? [ - x ]  
2. HL 'house' Ôwà. [—_ ]  Ôwà? [ ' , ]  

3. HH 'axe' Üdzé. [ " ]  Üdzé? [ “ \4 

B. DEGEMA (Delta Edoid group), personal investigation, analysis 

tentative: 

§§§ig_1_:gr_1§§: H, L;  downstep probably predictable 

Tone rules: a)  downdrift on each series of  highs separated by low 

b) falling glide formed from HL 

c)  the final low in a series of lows becomes high 

(under certain conditions) 

d) all but the f i rst  of a final series of highs are 

downstepped 

Sentence tone: 1. statement: basic tones + tone rules 

2 .  question: final low added to statement tone pat— 

tern, combines variously with preceding tone 

3 .  exclamation: general raising of  statement tone 

Lexical tone patterns of disyllabic nouns: LL, HH, HL (loanwords 
only): 

Other languages have a second type of modification co-existhw 9353 Statement Question Exclamatign 

with the intonational type. This involves a change of the toneEflV l. Il- 'head' Ütom, [ _ _ ]  Ùtôm? [ _ _ ]  Ütém! [ :  ] 

î tern, not simply a general modification of the absolute pitch,nmfi -2- HH 'river' Édâ. [ _ _ ]  édä? [_—] ééäf [ _ _ ]  
% is here called sentence tone. In the examples that follow, the'f-one 3- HL ' ca t '  Pési. [ _ _ ]  Pési? [ - - ]  P?S%= [ : ]  
â system of each language will be summarized and then the sentence 4. LL (?)  Mèÿâ. [ _ ' ]  Moya? [ _ _ ]  Moya! [ '  ] 

È tone modifications will be stated. 'He is coming.' ' Is he coming?‘ 'He is comingl' 

? 5. an (2) ébé. [ ' - ]  ébè? [ ' - ]  ab?: [ '1 
€ 'He is there.‘ ' I s  he thére?‘ 'He is thereEÎ 

______-IIII-——— _“_1.IIIIIIIIIIIIlIlll llll l ' l l l l l ' l l l l l l l l 
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C .  ISOKO (Southwestern Edoid group), Elugbe ( 1 9 7 7 ) :  

Basic tones: H,  L 
Senteggg_ggng: l .  statement: final low tone becomes high 

2 .  question: final high tone becomes low 
ËQBÊ_£EÈËË= a) falling glide formed from HL 3.  exclamation: general raising of highs: cancella- 

b)  22 downdrift tion of  downdrift after low 
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Sentence tone: l .  statement: final series o f  lows raised to mid 4 .  command: additional final low added to statement 
2 .  question: additional final low added pattern 
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3 .  exclamation: no raising of final series of lows Iexical tone patterns of  disyllabic nouns: LH, LL, HL 
Lexical tone patterns of disyllabic nouns: LL, HH, HL ËËËË: Statement Question Exclamation 

9353: ËËËËÊËËÊË 92%ä9392 É 1. LH 'yæm' Bùrû. [ - “ ]  ßürü? [__] sùrû: [-_] 
l' LL '“ative d°°t°r' c3'”: [ " ]  ?“? [" ]  ï 2. LL 'book' piri’. [-*] Diri? [__] ça.—{: t-‘J 
2° HH 'warrior' ?g?a' [__] ?gËa? [—\] 3. HL 'Ebi' Ebi. [ ‘ - ]  Ébî? [ ' _ ]  Ébi: [ " ]  
3 .  HL 'maize' Qka. [ " “ ]  Qka? I_—] Statement Question Exclamation Command 
D .  IZON, Kolukuma dialect ( ; j o  group), personal investigation: 4 .  Ébî bo. Ébi bo? Ebi,b§! Ébi, boot 

ËËËÈ9_ÈQEËË= H: L [_ _ ' ]  [ _  _ _ ]  [ - ] [ '  _ \J 
Egg§_£g;§§: a) downdrift on each series of highs separated.by1m: 'Ebi came.‘ 'Did Ebi come?"Ebi came!‘ 'Ebi: come!‘ 

b )  complex morphophonemic rules F. KALABARI, dialect of Eastern l j o ,  Jenewari (1977) and personal 
Sentence tone: l .  statement: basic tones + tone rules investigation: 

2 .  question: slight raising of  highs, cancellatüm I 

-a Basic tones: H,  L ,  distinctive downstep ( ' )  
15” of  downdrift, final low added Tone rules: a) downdrift on each series of  highs separated by low 

- . .;„3 3 .  exclamation: general raising of  highs and of final 

€ . low: cancellation of downdrift 
. 4 .  command: slight raising o f  highs, cancellatünzof 

downdrift 

b)  complex morphophonemic rules 

§§p§§pg§_§99§: 1. statement: a) basic tones + tone rules ( for  non- 
emphasized nouns) 
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b) basic tones + (H ) ‘H  ( f i rs t  H only 
Lexical tone patterns of disyllabic nouns: LH ( 3  types), HH (2 af ter L) 

ÉË types), HL (for verb forms ending H, NPs ending in pronoun/ 
fig: EÊËË: ÊËËËËËÊËË gggggigg §¥9%§E§E££ article, and emphasized nouns, especially in an-_ 
7% 1. LH 'yam' Burü. [ _ ' ]  Buruu? [ _ \ q  Buru! [_  Ï . 
îÎ. 2. HH 'medicine' Dirî [ " ]  Difii? ['\q Dîrî' [__] swer to a queStlon) ë ' , . '  , . ° _ , " - 2 .  question: basic tones + tone rules . 
{ä .  3° HL 'sa i l '  Bala. [ _ _ ]  Bala? [ - ]  Bald! [ ' ]  3 .  exclamation: as for l b ) ,  plus general raising ? 
È §$£§££$fl%, Qgégfilgfl,‘ §§E%EE%E%%§ 939$9¥9 , 4 .  command: basic tones + tone rules + additional L „ 
fE' 4- Woni mudou. Woni mEdQQ? WÊni modo?! Weméni mu; Lexical tone patterns of  disyllabic nouns: LL, HH, HIH, HL, LH 

,; EWe-have glne ' {Have we ;äne7' Ewe:ve J ' !  {Le t ' s  9 0 5 '  EËÈÊ: Statement a )  + Question fi?2%$%£2£_äl ; . - gone. 1. LL 'yam' _ -Huru. _Hürù? [ _ _ ]  Huru'u. [ - \ ]  
% E.  NEMBE ( l jo  group), personal investigation: 2- Hg 'book' piri. piri? [ _ _ ]  Qir i f i .  [—\ ]  
% êasig_tgneg: H, L ‘ 3. H'H 'house' Wa:ri. Wazri? [ " ]  Warî° i -  [ - \ ]  
; Ï -  2999_£El€ä= a)  downdrift on each successive high even without 4, HL 'leopard' Siri. Siri? [ _ _ ]  Sir i izi. [ n /fl  
{% intervening low 5- LH 'Gogo' Gogo. Gogo? [ - ' J  Gègézé- [ a \ ]  
jg b)  complex morphophonemic rules 
:n 

p 
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Ü ?taFeT??t b) Queät3°n _ Fxclamation Command fbrm which has become generalized for certain grammatical cate- 
; 6. o bote’e o hote? o bote'e! ö 19523: germs, 
i; [_  - " ‘ ]  [ -  _ _ ]  [ -  _ “ ]  -[_ \\] d) Exclamations are formed by modification of the statement, never 

'Ë ‘He has come.‘ 'Has he come?‘ 'He has comel' 'Let him come!‘ of the question. 
%; G .  IGBO, Green and Igwe (1963) and personal investigation: CONCLUSION 1. The statement is  the most basic sentence type. 

€; .  §§§1§_§9§e§: H, L, distinctive downstep ( : )  This is probably a universal. 
€; $9ge_rgle§: a) downdrift on each series o f  highs separated bylgw Questions are formed from Statements by:  

:Ë b )  falling and rising glides formed from HL, LH a) addition o f  a floating low tone (Degema, Isoko, lzon) 
È c )  morphophonemic rules b) replacement of  a high by a low tone (Nembe, Igbo in verbal 

i i  êggteggg_tggg= 1. statement: basic tones + tone rules sentences) 
“È 2 .  question: a) intonational raising o f  high, emu, c)  addition Of  a floating high tone (Yekhee) 

,Ëï in nominal sentences d) general raising (Kana, lzon, Igbo in nominal sentences) 
.? b )  inseparable subject pronouns chamæ e) cancellation Of downdrift ( lzon) 
ËÊ from H to L , ° i n  verbal sentences CONCLUSION 2 .  Yes/no questions are marked by a question marker, 
gg 3_ exclamation: a) intonational raising of highvmm by intonational ra131ng (including cancellation of downdrift), or 

lowering of  low by both. This is probably a universal. 

b)  cancellation of downdrift Question markers are morphemes Wth are segmental + tonal 

€ 4_ command: basic tones + tone rules or purely tonal ( c f .  the introduction). The floating low tones 
f; Lexical tone patterns of disyllabic nouns: HH, LH, HL, LL, H:H of Degema, Isoko, and lzon result from morphemes which have lost 

% 2222: Statement Question Exclamation their segmental features; e . g .  in Engenni (Delta Edoid group, 

Ag 1_ HH 'head' fsi. [ - - ]  ‘E;E;_HE:'] îgîî_—Î==î— closely related to Degema) the sentence-final question marker is 
, - 2_ LH ' r a t '  Ôké. [ :_-]  Öké? [ _ ' ]  Ôké! [ _ " ]  a(Thomas, 1969) .  
“ 3_ HL 'house' Ülè- [ - _ ]  61%? [ '  ] Ü l ‘ i  [ " ]  It is also possible for the floating tone to replace the ad- 
; 4 .  LL 'earth' A15. [ _ _ ]  Äla? [ ' ]  Àlâl [ ] jacent segmental tone (Nembe, Igbo). Historically, the floating 

„TE 5_ H:H 'tooth' é izé .  [ _ _ ]  Ézé? [ = = ]  é l zé :  [ = = ]  tone first combines with the adjacent tone to form a glide (Yekhee, 

:? 6 .  ô jere âhiâ- ö jere éhié? Ö jèrè éhié: Degema, Isoko, lzon); later, the glide is simplified to a level 

3%. [_  _ _ r " ]  [_  _ _ ' " ]  [ _  _ _ _ __] tone: Nembe: *H + ‘ > *F > L 
{É 'He went to 'DidLhe go to 'He went to Igbo: *, + H > *R > L 
fl market.‘ market?‘ market!‘ 

ËQEÇLUSION 3 .  Question markers are morphemes which in a tone lan-_ 

guage always include tone and sometimes lose their segmental fea— 

tures, after which they are realized like other floating tones. 
There is gg universal that question markers must have high tone, 

;Ê Ä - ' Summary and conclusions 
" ' The statement is the most basic form of sentence, for: 

a) Most commonly the statement form uses only basic forms plus 
general tone rules (Kana, Degema, ;zçn, Kalahari (type a ) :  IgbOh’ or that they must be sentence-final- 
whereas questions and exclamations usually require extra rules. ; b Exclamations are marked by the raising of  high tones (some- 

; ‚ . _  . & ) Questions are normally formed by addition to the statement flu“ times also of 10w tones) to a greater extent than in questions, 
5% g- (Yekhee), or to the basic/statement form (Degema, Isoko, lzgn). . and sometimes by the cancellation of  downdrift (;zon, Nembe, Igbo) 
“% . È . - c )  The only case where the statement form appears more complextmm and_the lowering of low tones (Igbo). 
I ;  ; .  > : the queSt-ion i s  in Kalahari b )  ' and th i s  i s  apparently an emphatic 
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CONCLUSION 4 .  Exclamations are  marked by the raising of  tOnes, 
especially high ones, and by the increasing o f  the intervals be— 

tween tones.  This i s  probably a universal. 

Commands seem not to be primarily marked by tone/intonation 

changes . f I n  the reported cases  they either have the same pattern 

as statements (Igbo) or the statement pat tern with an additional 
floating tone marker (Nembe, Ka labar i ) ,  or with slight raising ami 
cancellation of downdrift ( I zon ) .  
CONCLUSION 5 .  Commands either resemble statements or d i f fe r  fran 

them only by the addition af an imperative marker, or by slight 
raising and elimination o f  downdrif t .  This is probably a un ivermfl .§  
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PERCEPTION OF SPEECH VERSUS NON-SPEECH 

Summary o f  Moderator 's Introduction 

David B .  P i s o n i ,  Speech Group,  Research  Laboratory o f  

Electronics,  Massachuset ts Inst i tu te o f  Technology, Cambridge, 
MA. 02139,  U . S . A .  

H i s t o r i c a l l y ,  ( t h e  s tudy  o f  speech percept ion may ‘be  

said to d i f f e r  i n  a number o f  w a y s  f rom the s tudy  o f  other 

aspec ts  o f  aud i to ry  p e r c e p t i o n .  F i r s t ,  the s igna ls  t yp ica l l y  

used to study the functioning o f  the auditory system were simple, 
d i sc re te  and t yp ica l ly  d i f f e r e d  along only a s ing le  dimension. 

In c o n t r a s t ,  Speech s igna ls  i n v o l v e  v e r y  complex spec t ra l  and 

temporal re lat ions. Secondly, most o f  the research dealing with 
audi tory psychophys ics  that  h a s  accumulated over  t h e  l a s t  t h i r t y  

years has been concerned with the discr iminat ive capaci t ies o f  
the sensory  t ransducer and the funct ion ing o f  the per ipheral  

audi tory mechanism. In the c a s e  o f  speech percep t ion ,  however ,  

the re levan t  mechanisms a r e  c e n t r a l l y  loca ted  and int imately 

re la ted to  more genera l  c o g n i t i v e  p rocesses  that  involve the 

encoding, s torage and r e t r i e v a l  o f  in format ion i n  memory.  

Moreover ,  exper iments  in aud i to ry  psychophys ics  have  ' t y p i c a l l y  

focused on exper imental  t a s k s  and paradigms that invo lve 

discr iminat ion rather  than iden t i f i ca t ion  or recogn i t ion ,  

processes thought to b e  most  r e l e v a n t  to  speech percept ion.  Thus, 

it is  generally believed that a good deal o f  what has been 
learned from resea rch  in audi tory  psychophysics and general 

audi tory perception i s  on ly  marginal ly  re levant  to the study o f  

sPeech percept ion and to an understanding o f  the underlying 

perceptual mechanisms. 

Desp i te  these obvious d i f f e rences ,  invest igators  have ,  

never the less,  been qu i te  in te res ted  in  the d i f fe rences in 

perception between speech and nonspeech signals. That such 
d i f ferences might e x i s t  was f i r s t  suggested b y  the repor t  on the 

earl iest findings o f  categorical discrimination o f  speech by  
Liberman et  a l .  (1957) .  And i t  was with this general goal in 
mind that the f i r s t  so-cal led "nonspeech control"  experiment was 

carried out by Liberman et  a l .  (1961) in  order to determine the 
basis  for the apparent d iS t inc t i veness  o f  speech sounds. 
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Numerous speech-nonspeech compar isons h a v e  been c a r r i e d  
the  y e a r s  s ince  t hese  e a r l y  s t u d i e s ,  inc lud ing severa l  

o f  the cont r ibut ions t o  the 
p a r t ,  

o u t  o v e r  

present  symposium. For the 
exper iments  h a v e  r e v e a l e d  

Except  unt i l  quite recen t l y ,  performance 
s i g n a l s  f a i l ed  to  show t he  
w e r e  

mos t  
these qu i te  s imi lar  r e s u l t s .  

w i t h  nonspeech con t ro l  
discr iminat ion funct ions that 

wi th the paral le l  set  o f  speech signals (Cutt ing 
and Rosner ,  1974 ;  Mi l ler e t  a l . ,  1976 ;  P i son i ,  1 9 7 7 ) .  In 
add i t i on ,  the nonspeech s igna ls  were  t y p i c a l l y  responded to  b y  
s u b j e c t s  a t  app rox ima t ing  

same 
observed  

l e v e l s  chance  pe r fo rmance .  Such 
be tween  speech and nonspeech s i gna l s  

r e f l e c t  b a s i c a l l y  d i f f e r e n t  modes  o f  
"speech mode" 

d i f f e r e n c e s  in  percept ion  
assumed to  

percept ion- -  a 

h a v e  been 

and an "audi tory mode". Despite 
some a t tempts  to  e x p l a i n  a w a y  t h i s  d icho tomy,  add i t i ona l  e v i d e n c e  
con t inues  to  accumulate a s  suggested b y  s e v e r a l  o f  the n e w  
f ind ings summarized i n  the papers inc luded in  t h i s  sec t i on .  

There have  been ,  however ,  a number o f  problems involved 
i n  d raw ing  compar isons between speech and nonspeech s i gna l s  t ha t  
h a v e  r a i sed  seve ra l  quest ions about the i n t e rp re ta t i on  o f  the 
resu l ts  obtained in these earl ier s tud ies .  F i r s t ,  there i s  the 
quest ion o f  whether the same psychophys ica l  p roper t ies  found in 
the speech st imul i  were  indeed p reserved  in  the nonspeech cont ro l  
c o n d i t i o n .  Such a c r i t i c i s m  seems qu i te  appropr ia te  for the 
o r ig ina l  I do / - - / t o /  nonspeech con t ro l  st imul i  which were simply 
i n v e r t e d  spec t rog rams  a s  we l l  as  the wel l -known " ch i r p "  and 
"b lea t "  cont ro l  s t imul i  o f  Mat t ing ly  e t  a1.  
c r e a t e d  b y  

(1971) that were 
formant  t r a n s i t i o n s  and s t e a d y - s t a t e s  

from speech  c o n t e x t  and then present ing them i n  i so la t i on  t o  
sub jec t s  fo r  d i sc r im ina t i on .  Such man ipu la t ions  whi le  nominal ly  
p reserv ing  the speech cue  obv ious ly  resu l t  in  a marked change in 
the spectral  con tex t  o f  the signal which no doubt a f f e c t s  the 
de tec t ion  and d iscr iminat ion o f  the or ig ina l  formant t r ans i t i ons .  
Such c r i t i c i sms  h a v e  been taken  in to  account in  the more 
exper iments  

remov ing the 

recen t  
comparing speech and nonspeech signals as summarized 

by  Dr .  Dorman and D r .  Liberman in which the 
remain ident ical  across  d i f ferent  
However ,  severa l  addi t ional  
comparisons between 
sub jec ts  in 

stimulus condit ions 
experimental manipulations. 

s t i l l  remain in 
speech  and nonspeech s i gna l s .  

experiments rare ly ” i f  

problems making 
For example ,  

these ever rece ive  any 
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expe r i ence  or  p r a c t i c e  w i th  the nonspeech con t ro l  s ignals .  With 

complex mult idimensional signals i t  may be qu i te  d i f f i cu l t  for 
subjects to  at tend to the re levant  at t r ibutes o f  the signal that 
d is t ingu ish i t  f rom o the r  s igna ls  presented i n  the expe r imen t .  A 

s u b j e c t ' s  

b e  no b e t t e r  than chance  i f  he / she  i s  no t  

per fo rmance with these nonspeech s ignals  m a y  the re fo re  

a t tend ing  s e l e c t i v e l y  
spec i f i c  c r i t e r i a l  a t t r i bu tes  tha t  d is t ingu ish the 

Indeed ,  no t  knowing what to l i s t en  fo r  may  fo rce  

to the same 
speech s t imul i .  
a s u b j e c t  t o  " l i s t en "  for an i r re levan t  or mis leading proper ty  o f  

the s ignal i t s e l f .  Since almost a l l  o f  the nonspeech experiments 
conducted in the  pas t  were  c a r r i e d  out  without the use o f  

feedback to  s u b j e c t s ,  a sub jec t  m a y  s imply focus on one aSpec t  o f  

the st imulus on one t r i a l  and an en t i r e l y  d i f f e r e n t  aspec t  o f  the 

s t imulus on the n e x t  t r i a l .  

c r i t i c i s m s ,  the 

whether d rawing  comparisons in  percep t ion  between 

ins ights  

Se t t i ng  as ide  some o f  these quest ion 

s t i l l  remains 

speech  and nonspeech s igna ls  wi l l  y ie ld  some meaningful 

in to  the  percep tua l  mechanisms deployed in  p rocess ing speech.  In 

recent  yea rs ,  the use o f  cross- language, developmental and 
compara t i ve  des igns in  speech percept ion resea rch  h a s  

t h i s  rega rd  as  a way  o f  separa t ing  out  the 

proven to  

use fu l  in 

t h a t  genet ic  

b e  qu i te  

pred ispos i t ions and exper ien t ia l  

p l a y  in p e r c e p t i o n .  For e x a m p l e ,  wh i le  i t  i s  c i t e d  w i th  

f requency tha t  chinchi l las h a v e  

c a t e g o r i z e  s y n t h e t i c  s t imul i  d i f f e r i n g  in VOT i n  a manner qu i te  

s imi lar  to  human adu l t s ,  l i t t l e  i f  anything i s  ' e v e r  ment ioned 

about the c h i n c h i l l a ' s  f a i l u re  t o  c a r r y  out the  same t a s k  w i th  

s t imul i  d i f f e r i n g  in  the cues to  p lace o f  a r t i cu la t ion  in s t o p s ,  

a d isc r im inat ion  that  even young prel inguist ic  in fan ts  have been 

Such compara t ive  s tud ies  a re  

va r ious  ro l es  

f a c t o r s  

i nc reas ing  been shown to 

shown to  b e  capable  o f  making.  

the re fo re  use fu l  in Speech percept ion resea rch  t o  the ex ten t  t ha t  

they can spec i fy  the absolute lower- l imits on the sensory or 
psychophysical p rocesses  inherent in  d iscr iminat ing p rope r t i es  o f  

the  s t imul i  t hemse l ves .  H o w e v e r ,  t h e y  a r e  i n capab le ,  in  

pr inciple,  o f  providing any further information about how these 

s ignals  might b e  " in terpre ted"  or  coded within the con tex t  o f  the 

exper ience and h is tory  o f  the organism. 

Cross- language and developmenta l  des igns  h a v e  a lso been 

qui te useful  in providing new information about the ro le  o f  

?
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ear ly  exper ience in perceptual development and the mannerin 
which se lec t i ve  modi f icat ion or tuning o f  the perceptua l  system 

t a k e s  p l a c e .  Although the l inguist ic  exper ience  and backgromm 

o f  an observer was once thought to strongly control his/hm— 
d isc r im ina t ive  capac i t i es  i n  a speech percept ion experiment, 

r ecen t  f ind ings s t rong ly  suggest that  the perceptua l  sys tem h a s a  

good dea l  o f  p l as t i c i t y  for  retuning and real ignment even into 

adulthood. The ex ten t  to  which con t ro l  ove r  the productnm 

ab i l i t i es  remains p las t ic  i s  s t i l l  a top ic  to b e  exp lored 

future research.  
in 

To what e x t e n t  i s  i t  then useful  to argue for Um 

ex is tence o f  d i f f e ren t  modes o f  percept ion for speech and 

nonspeech s ignals? Some inves t iga to rs  such a s  D r .  Ades and eva} 

D r .  Massaro would l i ke  to simply expla in a w a y  the distincthms 

drawn from ear l ier work on the grounds o f  parsimony and 

general i ty.  But this i s  a curious posit ion to  maintain as i t  is 
commonly r ecogn i zed , ‘  no t  on l y  in speech percep t ion  research  mm 

in  other a r e a s  o f  perceptual  psycho logy ,  that  s t imu l i  may  recehm 

d i f fe rent ia l  amounts o f  processing or at tent ion b y  the subject ,  
that  sub jec t s  may  o rgan ize  the i n te rp re ta t i on  o f  the senmwy 

in format ion d i f f e r e n t l y  under d i f f e ren t  cond i t ions  and that the 

sensory t r a c e  o f  the i n i t i a l  input s igna l  m a y  show on l y  a fan“ 

resemblance to  i t s  f inal representat ion result ing from encodhm 
and storage in  memory. I t  i s  hard to deny that a speech signal 
e l ic i ts  a character is t ic  mode o f  response in a human subject-- a 
response tha t  i s  n o t  simply the consequence o f  an acoustn: 

waveform leaying a meaningless sensory  t r a c e  in the auditory 

periphery. Such observations suggest to  me tha t ,  just as in um 
c a s e  o f  "spec ies- typ ica l  responding" observed in the behavior o f  

numerous other organisms, the existence o f  a speech modecfi 
percept ion i s  a way o f  captur ing ce r ta in  aspects  o f  the way humm: 

observers  t yp ica l l y  respond to speech signals that  a re  familim' 

to them. Such a conceptualization does no t ,  at least in my view. 
commit one to the v iew that human l is teners cannot respondim 
speech in other ways more c lose ly  corre lated with the sensory or 

psychoPhysical attr ibutes o f  the signals themselves. To explafli 
away the speech mode, however,  is  to deny the fac t  that a certain 
subset o f  possible acoustic signals generated b y  the human vocal 
t r a c t  a re  used i n  a d i s t i nc t i ve  and qui te systemat ic  way  b y  b°“‘ 
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talkers and l is teners to communicate b y  spoken language, a 

species-typical behavior that i s  res t r i c ted ,  as far as I know, to  

homo sapiens. Past experiments comparing the perception o f  

speech and nonspeech signals have  been quite useful  in 

character iz ing how the phonological systems o f  natural languages 

have, in some sense,  made use  o f  the general propert ies o f  

sensory systems in select ing out the inventory o f  phonetic 

features and their acoust ic cor re la tes .  The re la t ive ly  small 

number o f  d is t inc t ive  features and their acoust ic at t r ibutes 

observed across a wide var ie ty  o f  d iverse  languages suggests that 

the dist inct ions between speech and nonspeech signals s t i l l  

remain fundamental ones sett ing apart research on speech 

percept ion from the s tudy o f  audi tory psychophysics and the f i e ld  

o f  audi tory percept ion  more general ly .  
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SPEECH & NON-SPEECH: WHAT HAVE WE LEARNED? 

Anthony E .  Ades1, Max-Planck-Gesellschaft, Projektgruppe für PS?- 

cholinguistik, Nijmegen, Netherlands. 

There have been two strands o f  research in the speech/non- 

speech controversy. Firstly there are experiments where speech is 
compared to non—speech signals that have critical acoustic pr0per- g 
ties of  speech. (See WOod, 1976 ,  for references). This work has . 
shown that there is no real dif ference: the perceptual propertflw 

o f  speech arise f rom- i ts  acoustics, not from i ts  "speechlikenesyh 

This paper is  concerned with the second strand, where series 
o f  speech sounds are compared to stimuli that differ along simphn 
dimensions like pitch and intensity. I shall summarise the argmmmw 
presented in a recent theoretical article (Ades, 1 9 7 7 ) ,  and.extmm 

them to other paradigms. The conclusion I shall draw is that speech] 
non—speech differences, as well as consonant/vowel d i f ferences,do 

not result from any inherent prOperty o f  the sounds themselves, 
such as their speechlikeness, or degree o f  “encodedness” (Liber- 

man, Mattingly and Turvey, 1 9 7 2 ) ,  but instead depend on a propefiw 

of the ensembles o f  stimuli used in these experiments. 

This prOperty is the range, or width of  context, o f  the en- 

semble. One may think o f  i t  as the number o f  just-noticeable- 

differences across the series. This analysis is borrowed from 
Durlach and Braida's (1969) quantitative theory of  intensity resolu- 
tion. They and their colleagues, in the course o f  testing this 

theory, have obtained results for intensity that are quite anahxmu 
to results commonly obtained for speech. .  

There has been a consistent failure to control for the range 

variable when making comparisons between vowels, consonants, spaæm 

and non-speech. 

Identification and Discrimination 
It all started, I think, with Miller's observation (1956) flmt 

we can discriminate far better than we can identify. Consider an 
intensity discrimination experiment where the subject is askaito 
decide if two sounds are the same or different. This can be done 

reliably i f  they are about one dB apart. Now suppose that thereifle 
15 sounds, evenly spaced along a continuum spanning 25 dB. About 

( 1 )  This paper was prepared while the author held a Fellowship 
under the Royal Society European Science Exchange Programme‘ 

' 4 . »  . _ . ' _ .  : … “  
' . ‘ . ' . ‘  
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25 discriminations could be made in this space. But when the sub— 

ject i s  asked to label the stimuli with a number between 1 and 15  

(give as much practice and feedback as possible), only seven plus 

or minus two categories can be used accurately. The subject is 

distinguishing between adjacent stimuli in identification less than 

half as well as ( s ) h e  would in discrimination. How can this be? 

After a l l ,  sensitivity to acoustic signals and to dif ferences be- 

tween them must be the same in both situations. 

The answer must l ie in the memory requirements. In discrimina— 

tion there are two or more stimuli: the subject must store their 

sensory traces, compare them (perhaps by subtraction), and pronounce 

on the difference i f  any. Call this the trace mode. In the identi- 

fication case, a single sensory trace must be compared to some re— 

presentation of  the entire stimulus series. Where, the subject must 

decide, does this stimulus f i t ,  given all the others I have heard. 

This is the context coding mode. Presumably, the representation o f  

the series is not in the form o f  t races, but is in some verbal or 

numerical code. 

Now consider what happens to identification when the range of  

the ensemble is increased from 2 5  to 5 0  dB. A reasonable guess is  

that “accuracy“,  defined as the ability to place the current 

stimulus in context, expressed as a percentage o f  the s ize  o f  the 

context, will remain constant. O f  course, the absolute s ize o f  

errors, expressed in j .n .d .  terms, will now be larger. An archer 

who remains a constant 3 degrees o f f  centre will show a larger ab- 

solute error at 50 yards than at 25 .  
So far, then, we assume that in discrimination (in its ideal 

form),  the only factor affecting performance is the noisiness o f  

the representation o f  the acoustic traces. In identification there 

will be trace noise too, but there will also be context coding noise 

when the subject attempts to locate a stimulus in its context. This 

will increase as the range increases. 

The critical prediction is that as long as range is small, 

identificationyperformance will be as good as discrimination. For, 

context noise will be minimal, and trace noise will be the only 

determinant in both tasks. 

The theorising above is an informal statement of Durlach and 

Braida's (1969) quantitative theory for intensity resolution. The 
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above prediction, that as range decreases, identification improves, 

and finally approximates discrimination, was confirmed by Pynn, 
Braida,and Durlach ( 1 9 7 2 ) ,  for stimuli differring in intensity. 

And now to speech. The classic result (Studdert-Kennedy et al… 

1970) is that for series o f  consonant — vowel stimuli, discrimina- 

tion is scarcely better than identification. Given Miller's paper 
on how identification is relatively weak in non speech, i t  was 

natural to see the speech results as evidence for a speech-spectfic 

mode o f  processing. The alternative I propose is  simply that CV 

series are not unusual by virtue o f  being speech, but simply have 
relatively small ranges. I have shown elsewhere (Ades, 1977) that 
the best estimates of  the range o f  CV series make them comparable 

in j . n .d .  terms to the small ranges used by Durlach, Braida, and 

their colleagues for intensity resolution experiments. 

Typically, a series o f  synthetic speech sounds from /ba/ to 

/da/, or from /ba/ to /pa/,  spans between 3 and 5 j . n . d . s .  A serum 

of  vowels, on the other hand must stretch across about 10 j .n .d . ' s  
to  reach from one category to another. We thus expect that discrhfi: 

nation on vowels will far excede what would be predicted from iden- 

tification. This has been consistently found. Generally, thowmnit 
has been interpreted to mean that vowels are somehow less “speech- 
like" that consonants (as i f  one could have stop consonants with- 
out vowelsll It should be clear that I am trying to replace this 
rather mystical theorising with the idea that speech, non-speech, 

vowels and consonants are all the same. The observed differences 
are due to the range variable. The number o f  j . n . d . ' s  across the 
ser ies ,  can be used as a stimulus-free approximation o f  the size 

o f  the range. 

More complex experiments 

In certain cases, the range has an ef fect in discrimination 
exPeriments,not just in identification. This is because certain 
variations in the task parameters may make it profitable for the 

subject to operate in the context mode, i . e .  to do identification: 

as ,  for instance, when the procedure adds noise or interferencetfi  

the sensory trace mode. We can predict that any manipulation that 

makes comparison o f  traces harder will only worsen performancg_$§ 

the range is large! For, i f  the range is small, the subject can 

escape the trace noise, slip into the context-coding mode and not 
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suffer too much from context noise. 

In these cases it is important how discrimination is tested: 

i f t m e  pair to be discriminated randomly changes from trial to trial, 

thmathe e f fect ive range is the range o f  the entire series. 

Bu t i f  the same pair is tested many times before another part o f  

tme series is tested, the e f fec t ive  range will obviously be very 

small. It turns out that in speech research the ”roving level" 

method is always used. Thus procedures that cause trace comparison 

H a b e  harder, such as increasing the time interval between the two 

stnmfljq or by forcing the subject to compare three traces at a 

inns rather than two, such procedures will, in roving level testing, 

make the range variable cr i t ical.  

Experiments o f  this type have been done with vowels and con- 

mnmnts (Pisoni, 1973,  1 9 7 5 ) .  As we predict from the Durlach and 

Inaida model, manipulations that worsen discrimination have a 

stronger e f fec t  on vowels than on consonants, because, according 

ba the  range hypothesis, the small range o f  consonants makes 

escape into context—coding possible without running into context 

Immmry noise. In intensity resolution, Berliner and Durlach (1973) 
hawashown that increased time delay between stimuli to be discri- 

IMnated‘worsens resolution only i f  the range is large. 

The l'anchor" e f fec t  and RT Experiments 
The same ideas can be applied to other paradigms where speech 

aminon-speech have been contrasted. In the two areas that follow 

Icwnfess  to being less certain o f  my argument, because I do not 

hmm of  research where the range variable has been systematically 
studied. 

Firstly, the "anchor e f fec t “ .  A series o f  sounds varying in 
piüfllis constructed and the subject asked to identify them as 

“fish“ or "Low". If an endpoint stimulus (the anchor), say the 
lüghest pitched one, is presented two or three times as often as 
unaothers, the entire identification curve is shifted towards to 

flmeanchor. However, such shifts do not occur in stop—consonant 

Nudes (Sawusch and Pisoni, 1 9 7 3 ;  Simon and Studdert—Kennedy, 1 9 7 8 ) .  

Agahn we might expect that the different ranges o f  pitch and 

finmonant.series are involved. We may assume a 5 j .n.d.  range for 
umzspeech series. The pitch series went from 114 Hz to 150 Hz:  

amnmung a difference limen of 0.5 Hz for pitch (Klatt, 1973), this 
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series would span over 50 j . n . d . s .  Both Simon e t  a l . ,  and Sawusch 

et a l . ( 1974 )  also found a strong anchor e f fec t  in a series varying 
in intensity. This covered 18 dB in one experiment and 24 in the 
other, about 20 j . n . d . s .  

Certainly, then, the range dif ferences between the speech and 

non speech series were marked. But why should the range determine 

the anchor ef fect? I.have no formal answer to this, but it is clear 
that anchor e f fec ts  cannot be located in the trace mode. Also, Ber— 

liner, Durlach and Braida ( 1 9 7 7 )  have shown that the "edge e f f e c t " ,  

whereby resolution in identification is better at the ends o f  a 
continuum than in the middle, and which is identified in their model 
as a perceptual anchoring e f f ec t  in the context coding mode, is 

enhanced by increased range. 

A second paradigm is a Reaction Time task where the subject 

must press one o f  two buttons depending on whether the stimulus is 

/ba/ or / da / ,  95 whether it has high or low pitch. The point here 

is that i f  the subject is  responding to the speech distinction, ir- 

relevant variation in pitch slows the RT. However, irrelevant 

variation in place of  articulation has a much smaller ef fect  on RT 
to the pitch distinction (Day and Wood, 1 9 7 2 ) .  Wood (1973) also 
showed that there was mutual interference between pitch and inten- 
s i t y ,  and also between place o f  articulation and voicing. This was 

interpreted as revealing two separate systems: such that there was 

interference within each, speech with speech, non-speech'with nons 

speech; but no interference between. 

The alternative is that both pitch and intensity discriminations 

are easy, while both place and voicing are harder. Interference will 
occur i f  the irrelevant variation is as salient or more salient than 

the distinction being tested. The situation where interference is 

least is  precisely the one where the discrimination (pitch) is  

much more salient than the interfering dimension (p lace) .  

Finally, let me add that the point I have been trying to make 
for discriminations gg identification, anchor ef fects ,  and RT ex- 
periments has already been forcefully made for experiments on the 

Precategorical Acoustic Store ( P A S ) ,  and on the hemispheric latera— 

lisation o f  speech. The fact that sets o f  stop-consonant-vowel 

syllables produce no recency e f fec t  in PAS, whereas sets o f  vowels 

do, has been taken to mean that consonants and vowels are differen- 
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tially "encoded" (Liberman et al… 1 9 7 2 ) .  But Darwin and Baddeley 

( 1 9 7 4 )  have shown that the vowel/consonant distinction here is 

irrelevant: what controls the recency e f f ec t  i s ,  again, the dis- 

criminability of  the items within the ensemble. Similarly, the same 

factor is critical in determining the degree of hemispheric 

lateralisation for vowels (Godfrey, 1 9 7 4 ) .  

Seasissiens 
At the very least i t  must be conceded that explorations o f  

speech/non—speech and vowel/consonant differences might be meaning- 

less unless factors corresponding to discriminability across the 

stimulus ensemble are controlled. I t  is obvious that the range 

variable is all-important in the experiments briefly reviewed 

here. In addition, once range is controlled for ,  a single unified 

theory for all stimuli seems well within reach. And this is sure— 

ly preferable to one theory for non—speech, a second theory for 

consonants, (and an-in-between theory for vowels) .  

Whether or not the above pr0posals are correct, the entire 

speech/non—speech issue seems to have acquired a l i fe  of  its own, 

which i t  fights for against all odds. However, according to the 

views expressed here, it has taught us very little, and has simply 

served to direct out attention from the real problems of  speech 

perception, exemplified for example in automatic recognition 

(Klat t ,  1 9 7 7 ,  for a rev iew) ,  where the psychological contribution 

remains slight and engineering solutions prevail. 
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SOME PSYCHOACOUSTIC FACTORS IN PHONETIC ANALYSIS 

Pierre L.  Divenyi, Veterans Administration Medical Center, Martinez, 
California, 94553 .  

From an eth010gica1 point o f  view, Speech represents a complex 
acoustic stimulus that has the greatest survival value for man. 

Physically Speaking, speech is complex in two ways: i ts Spectral 
) composition, over any epoch o f  arbitrary length, i s  extremely rich, 
’ and this Spectral composition is continuously varying over time. 
’ The information density represented by the Speech signal is enor- 

maus; yet,  the human auditory system, despite its limited capacity, 
is able to receive and decode such a complex signal with remarkable 
efficiency. The desire to provide a reasonable eXplanation for such 
efficiency, as well as the need for descriptive data on the percep- 
tual processes that permit reception and decoding o f  Speech, pro- 
vided much o f  the motivation behind the greatest part of  the Speech 
perception research accomplished to date. The emerging body o f  ex- 
perimental findings, in turn, has constituted the background for a 
number o f  theories and models o f  Speech perception. The leitmotiv 
of many o f  these theories, including some major contemporary ones, 
is that speech represents a special acoustic signal that must be 
handled by the auditory system in a Special way (=Speech mode), in- 
volving special processes and mechanisms (=phonetic feature detec- 
tors, e t c . ) .  While the Special nature of  Speech and Speech percep— 
tion processes can hardly be diSputed (because of their aforemen- 
tioned high survival value), some recent results demonstrating 
speech discrimination by young infants and animals have established 
the need for an alternative theoretical approach-v one that would 
take into account, at least to some extent, some "wired-in'l prOper- 
ties of  the auditory mechanisms. The purpose o f  the present paper 
is to invoke some basic preperties o f  the human auditory system 
and to ref lect on the consequences o f  these prOperties for the pho— 

netic analysis of  the Speech signal. 

EEYChOPhysical reality of the Speech signal 

Classical psychoacoustics research and classical Speech per- 
ception research have progressed on traditionally separate (and not 
always parallel) paths. The reasons for this divorce, considered by 
some cynics as permanent until quite recently, were numerous, one 

°f them being the_overwhe1ming concern o f  psychoacousticians with 

Simple acoustiC' signals and peripheral.auditory processes. How- ' 
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ever,  for the last couple o f  decades, the situation has gradual“) 
changed: availability of  SOphisticated stimulus control, the gnwh 
ing pOpularity of  a systems approach to perceptual problems,amd 
interdisciplinary orientation of an increasing number of  researdp 
ers have signaled the beginnings of  a (hOpefully) new era. IndeaL 
psychoacoustics appears to be no longer afraid of spectrally and/ 
or temporally complex sound patterns and researchers seem to ad- 
dress with greater freedom issues involving'more central processmn 
Thus, i t  has become possible to take a fresh look upon the SpeedI 
signal as a stimulus to the auditory system, and to interpretiis 
perception in terms of  a certain number o f  discrete psychoacomfldc 
processes. For reasons of  economy, only a few major ones will be 

discussed here. 
Peripheral analysis and time—frequency trade. Peripheral anab 

ysis of auditory signals operates under a constraint not unlike 
Heisenberg's Uncertainty Principle, as defined for elementary par- 
ticle physics. According to this principle, in any given system 
frequency resolution ( A f )  can be traded for temporal resolution 
(At)  and vice versa, such that their product AfA t  remains constmuu 
In the ear, such a relation is generally true only within certah: 

limits (McGill, 1968) ;  Spectral resolution is limited by the Crür 
ical Bands (roughly 1/4 to 1/3 octaves in width: Zwicker e t  a l . ,  

1957) and temporal resolution by the e a r ' s  “time window" (a  time 
constant o f  roughly 8 msec; Penner, l978).  Within these 1imits,1mw- 

ever, this principle predicts that, to increase resolution in um 
spectral domain, temporal resolution must be sacrificed, andxfice 
versa (Ronken, 1971). The validity of  this prediction is proved 
by experimental results: discrimination o f  the frequency of pure 
tones deteriorates as their duration decreases (Moore, 1973) and: 
conversely, perception o f  the fine temporal structure o f  the stür 

ulus is possible only for wide-band signals (Green, 1971). 
Thus, the length o f  the effective time window and the width 

of the effective internal filter continuously adapt themselvestm 
the spectral-temporal characteristics o f  the stimulus. The outamæ 

of such an analysis will be a sequence of  “neural Spectra“ (Klath 
1978) or “central Spectra“ (de Boer, 1977) —— a series of  quasi- 
stationagy auditory events of variable duration. The temporal arr 
straint signifies that peripheral analysis o f  acoustic (speechcx 
non-speech) signals cannot be extended beyond the duration of umse 
auditory events. 
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Pitch perception. According to contemporary theories (Plomp, 

1975), pitch o f  complex signals is extracted by periodicity analy- 

sis o f  the internal Spectrum ( i . e . ,  by taking i ts Fourier trans- 

fonm. Thus, any complex signal gives rise to two different pitch 

eXperiences: a "spectral pitch" (=formant analysis) and a "virtual 

;fltch" (or low pitch or residue pitch [=periodicity analysis]),  the 

former being a prerequisite for the latter. The existence region 

of virtual pitch is limited to pitch periods not shorter than about 

2 msec (< 500 H z ) ;  the degree o f  i ts salience is a composite func- 

tion of  the spectral region (formant region), the serial number and 

the relative intensity o f  the component harmonics, and the periodi- 

city rate i tself (Ritsma, 1962 ) .  In complex signals consisting o f  

several consecutive harmonics virtual pitch is determined by the 

eight lowest harmonics, especially those around the third (Houtgast, 

1 9 7 4 , . 2 6 4 ) ,  but, interestingly, the fundamental is not dominant. 

Virtual pitch is not an absolute concept: it reflects a sta- 

tistical approximation to a periodicity that derives from the en- : 

mmble of peaks in the internal spectrum (de Boer, 1977). It has % 
also been proposed (Terhardt, 1974) that.virtual pitch actually‘re- ' 

;mesents a Gestalt prOperty of  complex sounds —- a pr0perty that is 

as much a result o f  learning as that o f  purely sensory processes. 

Such a hypothesis helps account for some systematic pitch shift 

gmenomena that are otherwise difficult to interpret. 

Temporal organization. Since peripheral analysis is limited 

to short temporal intervals, the sequences o f  “neural Spectra" which 

temporally-complex signals generate must be organized into percep- 

tually meaningful units by some higher-level auditory centercs).  

Such a perceptual organization in pimp obeys rules that are reminis- 

cent of the Gestalt principles that govern the perception o f  visual 

figures in.§2§g§ (e.g. ,  law of  closure, law of proximity, etc; .Kof f -  

ka, 1935) and, ultimately, leads to the percept of an auditory pat— 
Esra (Divenyi and Hirsh, 1978).  Among the general rules of auditory 

Füttern perception there is one o f  primary importance: two succes— 1- 

sive auditory events can be Optimally resolved in time only i f  they 

occur in identical Spectral bands. For example, auditory discrimina- 
tion of short (10-30 msec) intervals defined by the onsets o f  two 

brief tones gradually deteriorates when the two tone frequencies 

become increasingly different (Divenyi and Sachs, 1978) .  Similarly, 

recoqnition o f  the temporal order o f  successive tones remains ac— 

curate only as long as all tone frequencies are within the same nar- 
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row band —- otherwise the sequence breaks into separate "auditory 
streams" (Bregman and Campbell, 1971). 

The concept o f  “listening bands". The three above mentioned 
limitations, i . e . ,  trade-off o f  time resolution — frequency reso- 
lution, limits o f  periodicity analysis, and restriction o f  accu— 
rate temporal organization to auditory events within the same nar- 
row Spectral band, are generally valid for the processing of  any 
auditory signal, simple or complex. However, since Speech consti- 
tutes an auditory stimulus in which the spectral information is 
generally distributed over several bands (Specific to a given pho- 
netic unit),  i ts  processing will be further complicated by yet 
another limitation: the auditory system is  unable to simultaneous- 
ly monitor several bands without loss o f  information (Green, 1961).  
The consequence o f  such a limitation is that auditory processing 
along various acoustic dimensions will be degraded by frequency 
uncertainty, i . e . ,  by leaving the listener in doubt as to the fre- 
quency region in which the forthcoming auditory event is to appear. 
For example, frequency uncertainty will degrade detection (Creelman, 
1972) and frequency discrimination (Watson, 1976) of  a pure tone, 
as well as rec0gnition of  temporal—order patterns of  several suc- 
cessive tones (Divenyi and Hirsh, 1 9 7 8 ) .  

In order to overcome the e f fec t  o f  frequency uncertainty, the 
auditory system tends to spontaneously "tune" its focus of  listen— 
ing to the narrow band at or around the input frequency; it will 
usually remain focused at this listening band in the absence o f  any 
stimulus for at least several seconds (Johnson, 1978) .  Thus, at any 
given time, the auditory System's choice of  a listening band is de— 
termined by the frequency characteristics of  the last input. One o f  
the possible reasons for the detrimental e f fect  o f  frequency uncer- 
tainty is that Shifting the listening focus from one band to another 
seems to take time (Divenyi and Hirsh, 1 9 7 2 ) .  Moreover, attending 
to more than one Spectral band at once will also degrade listening 
efficiency (Swets, 1963) —- the information processing capacity o f  
the ear is ,  indeed, quite limited. The surprising finding is that 
the l istener's knowledge with regard to the frequency of  the forth— 
coming stimulus is 225 sufficient to completely eliminate the fre— 
quency uncertainty ef fect :  to tune the listening band to a new re- 
gion some sound ( i . e . ,  a 223) must occur (Johnson, 1 9 7 8 ) .  

The locus of the tuning mechanism most probably lies above the 
auditory periphery: contralateral cues, too, have been found to be 

) 
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effective in establishing the listening bands (Gilliom et a l . , l979)  

Relevance to Speech perception 

The question o f  great interest to many is  how a system-having 

the preperties described above is likely to behave when confronted 

with a Speech signal. While a great deal more experimental data 
than what we have to date are needed to answer this question (even 
in a marginally acceptable manner), i t  is nonetheless possible to 
give a cursory outline of the ef fects of auditory processing on 
Speech sounds. Again, because o f  Space limitations, the picture 

presented here will be sketchy and less than exhaustive. 
Segmentation. As a direct result of  the time resolution — f re-  

quency resolution trade—off,  any complex signal in which narrow- 
band and wide-band portions alternate will be automatically seg- 

mented at a peripheral level. Since, in Speech, transitions from 
wide—band to narrow-band acoustic segments (and vice versa) rough— 
ly correSpond to phonetic segment dividers, each o f  these transi- 
tions (smoothed by the ear 's  time window function) will produce 
marker signals at the auditory periphery. Thus, the series o f  audi- 
tory events (="neural Spectra") which some higher—level centers 
will organize into perceptual units will actually be a succession 
of phonetically meaningful elements. 

Speaker invariance. The mutual interdependence o f  waveform 

periodicity, spectrum of complex sounds, salience o f  virtual pitch, 
and salience o f  Spectral pitch can account for much of the formant 
frequency - fundamental frequency relations observed in vowel pro— 
duction and perception (Fujisaki and Kawashima, 1 9 6 8 ) .  Since vowels 
(=quaSi-steady-state sounds) are analyzed in a narrow-band~mode, 
relatively small Spectral variations may be detected by the audi- 
tory system. Such a large degree o f  sensitivity may provide the ex— 

planation underlying the notion that vowel perception is "contin- 
uous'I rather than "categorical". 

‘ Categorical perception and selective adaptation. In CV Syl- 

lables, eSpecially in step—vowel pairs, the initial consonant is a 
wide-band transient: therefore, nothing compels the auditory system 
to tune the listening band to any particular position of  the spec- 
trum. The relative freedom of tuning that derives from wide-band 

stimuli enables the auditory system to select a frequency region 
to which i t  will spontaneously direct its focus before the onset 
of the CV sound. Such strategies may possibly originate in learning: 
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category boundaries that characterize certain features are known 
to be language-bound. However, strategies for positioning the 
listening band are by no means absolute: a sound o f  d i f ferent spec- 
tral-temporal characteristics (Speech or non-speech, see Samuel 
and Newport, 1979)  presented prior to the CV stimulus could serve 
as a cue (Johnson, 1978) and make the auditory system choose a d i f— 
ferent listening band. Thus, select ive adaptation e f f e c t s  could 
be re-interpreted in terms of  pre-cueing and listening bands. 

Such an interpretation is  quite straightforward when one looks 
upon category boundary shif ts observed for the feature o f  place- 
of-articulation in adaptation experiments: the acoustic basis for 
this feature is  almost exclusively spectral .  Explanation of  bound— 
ary shi f ts of  the voiced-voiceless category, a predominantly tem- 
poral feature, is somewhat more complex. Since temporal organiza- 
tion o f  acoustic events heavily depends on temporal cues contained 
in some narrow band, perception o f  the feature o f  voicing wil l  be 
a function o f  the discriminability of  voice-onset-time inside one 
(or several) narrow spectral r e g i o n ( s ) .  However, when a brief 
auditory time interval is  marked by a pair o f  sounds of  identical 
spectral composition, temporal masking (forward or backward) of  one 
marker by the other could decrease the discriminability of the 
interval (Divenyi and Sachs, 1978 ) .  Because the relative energy 
of  the consonant and the vowel varies from one band to another 
(thereby also causing the amount of  temporal masking to va ry ) ,  the 
choice o f  the monitored band will be cr i t ical in determining the 
VOT boundary. Thus, tuning the listening band to different spectral 
regions will result in di f ferent voicing boundaries. An adaptor 
stimulus (by virtue of  i t s  potential role as a c u e ) ,  therefore, may 
alter the natural position o f  the listening band for a given CV 
syllable, thereby producing a shift in the category boundary. It 
i s  conceivable that perceptual-productive acquisition o f  different 
phonetic patterns could also be associated with different spectral 
positions that the listening band will spontaneously occupy: thus, 
the present theory is consistent with the language—dependent nature 
o f  voicing category boundaries. 

Time invariance implies that the relative duration o f  certain 
phonetic segments is irrelevant. Experiments on the perception of  
non-speech sound sequences (Watson, 1976: Divenyi and Hirsh, 1978) 
have shown that the emergence o f  an auditory pattern (a t  least with- 
in certain limits) does not depend on the absolute duration of  the 

) 
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components. Thus, it follows that the rate at which the speech seg- 
ments ("neural Spectra") of the speech sounds occur will not change 
the "figural properties" o f  the patterns. 

Conclusion: Whither phonetic analysis? 

When attempting to examine Speech processing on the auditory 

level, one finds that the product o f  auditory analysis possesses 
several characteristics that are customarily thought to belong to 
the realm o f  phonetic analysis (feature analysis, e t c . ) .  While i t  
is readily acknowledged here that many crucial experiments needed 
to prove (or disprove) critical points have not yet been performed, 
and that straight extrapolation of non—speech auditory data to 
Speech-bound processes may often be risky, we.fee1, nevertheless, 
that auditory analysis of the speech signal well exceeds the limits 
imposed on i t  by several widely accepted theories. The view that 
phonetic analysis may not be an indispensable stage in speech pro- 
cessing is concordant with the Opinion exPressed in some studies 
on the perception o f  Speech by man (Ades, 1976) or the recognition 
of speech by machine (Klatt, 1978 ) .  An alternative view, one that 

we would like to prOpose herewith, is that speech perception may 
be regarded as a Special class o f  auditory pattern perception -— 
Special only because we have learned these patterns so well. 
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cm THE IDENTIFICATION OF SINE—WAVE ANALOGUES OF CV SYLLABLES1 

bflchael F .  Dorman,2 Haskins Laboratories, 2 7 0  Crown Street, 

bmw Haven, Connecticut 06510,  United States o f  America 

In order to answer the question - Do infants perceive speech 

phonetically? — the stimulus continuum presented to the subjects 

nmst have phonetic category boundaries which are clearly dissoci- 

ated from auditory category boundaries. For,  if the two boundaries 

coincide, then the sub jec ts '  basis for response can not be deter- 

nüned. This situation, in the view of  several authors, character- 

izes the identification of  categories along the voice—onset—time 

(VOT) continuum. For example, Pisoni (1977)  suggests that the 

auditory categories of  simultaneous and nonsimultaneous onset could 

tnfierlie infants' discrimination along the VOT continuum. 

In the present series of experiments our aim was to determine 

mmether auditory categories may also underlie infants'  ability to 

(fiscriminate between stop consonants which di f fer in place o f  artic- 

tflation. An examination of the stimuli used in Eimas' (1974) and 
hüller and Morse 's  (1976) studies o f  infant place discrimination 

suggests a possible psychoacoustic basis for the discrimination be- 

tween [ b a e ]  and [ d a e ]  — i . e . ,  the discrimination could be based on 
the difference between frequency change and no frequency change in 

the second and third formant transitions. While the outcomes of  

the two studies lend little support to this position, we felt ,  
nevertheless, that i t  would be important for future research to 

assess whether auditory categories generally coincide with phonetic 

categories along a continuum of F2 and F3 change. 
The procedure used in our experiments was to present adults 

nflth consonant-vowel (CV) syllables synthesized with formant struc- 
ture and CV analogues synthesized with frequency and amplitude 
nwdulated sine waves. Our rationale for this approach was that if 

listeners placed category boundaries at the same place along both 
the speech and nonspeech continua, then we should believe that, 

for these stimuli at least ,  the phonetic category boundaries co— 

incide with acoustic category boundaries. These stimuli, of course, 

vmmld be inappropriate for use with infants. I f ,  on the other hand, 

(1) This research was a collaborative e f fo r t  among Dr. Peter 
Bailey, Dr.  Quentin Summerfield and myself.  

(2) Also, Arizona State University, Tempe, Arizona 85281, United 
States of America. 
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the two boundaries did not coincide, then the speech stimuli couhi 
well prove probative in studies o f  infant speech perception. 

The stimuli for our f irst experiment were a [ b o - d o ]  continmml 
and a [ b e - d e ]  continuum (see  Figure 1 ) .  The f i r s t  and third 
formants in both continua were identical - only the second formant 
d i f fered between the two. The parameter values were selected so 
that both continua would be physically symmetrical but phonethxflly 
asymmetrical. We intended the phoneme boundary along the [bo—do] 
continuum to be associated with a falling transition so that the 
majority o f  the stimuli would be heard as  [ b o ] .  In contrast, we 
intended the phoneme boundary along the [ b e - d e ]  continuum to be 
associated with rising transitions so that the majority of  the 
stimuli would be heard as [ d e ] .  In this way we intended to dis- 
sociate phonetic boundaries from auditory boundaries that may ac- 
company f la t  as opposed to rising or falling transitions, or fran 
auditory boundaries that might simply coincide with the center of 
the stimulus range. 

To generate identification functions for these stimuli, we 
presented the stimuli to our listeners in an AXB format. 0n.each 
trial three stimuli were presented; the f i rs t  and third members f 
the triad were the end points o f  the continuum, the second member 
was a stimulus drawn randomly from that continuum. The task of 
the listeners was to  indicate whether the second stimulus wasrmme 
like the f i rs t  or more like the last member of the triad. We chose 
this task to avoid a problem usually associated with the absolute 
identification of  nonspeech stimuli - that listeners have moretfi f -  
ficulty attaching category labels to the nonspeech stimuli than 
to the speech stimuli. By presenting the end points of the sthmflns 

continuum on each trial in both the speech and nonspeech conditimm. 
we hOped to make the identification task equally difficult inlxmh 
conditions. 

Turning now to the result o f  our f i rs t  experiment, we see in 
Figure 2 the identification function for the speech signals. As 
predicted there were more [ b ] — l i k e  responses for the [ b o - d o ]  COH- 
tinuum than for the [ b e — d e ]  continuum. However, the differencelm- 
tween the locations of the phoneme boundaries fe l l  short of  sig- 
nificance. In contrast to the largely asymmetric identification 
functions shown for the formant stimuli, the identification func- 
tions for the sine—wave analogues. shown in Figure 3 ,  coincide 
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throughout their range. We would conclude from this outcome that 

at least the [ b o - d o ]  boundary does not coincide with an acoustic 

category boundary. There a re ,  however, two possible interpreta— 

tions o f  this outcome: the asymmetrical categorization o f  the for-  

mant continua could either be correlated with the way the stimuli 

are heard — as  speech or nonspeech — or may simply be correlated 

with the different spectral properties o f  the formant and sine— 

wave stimuli. To rule out the latter possibility we would like 

the same physical signal to be heard as  speech-like in one con— 

text and as nonspeech in another. I f  the category boundaries d i f -  

fered in this instance then it  certainly could not be argued that 

spectral differences account for the outcome. Fortunately, the 

sine-wave stimuli used in our experiment f i t  this requirement nice— 

ly. After we instructed our listeners as to the nature of the 

sine—wave stimuli, they readily agreed that the stimuli could be 

heard a s  stop initiated. 

The outcome o f  this experiment (when the sine waves were heard 

as speech) is shown in Figure 4 .  The pattern of  results is clearly 

very different from that when the sine waves were heard a s  non- 

speech. Here,  the two functions no longer overlap. As with the 

formant stimuli, the major i ty o f  the [ b o - d o ]  analogues were heard 

as [b]—l ike.  Moreover, the category boundaries along the two con- 

tinua di f fered significantly. I t  is clear that the pattern of  re— 

sults obtained when the sine waves were heard as speech-like is 

more akin to that obtained for the formant stimuli than for that 

obtained when the sine waves were heard as non-speech. It appears, 

then, that the dif ference between the speech and nonspeech condi— 

tions was not due to the spectral differences as such, but, rather, 

was due to the way in which the stimuli were heard. 

To assess the reliability of our f irst experiment we conducted 

a second experiment. For this experiment we synthesized a single 

[ba—da] continuum and a corresponding nonspeech analogue with sine 

waves. The speech continuum was more natural sounding than either 

of those used in our f i rs t  experiment and, perhaps as  a consequence, 

many listeners heard the sine—wave analogues as speech-like without 

PrOmPting. Thus, we were able to divide our subjects into two 

groups on the basis of their perception of the sine-wave stimuli. 

The identification function for the subjects who heard the 

sine waves as speech is shoWn in Figure 5 along with the identifica- 
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quite similar and two phoneme boundaries fall to the right of the 
mid-point o f  the stimulus continuum. In contrast, the identifica- 

tion function for the subjects who heard the sine waves as non— 

speech appears quite different from that generated in response to 
}! the formant stimuli (see Figure 6 ) .  This difference is reflected 

in the significantly f latter slope of  the nonspeech function and 

fewer [D ]— l i ke  responses to the nonspeech stimuli. 

Summary l-Êä 

? _Î . Earlier in this paper we raised the question of whether audi— 
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Æ tory category boundaries generally coincide with phonetic category 

i f  boundaries along FZ—F3 continua. Unfortunately, our results pro- 

' vide an equivocal answer; the [ b o — d o ]  boundary in our f i rs t  ex- 

periment did not seem to coincide with the auditory boundary, but 

the phonetic and auditory boundaries in the second experiment were 

uncomfortably close. Nevertheless, we have gained a significant 

purchase on a methodology that will allow us to dissociate audifiny 

and phonetic boundaries. We see, then... an Opportunity to construct 

: Î ' ä  continua which will be of use in the study of the ontogeny of  pho- '7 
; . netic perception. .' 

Moreover, we see quite clearly that the perceptual system ' 

categorizes sine-wave stimuli as a function of how they are heard: 

when heard as speech they are categorized like formant stimuli; (") N 

when heard as nonspeech they are categorized differently. We is 

should wonder then what mechanisms underlie this changing percept jr 

of an unchanging stimulus. The nature of  those mechanisms w i l l t æ ,  > 

I believe, the topic of Dr. Bailey's and Dr.  Summerfield's paper. 
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PERCEPTUAL LEARNING OF MIRROR-IMAGE ACOUSTIC PATTERNS1 
M.E.  Grunke and D . B .  P i s o n i z ,  Psychology Depar tment ,  Ind iana 

Un ive rs i t y ,  Bloomington,  Indiana u7uo1 U . S . A .  

The phonet ic un i t s  o f  spoken language a r e  o f t e n  mapped in a 

one-to-many fashion onto their acoust ic  representat ions in 
speech. As a consequence, a chi ld acquir ing language must in 
some way b e  ab le  t o  recogn ize  a v a r i e t y  o f  d i f f e r e n t  acous t ic  

signals a s  members o f  the same phonetic ca tegory .  For example, 
the /b/  in the syl lable /ba/  i s  character ized by  rapidly r is ing 

fbrmant t rans i t ions  i n to  the fo l lowing v o w e l ,  whereas the  same 

consonant in the syl lable lab/ i s  character ized b y  rapidly 
fall ing formant t r ans i t i ons .  

In v i ew  o f  the l a c k  o f  one- to-one correspondence be tween 

phonemes and_ the i r  acoustical representat ions in speech, i t  would 
seem advantageous for  a chi ld learn ing language i f  the var ious  

acoust ical  forms o f  a pa r t i cu la r  phoneme were  re la ted to each 

other perceptua l ly .  In f a c t ,  the acous t i ca l  representa t ions  o f  

stop consonants in  in i t ia l  and f inal posi t ion, although 
physical ly d i f f e r e n t ;  a r e  r e l a t e d :  s top  consonants in f inal  

syl lable posi t ion a r e  roughly t he  m i r ro r  image i n  t ime o f  their 

counterparts in in i t ia l  posit ion. But are  mirror-image acoustic 
patterns inherent ly  re la ted  perceptua l ly  for the  l i s tener?  

The issue o f  the perceptual  re la tedness  o f  mi r ror  image 

acoustic pat terns  was addressed recen t l y  in  a ser ies  o f  

experiments b y  K la t t  & Shattuck (1975)  & Shattuck and K la t t  
(1976).  They presented br ie f  pure-tone acoustic patterns to 
adult l i s teners  who had to  make a s imi la r i ty  judgment. The 

acoustic pat terns were two-component f requency gl issandos with a 

short-term spectral composition similar to the formant 
transit ions in speech. 

The resu l ts  o f  these exper iments did not  support the 

original hypothesis that mirror-image acoustic patterns are 
intrinsically similar for a l istener. Instead, judgements o f  
Perceptual similarity for these patterns were based primarily o n .  

1) This research was supported by  NIMH research grant 
HH-2u027-ou, NIMH Post-doctoral fellowship MH-5823—03 to MEG and 
a fellowship from the Guggenheim Foundation to DBP. 
2) Currently at the Speech Group, Research Laboratory o f  
Electronics, M. I .T.  Cambridge, Mass. 
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the d i r e c t i o n  o f  the  lower  g l issando component ,  the component 

occurr ing in the reg ion o f  the second formant. 

We h a v e  conduc ted  t h r e e  expe r imen ts  tha t  a l so  add ress  the 

ques t ion  o f  whether  mi r ro r - image acous t i c  p a t t e r n s  a re  

i n t r i n s i c a l l y  r e l a t e d .  H o w e v e r ,  we used  acous t i c  pa t t e rns  tha t  

inc luded a s t e a d y - s t a t e  cons tan t  f requency ( C F )  po r t i on  a s  wel l  

as  a rap id  f requency gl issando (FM) .  In add i t ion ,  we used a 
percep tua l  l ea rn ing  paradigm in  which l i s t e n e r s  had to l ea rn  t o  

map four d i f f e r e n t  acous t i c  p a t t e r n s  i n t o  two  response 

c a t e g o r i e s .  We wanted to  know which o f  s e v e r a l  mapping 

arrangements o f  these pa t te rns  would be  eas ies t  for  l is teners to  
l e a r n .  

St imul i  

Three s e t s  o f  s t imu l i ,  w i t h  four s i gna l s  per  s e t ,  were  

generated using a complex-tone generat ing program (Kewley-Por t ,  
1 9 7 6 ) .  Each stimulus component consis ted o f  a 60 msec l inear 
r i s e  or  f a l l  (FM)  in  f requency and a 1 4 0  m s e c  cons tan t - f requency  

(CF) port ion.  The four s ignals within a se t  d i f f e r e d  in whether 
the f requency  t r a n s i t i o n  was r i s i n g  or f a l l i ng  and whether the 

t r ans i t i on  p receded  o r  fo l lowed the s t e a d y - s t a t e  po r t i on .  

The th ree  s t imu lus  s e t s  d i f f e r e d  i n  the  number o f  component 

t o n e s ,  e i the r  o n e ,  t w o  or  t h r e e .  Frequency  v a l u e s  were se lec ted  

to cor respond t o  v a l u e s  o f  the  f i r s t ,  second ,  and th i rd  formants 

in the syl lables / b a / ,  I d a / ,  / a b / ,  and / a d / .  For the Single-Tone 
s e t ,  the  pa t t e rns  cor responded to  the f requency  o f  t he  second 

formant .  For  the Double-Tone s e t ,  component f requenc ies  

corresponded to  the  second and t h i rd  fo rman ts .  For the 

Triple-Tone s e t ,  a l l  three formants were represented although the 
f requency t r ans i t i ons  cor responding to  the  f i r s t  formant a lways  

r o s e  when i t  p receded  the s t e a d y - s t a t e  and fe l l  when i t  f o l lowed 

the s t e a d y - s t a t e ,  i n  accordance with the formant mot ions observed 

in na tu ra l  speech.  

Experimental Procedure and Design 

In the perceptua l  learn ing task  one st imulus from a 

par t icu lar  set  was p resen ted  v i a  headphones on each  t r i a l  t o  

sub jec ts  who responded b y  p ress ing  one o f  t w o  response  bu t tons .  

C o r r e c t  feedback w a s  p rov ided  a f t e r  each  response accord ing to 

one o f  three st imulus mapping arrangements.  In the Mirror-Image 

———-l 
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condi t ion,  st imuli with a r is ing transi t ion preceding the 
s teady—sta te  ("—_“) or  a fal l ing transit ion fol lowing the 
s teady-s ta te  (“““—\) were assigned to one response (R1)  whereas 
stimuli w i th  a fal l ing t rans i t ion  preceding the s teady-s ta te  
(x…—__) or a r i s i n g  t r ans i t i on  fo l low ing  the s t e a d y - s t a t e  (___—‚0 
were ass igned to  the other response ( R 2 ) .  In the Rise-Fal l  
cond i t i on ,  s t imu l i  w i th  r i s ing  t r ans i t i ons  e i the r  p reced ing  or 
fol lowing the s teady-state (/————-————’) were assigned to one 
response:  the two  stimuli with fall ing transi t ions (‘————--————\) 
were ass igned  t o  the  o the r .  In the Temporal -Posi t ion cond i t i on ,  
the s t imul i  were  ass igned to  responses  accord ing  to  the temporal 
pos i t i on  o f  t h e  t r a n s i t i o n s  - -  whether  the  t r ans i t i on  preceded  

( f — — \ - — )  or fol lowed (--——\-—-—-/) the s teady-s ta te  
f requency .  

In add i t i on  to  tes t  t r i a l s  on which responses  were 
co l l ec ted ,  s tudy  periods were  a lso in te rspersed t o  he lp sub jec ts  

learn  the appropr ia te  s t imulus-response mapping. During s tudy  

p e r i o d s ,  s e v e r a l  r epe t i t i ons  o f  each  o f  the t e s t  st imuli were 

p resented wh i l e  feedback was p rov ided .  

R e s u l t s  and D i scuss ion  

Responses  w e r e  analyzed in te rms o f  number c o r r e c t  b y  

s t imulus.  O f  the three mapping cond i t ions ,  the Temporal-Posi t ion 

condit ion showed the highest performance with 8 8 . 5 5  co r rec t .  
More impor tan t l y ,  h o w e v e r ,  the Mirror-Image condi t ion produced 

more a c c u r a t e  respond ing ,  78% c o r r e c t ,  than the R ise -Fa l l  mapping 

condit ion wi th 68.3% co r rec t  response. 

With r e s p e c t  t o  stimulus s e t ,  the Double-Tone st imul i  showed 

slightly be t te r  performance, 81.6%, than the Single-Tone s e t ,  
with 78 .7%.  However ,  the Triple-Tone set which more closely 
resembled speech showed the  poorest  performance w i t h  only 7u .51  

c o r r e c t .  

These r e s u l t s  h a v e  s e v e r a l  impl icat ions for learn ing  o f  

acoust ical  pat terns resembling speech. F i rs t ,  the eas iest  
stimulus mapping condition to learn was the one based on the 
temporal posit ion o f  the t ransi t ion in the pat tern - -  a 
re la t ionsh ip  that  c lear ly  d o e s  no t  requ i re  the sub jec t  t o  analyze 

out  the component f requencies a t  onset  or  o f f s e t .  Sub jec t s  can 

simply use temporal posit ion ( i . e . ,  in i t ia l  v s .  f ina l )  as the 
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mos t  sa l ient  d imension for learn ing and ignore a l l  other 

d i f f e r e n c e s .  Second ,  i t  i s  a lso  apparent  f rom our r e s u l t s  that  

when the  pos i t ion  o f  the  t r a n s i t i o n  becomes an i r r e l e v a n t  

a t t r i bu te  to  b e  ignored b y  the s u b j e c t ,  a st imulus arrangement 

b a s e d  on  a m i r ro r - image  re l a t i onsh ip  i s ,  in  f a c t ,  eas ie r  to  l ea rn  

than one  b a s e d  on  on l y  t h e  d i rec t ion  o f  f requency change o f  the 

t r ans i t i ons .  Thus,  whi le mi r ror - image pa t te rns  a r e  n o t  the same 

p e r c e p t u a l l y ,  s u b j e c t s  a r e  neve r t he less  able t o  r e c o g n i z e  and 

s e l e c t i v e l y  a t tend  to  the c r i t e r i a l  p roper t i es  o f  the st imul i  

t ha t  de f ine  the i r  equ iva lence.  In both o f  t hese  mapping 

cond i t i ons ,  sub jec t s  must  "hear -ou t "  the ind iv idua l  components o f  

the pat terns  and respond  to them s e l e c t i v e l y .  

In Exper iment  1 we used tonal  pa t te rns  so that the stimuli 

would n o t  b e  heard  a s  speech.  The r e s u l t s  would b e  un in te res t ing  

i f  sub jec ts  simply heard these pa t te rns  a s  speech and used 
phonet ic labe ls  t o  mediate acqu is i t i on .  By th is  i n te rp re ta t i on ,  

mirror- image pat te rns  would be super ior  to  
d i rec t ion-o f - t rans i t ion  mapping because the st imul i  within a 

mi r ror - image pai r  evoke  the same phonetic label  —— i . e .  "b" or 

" d "  —- and n o t  because  the i r  con f igura l  p roper t ies  a r e  

i n t r i ns i ca l l y  r e l a t e d .  To study the e f f e c t s  o f  ca tegor i za t ion  on 

pe rcep tua l  learn ing we c a r r i e d  out another exper iment to  

determine how we l l  sub jec ts  could i den t i f y  these pa t t e rns  when 

exp l i c i t l y  provided w i th  labels  that  emphasized a t ten t ion  to  

e i ther the acoust ic  or phonet ic p roper t i es  o f  the s t imul i .  

Experimental  Procedure and Design: Experiment 2 

In Experiment 2 sub jec ts  were required to  i den t i f y  the 

stimuli into one o f  four categories provided b y  the experimenter. 
In the Acoustic-Label condit ion, sub jec ts  were told that the 
s t imul i  were tones  consis t ing o f  a shor t  in te rva l  w i t h  constant  

p i t ch ,  fol lowed or preceded b y  a rap id  r i s e  or fa l l  in  p i tch.  

The acoust ic  labels  were  schematic l ine drawings  o f  the t ime 

course o f  the frequency change o f  each stimulus (/————‚‘\———- , 
————\‚ -——~’). In the Phonetic-Label condit ion, subjects were 
told that  the st imuli were modif ied tokens o f  natura l  speech and 

were provided with the labels / b a / ,  I da / ,  lab/ ,  and lad / .  
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R e s u l t s :  Expe r imen t  2 

For  the S ing le-  and Double-Tone s t imul i ,  acous t i c  l a b e l s  
w e r e  matched  m o r e  a c c u r a t e l y  than phonet ic  l abe ls .  This e f f e c t  
was  r e v e r s e d ,  h o w e v e r ,  fo r  the Tr ip le—Tone s t imu l i ,  where  
phonetic labels were more accura te  than acoustic labels .  The 
add i t i on  o f  a component in  the r e g i o n  o f  the  f i r s t  formant  
marked l y  i n c r e a s e d  the a c c u r a c y  o f  phonet ic  c a t e g o r i z a t i o n  wh i le  
dec reas ing  pe r fo rmance  w i th  acous t i c  l a b e l s .  N o t e ,  h o w e v e r ,  tha t  
the  l o w  tone for  each  Tr ip le-Tone s t imulus  had e i t he r  an i n i t i a l  
r i s i n g  or f i na l  fa l l i ng  t r ans i t i on  which d i d  not  pa ra l le l  the 
d i r e c t i o n  o f  the  o ther  t r a n s i t i o n s .  The p resence  o f  t hese  
c o n f l i c t i n g  f requency  g l i ssandos  no doubt p roduced i n t e r f e r e n c e  

in  the acoust ic  labeling condit ion. 

In Exper iment  1 acqu is i t i on  per formance was  poorer  for  

Triple-Tone st imuli  than for Single- and Double-Tone st imul i ,  a 
p a t t e r n  which was r ep l i ca ted  here on l y  in  the Acous t i c  Labe l  

cond i t i ons .  Thus ,  these r e s u l t s  support the i n te rp re ta t i on  tha t  

sub jec t s  in  Exper iment  1 w e r e  l i s ten ing pr imar i ly  i n  an aud i t o r y ,  

ra the r  than phonet ic  mode and s t rong l y  suggest  tha t  

phonet ic-mediat ion was no t  respons ib le  for  the outcome observed  

e a r l i e r .  

The m i r r o r  image p a t t e r n s  used  here a lways  shared th ree  

p roper t ies  in  common: ( 1 )  t h e y  had  the same s t eady -s ta te  

f requencies,  ( 2 )  the frequency t rans i t ions a t  onset  and o f f s e t  
had the same short-term spectra l  composit ion, and ( 3 )  members o f  
a g iven mirror- image pair had roughly the same average frequency. 
These th ree proper t ies a re  po ten t ia l  f a c t o r s  tha t  cou ld  

con t r ibu te  t o  the sal ience o f  m i r ro r - image p a i r s  and the 

advantage observed  i n  l ea rn ing .  The f i r s t  fac to r  could no t  h a v e  

p layed a r o l e  i n  the ear l ie r  resu l t s  s i nce  a l l  p a i r s  w i th in  a 

st imulus s e t ,  whether mir ror—image or  n o t ,  had ident ica l  

s teady -s ta tes .  However ,  the other  two p roper t ies  could have  been 

used a s  re l i ab le  d isc r im ina t i ve  cues  b y  sub jec ts  to  f ac i l i t a te  

learn ing.  

To determine which o f  these acoust ic  a t t r i bu tes ,  i f  a n y ,  was  

responsib le  for the advantage observed i n  learn ing  mirror- image 

pa i rs ,  we repeated Experiment 2 adding two additional stimulus 
s e t s ,  one wi th average f requencies and the other wi th the 
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t r ans i t i ons  ad jus ted  to b e  e q u a l .  

cons tan t  

We a lso  included the original 
s t e a d y - s t a t e  s t imu l i .  WOuld the  m i r ro r - image  condi t ion 

con t i nue  t o  show an advan tage  in  learn ing under these t w o  new 

st imulus cond i t i ons?  

Exper imen ta l  P rocedure  and Des ign :  Exper iment  3 

The exper imenta l  procedure was  the same a s  Exper iment  1. 

Double-Tone used and the 

mapping Three 

st imulus s e t s  were  c o n s t r u c t e d ,  aga in  wi th  four s t imul i  per s e t .  

Each s e t  

used  

H o w e v e r ,  on ly  s t imul i  w e r e  

Tempora l -Pos i t i on  cond i t ion  was e l im ina ted .  

conta ined the  i n i t i a l — r i s i n g  and f i na l - f a l l i ng  stimuli 

ea r l i e r .  For the wi th t ransi t ions,  
f requency va lues  for  the i n i t i a l - fa l l i ng  and f i na l - r i s i ng  stimuli 

w e r e  se t  than i n  the p rev ious  e x p e r i m e n t ,  s o  that  the 

t r ans i t i ons  were  i den t i ca l  f o r  a l l  s t imu l i .  

were 

s t imul i  i den t i ca l  

l ower  

These t w o  st imul i  

lowered in f requency fo r  the Average-Frequency s e t  to  

make a l l  s t imul i  equal in  ave rage  f requency .  

a l s o  

R e s u l t s :  Exper iment  3 

The d i f f e r e n c e  in  per formance be tween  Mirror- Image and 

R i se—Fa l l  mapping cond i t ions  was  rep l i ca ted  wi th  the 

Cons tan tnSteady—Sta te  s t imu l i .  The d i f f e r e n c e  between 

Mir ror- Image and R ise-Fa l l  w a s ,  h o w e v e r ,  even  g rea te r  for the 

s t imu l i  t r a n s i t i o n s .  conta in ing ident ica l  H o w e v e r ,  fo r  the 

Average-Frequency s t imu l i ,  no  s i gn i f i can t  d i f f e r e n c e  was found 

between the two  mapping cond i t i ons .  Thus,  on the  one hand,  the 

advan tage  o f  Mirror-Image over  Rise-Fal l  mapping c a n  b e  made more 

pronounced b y  ad jus t i ng  the f requency t r ans i t i ons  t o  b e  ident ica l  

whereas the d i f fe rence can  be at tenuated 
h a v e  the 

subs tan t ia l l y  b y  

ad jus t i ng  a l l  st imul i  t o  same ave rage  frequency 

i r r e s p e c t i v e  o f  the temporal and spec t r a l  p roper t ies  o f  the 

p a t t e r n s .  

Conc lus ions  

Mirror-Image acous t i c  pa t te rns  show an advantage in 

perceptua l  learning because s u b j e c t s  respond no t  on ly  to  

ind iv idua l  components o f  these pa t t e rns  but a lso  t o  proper t ies  o f  

the entire pat tern in terms o f  i t s  conf igural  shape. Subjects do 
no t  seem to  a t tend se lec t i ve l y  t o  on ly  the g ross  shape o f  the 

spectrum a t  onset or o f f s e t  but prefer  instead to integrate and 
deploy sa l ien t  cues  conta ined in bo th  the t rans i t i ona l  and 

GRUNKE & PISONI 467 

Steady-s ta te  por t ion  o f  the e n t i r e  p a t t e r n s .  In the  c a s e  o f  

Mirror—Image pa t te rns ,  c r i t e r i a l  d i f fe rences  between the 

responses happen also to b e  corre lated with sa l ient  and 

well-defined redundant proper t ies o f  the pat terns such as average 

pitch which was an i r re levan t  and uncorre lated dimension when the 

patterns were arranged in the Rise—Fal l  mapping condi t ion.  

I t  i s  apparen t  f rom these resu l t s  wi th  nonSpeech s i g n a l s  

having p rope r t i es  s imi lar  to  Speech t ha t  d i f f e r e n c e s  i n  "mode o f  

processing" can also contro l  perceptual se lec t i v i t y  and in f luence 

the pe rcep t ion  o f  i nd iv idua l  components o f  the st imulus p a t t e r n  

as wel l  as  the en t i r e  p a t t e r n  i t s e l f .  

on  whether the s u b j e c t ' s  a t t e n t i o n  i s  
This can  occur  i n  qu i te  

d i f fe ren t  depending 

d i rec ted to  cod ing  the 

qual i t ies  o f  the 
. 

pa t te rns  h a v e  been ob ta ined in a perceptua l  learn ing t a s k  d e s p i t e  

o f  these acous t i c  

ways 
aud i t o r y  p r o p e r t i e s  or  the phonet ic  

p a t t e r n s .  These n e w  r e s u l t s  o n  m i r ro r—image  

the repor t  t ha t  the perceptual  s im i l a r i t y  

p a t t e r n s  cannot  b e  recogn ized  consc ious ly  b y  s u b j e c t s  a s  shown b y  

ear l ier  expe r imen ts .  
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DUPLEX PERCEPTION AND INTEGRATION OF CUES: EVIDENCE THAT SPEECH 
IS  DIFFERENT FROM NONSPEECH AND SIMILAR TO LANGUAGE 
A l v i n  M .  L i b e r m a n ,  H a s k i n s  L a b o r a t o r i e s ,  New H a v e n ,  C o n n e c t i c u t  

The o b s e r v a t i o n s  r e l e v a n t  t o  a compar ison o f  speech and 
nonspeech - -  the s u b j e c t  o f  our symposium -— can be d i v i d e d ,  ac- 
co rd ing  t o  o n e ' s  p u r p o s e s ,  i n t o  s e v e r a l  c l a s s e s .  As my c o n t r i -  
b u t i o n  t o  our  d i s c u s s i o n ,  I wou ld  c a l l  you r  a t t e n t i o n  t o  two .  In 
the one c l a s s  a re  t hose  r esea rch  f i nd ings  tha t  can e n l i g h t e n  us 
about speech as a p u t a t i v e  mode o f  pe rcep t ion ,  d i f f e r e n t  phenom- 
e n o l o g i c a l l y  f rom o the r  aspec ts  o f  aud i t i on .  In  the o t h e r  c lass  
a re  t hose  f i nd ings  t h a t  pe rmi t  us t o  see one o f  the p o s s i b l y  
un ique  c h a r a c t e r i s t i c s  o f  speech as an i ns tance  o f  a correspond-  
i n g l y  unique c h a r a c t e r i s t i c  o f  language.  

Phonet ic—percept ion  as a mode. Perhaps the most  d i r e c t  way 
t o  observe  the c h a r a c t e r i s t i c  d i f f e r e n c e s  between pe rcep t i on  i n  
the phone t i c  and aud i t o r y  modes i s  t o  c o n t r i v e  t o  have the same 
s t imu lus  pa t t e rns  p e r c e i v e d ,  e i t h e r  a l t e r n a t i v e l y  o r  s i m u l t a n e -  
ous l y .  as speech and nonspeech.  The f i r s t  repor ted example was 
by Lane and Schne ide r  ( 1 9 6 3 ) .  Us ing  more o r  l e s s  unnatura l  syn- 
t h e t i c  speech t h a t  sampled the cont inuum o f  vo i ce -onse t—t ime  
from v o i c e d  t o  v o i c e l e s s  s y l l a b l e - i n i t i a l  s t o p s ,  they under took 
t o  ob ta in  d i s c r i m i n a t i o n  func t i ons  under two c o n d i t i o n s :  i n  one, 
they t o l d  the s u b j e c t s  they wou ld  hear  speech ;  i n  the o the r .  a r -  
b i t r a r y  sounds o f  a complex s o r t .  I n  the even t ,  the d i sc r im ina -  
t i on  func t i ons  were d i f f e r e n t :  those  ob ta ined  i n  the "speech“  
cond i t i on  showed the  usua l  peak a t  t he ’ phone t i c  boundary,  w h i l e  
those f rom the o ther  c o n d i t i o n  d i d  n o t .  

A more recen t  and thoroughgoing exper iment  o f  t h i s  general  
type has been car r ied  out by Ba i ley ,  e t  a l .  (1977).  Inasmuch 
as i t  i s  t o  be repo r ted  a t  t h i s  symposium, I w i l l  say no more 
about  i t .  

In  bo th  o f  these  s t u d i e s ,  s t imu lus  pa t te rns  were heard as 
speech o r  nonspeech.  bu t  n o t  a t  the same t ime .  L e t  us turn now 
t o  those cases i n  wh ich  the two pe rcep ts  a re  e x p e r i e n c e d  s imu l -  
taneous ly .  Such dup lex  pe rcep t ion  was accomp l i shed  f i r s t  by 
Rand (1974),  and appl ied by him t o  percept ion o f  the t rans i t ion  
cue f o r  s y l l a b l e - i n i t i a l  s t o p s .  I n t o  one ea r  he put  j u s t  the 
b r i e f  second-  and th i rd - fo rmant  t r ans i t i ons  tha t  a re  s u f f i c i e n t .  
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in the appropr ia te  con tex t .  t o  produce the p e r c e i v e d  d i f f e rence  
in place among [b ] ,  [ d ] ,  and [ g ] .  By themselves, these t rans i -  
t ions sound more l i k e  a nonspeech ' c h i r p '  than anyth ing e l s e .  
Into the o the r  e a r ,  he pu t  the rema inder  o f  the  pa t te rn .  L e t  us 
ca l l  i t  the ' b a s e ' .  By i t s e l f ,  the  base sounds more o r  l e s s  l i k e  
a s y l l a b l e .  To some l i s t e n e r s ,  indeed, i t  appears to  be a stop- 
vowel s y l l a b l e  b u t ,  hav ing  a f i x e d  a c o u s t i c  s t ruc tu re ,  i t  can ,  
of course ,  produce on ly  one s t o p ,  no t  a l l  th ree .  The i n t e res t -  
ing e f fec t  occurs when the t r ans i t i on  cue and the base are pre-  
sented d i cho t i ca l l y  (and i n  approximately the r i gh t  time rela— 
t ionship),  fo r  then the l i s tener  fuses the two inputs so as to  
perceive the three coherent  s top -vowe l  s y l l a b l e s  he wou ld  have 
perceived had the two inputs been mixed e lec t ron ica l l y  (and pre- 
sented b i n a u r a l l y ) ,  w h i l e  a t  the same t ime pe rce i v i ng  the ' c h i r p '  
he would have pe rce i ved  had the t r a n s i t i o n  cues been p resen ted  
in  i s o l a t i o n .  (The ch i r p  i s  hea rd  i n  the e a r  t o  wh ich the i s o -  
lated t rans i t i ons  are  p resented ;  the s y l l a b l e  i s  heard  i n  the 
other e a r . )  T h u s ,  the same b r a i n  p e r c e i v e s  the same s t imu lus  
input i n  two phenomeno log ica l l y  d i f f e r e n t  ways ,  as speech and 
nonspeech. a t  the  same t ime.  T h i s  p r o v i d e s ,  a t  the very l e a s t ,  
an exce l l en t  way t o  ga in  an imp ress ion  o f  what  the d i f f e rence  
between phonet ic  and aud i to ry  modes sounds l i k e .  

Being i n t e res ted  i n  the p o s s i b i l i t y  o f  us i ng  Rand's  tech-  
nique fo r  the purpose o f  f u r t h e r  and more near l y  p r e c i s e  com- 
par isons o f  the phonet ic  and aud i to ry  modes, I succeeded i n  re -  
producing the phenomenon, b u t  expe r i enced  d i f f i c u l t y  i n  ge t t i ng  
i t  to  be suf f ic ient ly  s tab le  to  permit  the further invest igat ions 
I had i n  mind.  Recen t l y ,  however ,  Dav id  Isenberg  and I (1978)  
have produced a dup1ex pe rcep t  l i k e  tha t  o f  Rand, but  e a s i e r  t o  
hear,  we t h i n k ,  and a l s o ,  p e r h a p s ,  more s t a b l e .  He f o l l owed  
Rand's procedure,  but  changed the s t imu lus  pa t t e rn .  In  pa r t i cu -  
lar ,  we thought i t  advisable t o  make the c r i t i ca l  (and iso la ted)  
cue be the th i rd - fo rmant  t r a n s i t i o n .  The advan tage ,  i n  tha t  
case, migh t  be tha t  the remainder  o f  t he  pa t t e rn  —- a l l  o f  the 
f i r s t  and second formants, p lus the steadyestate por t ion o f  the 
third formant - -  would be qui te f u l l  and speechl ike. According- 
ly. we chose the cont ras t  [ r ]  vs [ l ] ,  put t ing the c r i t i ca l  third- 
formant t r a n s i t i o n  cue i n t o  one e a r  and the remainder ( t he  base)  
in to  the o ther .  I t  was q u i c k l y  apparen t  tha t  t h i s  arrangement 
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d i d  make i t  r e l a t i v e l y  easy  t o  o b t a i n  the dup lex  p e r c e p t .  
t es t s  w i t h  a number o f  l i s t e n e r s  con f i rmed  t ha t  they c o u l d ' w m r .  
r ec t l y "  hear [ r ]  o r  [1 ]  (depending on which t rans i t i on  cue was 
p r e s e n t e d ) ,  w h i l e  s imu l taneous l y  h e a r i n g  the t r a n s i t i o n  cue a s a  
c h i r p .  

H a v i n g  thus  found  t h a t  the  s imu l taneous  f u s i o n  and separa- 
t i o n  o f  the two par ts  o f  the pa t te rn  (base and i s o l a t e d  t rans i -  
t i o n )  seemed t o  o c c u r  e a s i l y  and c o n s i s t e n t l y ,  we under took fur- 
t h e r  t e s t s .  The one I wou ld  b r i e f l y  d e s c r i b e  he re  was designed 
t o  assess the  e f f e c t s  on the dup lex  pe rcep t  o f  s e p a r a t e l y  vary-  
i n g  the  i n t e n s i t y  o f  t he  two  s t i m u l u s  components .  We observed, 
f i r s t ,  t h a t  chang ing  the i n t e n s i t y  o f  the t r a n s i t i o n  cue caused 
changes i n  the p e r c e i v e d  loudness  o f  the c h i r p ,  bu t  no such 
changes i n  the fused [ r a ]  or [ l a ] ;  changes i n  the perceived lomh 
ness o f  the fused [ r a ]  and [1a]  seemed t o  occur only as a rennt 
o f  v a r i a t i o n s  i n  the  i n t e n s i t y  o f  the base .  

To tes t  th is  man i fes ta t ion  o f  duplex i ty  more systematicany, 
we c a r r i e d  out  t he  f o l l o w i n g  exper iment .  On each  t r i a l ,  we pre- 
sen ted  t o  the l i s t e n e r  a sequence o f  d i c h o t i c  p a i r s  i n  which Hm 
t r a n s i t i o n  component ( i n  one e a r )  v a r i e d  between the [ r ]  cue and 
the  [ l ]  cue a c c o r d i n g  t o  some predetermined order .  A l s o ,  on cam 
t r i a l  we v a r i e d  t h e  i n t e n s i t y  o f  ( l )  the t r a n s i t i o n  cue ,  o r  (2)  
the base, o r  (3 )  ne i ther .  The l i s t e n e r ' s  task was t o  t e l l  the 
o rder  o f  [ r a ]  and [ l a ]  s y l l a b l e s  he h e a r d ,  and,  i n  a d d i t i o n ,  
wh i ch  l o u d n e s s e s ,  i f  a n y ,  had changed.  The r e s u l t s  i n d i c a t e d  
t ha t  our  l i s t e n e r s  w e r e ,  i n  f a c t ,  f u s i n g  the  d i c h o t i c  i npu ts  to  
hear  the ' c o r r e c t ‘  s y l l a b l e ,  w h i l e  a t  the same t ime d i s s o c i a t i n g  
the loudnesses  by a s s i g n i n g  the i n t e n s i t y  o f  t he  t r a n s i t i o n  cue 
t o  the ch i rp  and the i n t e n s i t y  o f  the  base t o  the  f u s e d  speech 
pe rcep t .  We f i n d  t h i s  phenomenon i n t e r e s t i n g  i n  i t s  own r igh t .  
bu t  a l s o  as a b a s i s  f o r  fu r ther  i n v e s t i g a t i o n  i n t o  the properthfi 
o f  the two components - -  speech and nonspeech —- o f  the duplex 
p e r c e p t .  C o n s i d e r ,  i n  t h a t  connec t ion ,  an e a r l i e r  s tudy by Mat- 
t i n g l y  e t  a l  (1971)  t h a t  compared the d i sc r im ina t i on  o f  a trmßi- 
t ion  cue when, i n  the one case, i t  was presented i n  i so la t ion  mm 
p e r c e i v e d  as a c h i r p ,  and when, i n  the o the r ,  i t  was i n  i t s  
p roper  p l a c e  i n  the speech p a t t e r n ‘ a n d  cued a phone t i c  d i s t i nc -  
t i o n .  Tha t  s tudy  found d i f f e r e n c e s  i n  the d i s c r i m i n a t i o n  pattern 
under the two  c o n d i t i o n s ,  bu t  the i n t e r p r e t a t i o n  o f  tha t  f ind ing 

‘flllll 

Indeed,§ 
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was s u b j e c t  t o  the r e s e r v a t i o n  tha t  the  t r a n s i t i o n  cue was,  a f t e r  
a l l ,  i n  d i f f e r e n t  c o n t e x t s .  By t ak i ng  advantage o f  the dup lex  
percep t ,  we c a n ,  pe rhaps ,  ob ta i n  r e s u l t s  that  w i l l  a v o i d  the need 
fo r  t ha t  r e s e r v a t i o n  and thus speak more s t ra i gh t f o rwa rd l y  t o  the 
d i f fe rence  between speech and nonspeech. 

The in tegra t ion  o f  cues i n  speech and syntax. One o f  the 
most genera l  c h a r a c t e r i s t i c s  o f  speech i s  tha t  the i n f o r m a t i o n  
appropr ia te  t o  a p h o n e t i c  segment i s  t y p i c a l l y  c o n t a i n e d  i n  a 
numerous v a r i e t y  o f  c u e s ;  moreover ,  these are w ide l y  d i s t r i b u t e d  
through the s i g n a l  and sometimes ove r lapped  w i t h  cues f o r  o ther  
phones. T h i s  i s  so  because o f  the na tu re  o f  a r t i c u l a t i o n  and co— 
a r t i cu la t ion  (Cooper, 1963; Fant ,  1973): the various components 
o f  an a r t i c u l a t o r y  g e s t u r e ,  d i s t r i b u t e d  as they are  i n  t ime,  
spread t h e i r  a c o u s t i c  consequences through the s i g n a l .  Thus ,  the 
c l o s i n g  and open ing ges tu res  app rop r ia te  t o  an i n t e r v o c a l i c  s top  
a f f e c t  the  du ra t i on  o f  the p reced ing  s y l l a b l e  and a l s o  i t s  o f f -  
s e t ,  the occur rence and dura t ion  o f  an i n t e r v o c a l i c  s i l e n c e ,  and 
the temporal  and spec t ra l  c h a r a c t e r i s t i c s  o f  the onse t  o f  the  
f o l l o w i n g  s y l l a b l e .  Conve rse l y ,  and as a r e s u l t  o f  c o a r t i c u l a -  
t i on ,  i n fo rma t ion  about  s u c c e s s i v e  segments i s  o f t en  c o l l a p s e d  
i n t o  a s i n g l e  acous t i c  segment and conveyed s imu l t aneous l y ,  as i n  
the case o f  most  consonant -vowe l  s y l l a b l e s .  Yet  the  speech p ro -  

cessor somehow s o r t s  the  c u e s ,  as i t  w e r e ,  a s s i g n i n g  each t o  the 

appropr ia te  p a r t  o f  the p e r c e i v e d  phone t i c  s t ruc tu re .  More to  

the p o i n t  o f  our  p resen t  pu rpose ,  i t  “ i n t eg ra tes "  i n t o  a un i ta ry  

percept  a l l  the cues f o r  a p a r t i c u l a r  phone,  no mat ter  how v a r i -  

ous and w i d e l y  d i s t r i b u t e d  the  cues may be (L iberman and Studder t -  

Kennedy, 1 9 7 7 ;  Repp e t  a l ,  1978;  B a i l e y  and Summer f ie ld ,  1978 ;  

and Dorman e t  a1 ,  1978 ) .  I t  i s  d i f f i c u l t  t o  see how t h i s  can be 

accompl ished by ord inary  aud i to ry  mechanisms, so we assume phonet-  

i c  processes spec ia l i zed  for  the purpose. 
Cons ide r ,  f o r  example ,  the above-ment ioned exper iment  by 

Repp e t  a l .  I t  deal t  w i th  perception o f  the utterance: "Did 
you see the gray (g rea t )  snip (ch ip)?"  The variables o f  in te res t  
were (1)  the nature o f  the nex t - to - las t  word, which was biassed 
either toward grgy_or great; (2) the duration of the si lent in- 
terval  between gray (g rea t )  and ship ( c h i p ) ,  and (3) the durat ion 
of the f r i ca t ive  noise i n  ship (chip)- 

Le t  us now l ook  f i r s t  a t  the  " fo rward"  ac t i on  o f  an e a r l i e r -  
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occu r r i ng  cue on a l a te r -occu r r i ng  one:  g i ven  a perceptua l  
boundary between 5312 and ghip_that var ied  according t o  the du, 
ra t i on  o f  the f r i c a t i v e  noise and a l so  the durat ion o f  the pre- 
ced ing  s i l e n t  i n t e r v a l ,  there was a fu r ther  v a r i a t i o n  tha t  de- 
pended,  o ther  th ings  e q u a l ,  on whether  the preced ing word was 
biassed toward 5331 or great .  Now consider an e f fec t  i n  the op- 
pos i te  d i rec t ion  - -  the “backward" act ion o f  a la ter -occurr ing 
cue on the pe rcep t i on  o f  an e a r l i e r - o c c u r r i n g  one .  T h i s  was ex -  
empl i f ied  by the f ind ing that  the l i s tener  perceived gggy or 
g rea t  depend ing .  a l l  e l s e  e q u a l ,  on the du ra t i on  o f  t he  f r i c a t i v e  
n o i s e  i n  ship; w i t h  o the r  cues p roper l y  s e t ,  the l i s t e n e r s  per-  
c e i v e d  ' g r a y ‘  when the du ra t i on  o f  the f r i c a t i v e  n o i s e  ( i n  the 
n e x t  s y l l a b l e )  was r e l a t i v e l y  s h o r t ,  bu t  g rea t  when i t  was re la -  
t i v e l y  l o n g .  T h u s ,  the pe rcep t ion  o f  g;gy_cou1d be changed to  
g rea t  by add ing f r i c a t i v e  no ise  i n  the s y l l a b l e  tha t  f o l l o w e d  
the t a rge t  word .  

Apparen t l y ,  the l i s t e n e r s  i n  t ha t  exper iment i n teg ra ted  
i n t o  a un i ta ry  phone t i c  pe rcep t  a va r i e t y  o f  a c o u s t i c  cues tha t  
s t r e t c h e d  o v e r  at  l e a s t  two  s y l l a b l e s  and over lapped  complete ly  
w i t h  cues r e l e v a n t  t o  o ther  phones.  Bu t  how does the l i s t ene r  
do t h i s ?  More s p e c i f i c a l l y .  how does he know when to  s t op  in te -  
g ra t ing?  Look ing  a t  the v a r i e t y  o f  cases o f  t h i s  t ype ,  we con- 
c lude  tha t  the  i n t e g r a t i o n  pe r i od  i s  marked ne i ther  by a temporal 
c r i te r ion  ( in tegra te  every x msec), nor by an acoust ic  one ( in -  
t eg ra te  every  t ime a p a r t i c u l a r  k i n d  o f  sound i s  hea rd ) .  Rather. 
the i n t eg ra t i on  seems t o  occur  over any s t r e t c h  o f  the s igna l  
tha t  con ta ins  the a c o u s t i c  consequences o f  j u s t  those a r t i cu la -  
tory maneuvers t h a t  are  the per iphera l  re f lec t ions  o f  the speak- 
e r ' s  i n t e n t  t o  produce a pa r t i cu la r  phonet ic  segment .  we must 
wonder .  then.  how the l i s t e n e r  de l im i t s  the p rope r  span ove r  
wh i ch  t o  i n t e g r a t e .  i n  what  form he ho lds  the p re - i n teg ra ted  
c u e s .  and what  he does w h i l e  w a i t i n g .  

Cons ide r  now.  though b r i e f l y .  how analogous t h i s  i s  t o  what 

happens i n  the decod ing  o f  syn tax .  S u r e l y ,  the meaning o f  a 
syntact ic  s t ructure ( e . g . .  a sentence) cannot be had except as 
the l i s t e n e r  takes  account o f  the words the s t ruc tu re  comprises.  

As i n  the phone t i c  c a s e ,  the s i z e  o f  t h i s  s t ruc ture  i s  no t  de- 
f i ned  by a temporal c r i t e r i on .  nor by an a c o u s t i c  one. Rather .  
i t  appears t o  be any number o f  words t ha t  are r e l evan t  t o  the 
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syntact ic s t ruc tu re ,  and that  depends, i n  turn,  on the nature o f  

the message the  speaker  means t o  convey.  H e r e ,  t oo ,  t hen ,  we 

must wonder how the l i s tener  knows when the s t ructure i s  complete, 
in  which form he holds the words pending completion. and what he 

does w h i l e  w a i t i n g .  
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ISSUES IN SPEECH PERCEPTION 

Dominic W. Massaro, Department o f  Psychology 
University o f  Wisconsin, Madison, Wisconsin, 5 3 7 0 6 ,  USA 

My goal in the present paper is to address what I believe 
to be some important issues in the study of  perception o f  speech 
and nonspeech sounds. The issues are discussed in the framework 
of binary contrasts. The binary framework was deemed appropriaug 
because o f  both linguistic precedent and limited psychological<m- 
pacity. Some hierarchical organization of  the issues is probmfly 
Optimal but I have been reluctant to provide one; the reader can 
sor t ,  add to ,  delete, and order the issues as she or he chooses. 
Templates versus features 

Speech sounds may be gestalt units that cannot be further 
analyzed or reduced in terms of  other attributes. I f  speech con- 
sisted of  a sequence o f  indivisible sounds, then Speech analysis 
would be limited to some variation of  a template matching scheme. 
For successful analysis, an additional template would be needed 
for every unique speech sound. Although this possibility may be 
linguistically and psychologically correct, it leaves the student 
very l it tle to do beyond a general recording and tabulation. 

Not only does the template matching scheme leave time o n t m e  
student's hands, it is not very appealing to those o f  us who wim1 
to impose simplicity and order upon Mother Nature (or Mother 
Tongue). Luckily, Jakobson and his colleagues of  the Prague 
school successfully argued that phoneme units could in fact be 
further analyzed in terms of  distinctive features that represent 
similarities and differences with respect to other phonemes. 
Given this theoretical perspective, i t  follows naturally that all 
o f  the phonemes o f  a language can be characterized in terms o f a i  
set o f  distinctive features. Feature analysis is appealing be- 
cause it allows the units to be subjected to a more abstract 
classification. 

Feature analysis is also preferred over template matching ül 
the study o f  perception. Template matching schemes would not iL- 
luminate any perceived similarities or differences among speech 
sounds. The applicability o f  feature analysis proves useful in 
understanding the findings that two sounds are perceived as süüf 
lar to one another or are in fact confused with one another to 
the extent they share the same features. Independent evidenceïflfl 
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features comes from well-known neurophysiolOgical findings that 

individual cells in the cortex respond selectively to a class of  
stimuli that share a particular property, such as the direction 

o f  the frequency change in a sound. Feature analysis is a worth- 

while enterprise as long as we sometimes remind ourselves that i t  

must st0p somewhere. When a set  o f  descriptors is no longer an— 

alyzable we are left with miniature templates. 
Binary versus continuous features 

Although it is not unreasonable to describe a Speech sound 
in terms of  the degree to which a feature is present in the sound, 
Jakobson made the important assumption that distinctive features1 

were binary in that each feature is either present or absent in 
all-or-none fashion. Jakobson argued that "the dichotomous scale 

is superimposed by language upon the sound matter." The idea of  

binary features is appealing in terms of  parsimony but most imr 
portantly in terms of  ease o f  classification. The integration of 
binary information from two or more feature dimensions requires 
only logical conjunction of  pluses and minuses. The elegance of  
binary classification is probably responsible for what might some— 
times be viewed as an excessive observance o f  the principle. 

In terms o f  speech perception, it seems more reasonable to 

assume that the liStener has information about the degree to which 

each feature is present in the Speech sound. This assumption of  
continuous rather than all-or-none featural information contrasts 
with the traditional view of binary features in linguistic theory. 
More recently, Chomsky and Halle and Ladefoged have allowed a 
multi-valued representation of  featural information at the per- 
ceptual level. In our model, each feature is evaluated in terms 

of  a fuzzy predicate that specifies the degree to which it is true 
that the sound has a particular feature. Given the fuzzy informa- 
tion passed on by feature evaluation, i t  is apparent that the in- 
tegration of this information across several features is more com- 
plex than in traditional all-or—none classificatory schemes. Much 

of our work has supported the idea that features are combined in 

(l) The reader should be reminded that the issue of binary versus 
continuous features is independent o f  other issues such as 
phonetic versus acoustic features. Accordinl: even though 
some examples are drawn from linguistic analyses: the use Of 
features is intended to be general and not limited to one 
level o f  analysis. 
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terms of  a multiplicative rule. This combinatorial process is 
extremely simple but has the nice consequence that the less am— 
biguous features carry more weight. 
Phonetic versus acoustic features 

I t  is readily transparent that the concept of  phonetic fea_ 

tures has advanced the study of  the linguistic classification of  
speech sounds. Students o f  speech perception must further in- 

quire, however, whether speech perception is mediated by phonetic 
and/or acoustic features.  The seminal work at Haskins Laborator- 

ies using synthetic speech evolved around the assumption thatlflm- 
netic features were perceptually real. Many experiments were cm? 

ried out to determine which acoustic prOperties o f  speech sounds 

were responsible for the perceived presence or absence o f  phonet- 

ic features. Given our analysis in the discussion o f  templates 

_ versus features it follows that the acoustic properties o f  Speedï 

sounds could be evaluated in terms of  templates or features. I f  

you agree that feature analysis is more desirable, then the speedï 

perception theorist must be concerned with the analysis o f  speedl 

sounds in terms of  acoustic, not just phonetic, features. 

Single factor versus multifactor experiments 

In most experiments, speech sounds are varied along a single 

relevant dimension and observers are asked to perceive a given 

contrast between two sounds. For example, in the study of  the 

acoustic features for a voicing contrast, all acoustic properties 
relevant to the contrast are made relatively natural except one, 
such as voice onset time, and this prOperty dimension is varied 
through a continuum of values. Very few experiments independent- 
ly vary more than one property within a particular experiment. 

The few exceptions in the early literature essentially reduced 

the data analysis to single—property experiments. In our work we 

utilize factorial designs and functional measurement techniques 

to study how acoustic features are evaluated and integrated to- 

gether. With this procedure, two or more acoustic dimensions are 

independently varied so that all combinations of  the values o f  

‚one property are paired with all combinations of  the values of 

‘another proPerty. This design allows a direct assessment o f  how 

the acoustic features are evaluated and integrated together in 
speech perception. 
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Independent versus dependent features 

This issue centers around whether the value for a given fea- 

ture is modified by the value o f  another feature. Some support 

for featural independence was provided by studies demonstrating 

that separate sets o f  acoustic pr0perties were relevant for per- 

ception o f  different contrasts. However, this result does not 

necessarily rule out the possibility that the perception of  one 

contrast is dependent on the perception of  another. Nonindepend- 

ence has been proposed to account for the observed shifts in a 

voicing-contrast boundary as a function of a contrast in terms of 

place of  articulation. However, these boundary shifts may occur 

even i f  each o f  the features makes independent contributions to 

the analyses. The observed interaction may result from the manner 

in which the independent featural information is integrated to— 

gether. A quantitative model based on this idea has been success— 

ful in providing a quantitative account of boundary shifts and, 

therefore, the shifts do not imply nonindependence of  feature 

evaluation. 
Phoneme versus syllable units 

Speech sounds o f  phoneme size have proven to be valuable in 

linguistic analysis. For the student of  speech perception, how— 

ever, it is important to ask what sound units are perceptually 

real. Although it is not easy to determine the sound units that 

are functional in speech perception, the question can be addressed“ 

simultaneously with the study o f  acoustic features in speech p e r - .  

ception. 

In our model, features are evaluated and matched to those 

features which define units in long-term memory. A unit is repre- 

sented.in long-term memory by a prototype which consists of a list 

of  acoustic f ea tu res . ’  We assume that perceptual recognition of  

speech is mediated by vowel, consonant—vowel, or vowel—consonant 

syllable units in long-term memory. This assumption contrasts with 

the more commonly accepted notion of  phonetic or phonemic proto- 

types in which phonetic or phonemic decisions mediate speech per- 

ception. Although it is only natural to say that a particular a- 

coustic property cues voicing, the perception of the phonetic fea- 

ture of voicing does not mediate‘syllable recognition in our mod- 

el. Experiments that have evaluated the acoustic properties that 

are responsible for phonetic contrasts ask listeners to distin- 
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guish among speech segments o f ,  at least, syllable length. Theme 
experiments do not necessarily mean that speech perception o f t m e  
syllables was mediated by the phonetic contrasts defined by the 

experimenter. 

In addition to the problem of the lack of  acoustic invari- 
ance for some consonants, phoneme units cannot easily accountzfiu 
the finding that the vowel sometimes provides direct acoustic.hr 
formation about the consonant portion o f  a syllable. Vowel dura- 
tion has a large e f f ec t  on the voicing contrast o f  a vowel-conso- 
nant syllable in word-final position. Experimental and theoreti- 
cal  work in our laboratory supports the idea that acoustic fea- 

tures of  the vowel portion and consonant portion are perceived he 
dependently, integrated together, and evaluated against syllable 

units in memory. 

Stimulus versus process descriptions 

Researchers are converging on the belief that there exists a 

plethora o f  potential acoustic features in Speech perception. In 

contrast to the relatively small number o f  linguistic distincthm 

features, the potential candidates for acoustic features seem‘HMr 

less. Faced with this army of  potential features, what mightkm 
the most valuable tack to take? Rather than attempting to defhm 
and catalog the large family o f  features, it might be more worfir 

while to design prototypical experiments to assess how a small 

number o f  acoustic features are evaluated and integrated together 
in speech perception. The goal would be to develop a testableéh- 

scription o f  the process o f  speech perception rather than a com- 

plete stimulus description o f  all acoustic features. Needlesstm 

say, good judgment on the part of the speech researchers wil l iflr 

low a gradual accumulation of a stimulus description in their 
quest for understanding speech perception processes. 

Acoustic versus contextual determinants 

Speech perception research has been characterized by the 

study o f  speech perception as a function of  acoustic changes in 

Speech sounds. The researchers have not denied that other sourmæ 

of  information may also be exploited in perceiving natural speedh 
Not long af ter  the investigator begins to understand how acousthz 

features are evaluated and integrated toqether in speech perce?“ 

tion, it becomes necessary to assess how the processes work when 
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contextual influences are also available. As an example, feature 

evaluation and integration could be studied as a function o f  both 

acoustic changes in the speech signal and contextual constraints 

in terms o f  how likely a given sound may occur in a given context. 

A quantitative description of  analoqous experiments in reading 

supports the idea that contextual constraints simply provide an 

independent source o f  information exactly analogous to what would 

be provided by an additional feature. 

Speech perception versus speech recggnition 

Upon reflection, it is apparent that speech recognition does 

not mirror speech perception. I recognize (and c lassi fy)  two 

sounds as the same without necessarily perceiving them as identi- 

cal. I believe that the idea of  perceptual constancies has misled 

researchers in not only areas of  visual perception but also in 

speech. The receding object is recognized as the same object even 

though the retinal input undergoes drastic changes. But the per- 

ception o f  the object also changes as is easily demonstrated by a 

little perceptual scrutiny. Following in the behavioristic tradi— 

tion, researchers usually ask listeners to identify or classify 

sounds and take performance as an index o f  perception. Are we 

asking observers to make the stimulus error as the early intro- 

spectionists would claim or are there experimental tasks and per- 

formance measures that provide good indices of speech perception? 

This issue may help illuminate the general area o f  categorical 

perception by asking to what extent categorical perception is not 

categorical perception but simply categorical recognition. 

To more directly tap perception, experimenters might employ 

'continuous rather than discrete response alternatives. A discrete 

judgment may not be sensitive to the continuous changes in per- 

ception produced by continuous changes in an acoustic property of  

the speech sound. As an example, small increases in voice onset 

time for a velar stop might be perceived as making the sound more 

like /ki/. However, i f  the sound is still perceived as more like 

/gi/ than /ki/, the listener may always respond with /gi/. If 

the listener's judgments are consistent, the different sounds 

would be responded to equivalently even though they are perceived 

as different. By asking the observer to make a judgment on a 

continuum between the discrete alternatives, the responses may 
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more directly mirror perception. We have obtained orderly dann 
from observers marking o f f  a line in order to place the percept 
somewhere between discrete alternatives. 

§peech perception versus speech understanding 

It is easy to forget that speech perception does not neces- 
sarily entail speech understanding and that accurate understand- 
ing does not demand accurate speech perception. Consideraalex- 
ical decision task in which a listener indicates whether each 
test is a word or a nonword. The nonwords, such as "prust" ami 
"mantiness", are perceived correctly and could be repeated.even 

though no understanding takes place. I don't think that it would 
be profitable to argue that nonwords are not perceived. Our lan 
noisy party reminds us that a significant amount of speech umkm- 
standing can occur without perfectly accurate speech perceptflmn 

In many highly constrained sentence contexts, the listener umku- 

stands exactly some of the message before he perceives i t .  In 

fact, a few recent studies have provided some support for the the 
that understanding can actually modify perception. A more con- 
vincing demonstration is how the perceived clarity of the words 
o f  a song is enhanced when the listener simultaneously readstmem 

In any case, it is necessary to distinguish between the case in 
which the listener resolves a piano sound sufficiently to disthr 
guish it from.adjacent sounds on the musical scale and the case 
in which the sound is also identified as middle C.  

In our model, perception and understanding occur at twocfi j- 
ferent stages of information processing. The primary recognithm 
process evaluates and integrates acoustic features and outputs a 
perceptual experience of a speech sound. The secondary recogni- 
tion process operates on the perceptual information to impose 

meaning and, therefore, a relatively abstract encoding. Althougl’l 

these are highly analogous processes, they utilize different cate- 

gories of  information in long-term memory and may be influenced 
by different properties of  higher-order contextual constraints- 

Speech versus nonspeech 

It seems appr0priate to close with this issue (or nonissue) 

since it is the t0pic of this symposium. Although speech repre- 
sents language and nonspeech does not, it is important to knowtw 

what extent perception of speech is analogous to perception of 

.Massaro, D.W. and G.C.  Oden ( 1 9 7 8 ) :  
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nonspeech. Does nonspeech perception derive from an evaluation 

and integration of acoustic features defined with respect to seg- 

ments o f  sound? Remarkable parallels between speech and nonspeech 

have been reported in recent years. Rather than concluding that 

serious investigators should return to psychophysical studies of 

nonspeech in order to understand basic auditory processes, it 

seems more productive to assume that speech of fers  so much more 

for experimental study and that the most direct route to an un- 

derstanding of auditory perception is to be found in the study o f  

speech perception. 
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WHAT TELLS US THAT SPEECH IS SPEECH? 

Quentin Summerfield, MRC Institute o f  Hearing Research, Universüw 
Medical School, Nottingham, UK, and Peter J .  Bailey, Departmentcfi 
Psychology, University of  York, York, UK. 

Acoustic analysis and perceptual experimentation have suggmumd 
that speech sounds are special and distinct from other sounds. 
F i rs t ,  no obvious one—to—one isomorphism exists between acoustic 
and phonetic segments, and the latter have been said to be encmkm 
in the former ( e . g . ,  Liberman e t  a l . ,  1 9 6 7 ) .  Secondly, phonetic 

perception is apparently not fully rationalised by known psycho- 

acoustic properties o f  the auditory system. One illustration of 

this is provided by the experiments described by Dr Dorman (this 

symposium; see also Bailey, Summerfield and Dorman, 1 9 7 7 ) ,  in.whkm 

the perception of  sinewave analogues of  speech is shown to depemi 

upon l isteners'  interpretation of  the signals as speechlike orrmm- 

speechlike. There is thus some support for the argument that speech 

perception entails a special decoding process (Liberman & Studdaï- 

Kennedy, 1 9 7 7 ) .  In what follows we shall explore two related gma- 

tions: what is the nature o f  the information which might activaue 

such a process, and to what extent should a specification of fins 
information constrain a formulation of  the process? ; 

One simple hypothesis could be that speechlikeness is  marked 

by acoustical attributes which, i f  detected in an initial s tagecfi  

auditory analysis, direct the signal to a subsequent stage of syr- î 

cial phonetic processing. Such attributes would have to be pr0p- . 

erties of  a l l  utterances, and, of necessity, would have to bein? { 

encoded, unlike the contextually mutable segments whose decoding % 

they would trigger. Possible candidates have been considered to ' 

be rapid spectral changes (Haggard, 1971) and the onset of peri- | 

odic excitation (Allen & Haggard, 1977) ,  but their role as 'triŒfir 
features' has not been empirically demonstrable. Furthermore,ewal 

i f  elaborated by a variable criterion for the acceptability of  a 

trigger feature, this hypothesis cannot account for the perceP'tual 
duality of  sinewave analogues of CV syllables. Here the putatüœ 

trigger features would have to be intrinsic to the information aß?“ 
ifying phonetic identity, and so in failing to meet the criterhfll 
of  invariance would exceed the categorising capabilities of  Puraly 
auditory analysis. Paradoxically, to detect such trigger featuflß 

.have already noted that speech is considered an intractable percep- 
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successfully, the putatively auditory processor would require the 

properties of a special phonetic decoder. 

These considerations cal l  for a re-appraisal o f  the model in 

which signals are routed to one type of  processor or another on the 

basis of prior detection of simple acoustical attributes. They sug- 

gest that an alternative solution to the problem of distinguishing 

speech from non-speech sounds could be that phonetic and generalised 

auditory processing are accorded in parallel to all acoustic inputs. 

Phenomenal perception would correspond to whichever process achieved 

a satisfactory analysis. In proposing such a solution, Liberman, 

Mattingly and Turvey (1972) suggested that a sound is  recognised as 

speech if  a phonetic processor succeeds in extracting phonetic 

features. Thus the acoustic specification of  signals as  speechlike 

is conceived as being isomorphic with the acoustic specification o f  

the cues to phonetic elements, and a characterisation o f  the former 

would follow inevitably from a characterisation of  the latter.  We 

tual problem, as a result o f  the non—invariant relationship between 

acoustic cues and phonetic elements. This contrasts with the more 

straightforward relationship existing between phonetic elements and 

articulatory dynamics, which has led to the suggestion that acoustic 

cues are interpreted with respect to an internalised knowledge of  

vocal tract behaviour (Stevens & House, 1972;  Liberman et  a l . ,  

1967).  A perceptual model o f  this kind would seem to involve at 

least two stages: in the f i rs t ,  a sequence of  acoustic elements 

must be segregated and detected; in the second, these elements must 

be interpreted, presumably to reconstruct the information encoded 

in the sequential properties o f  the signal. Knowledge of  vocal 

tract behaviour may assist the f i rs t  stage, but it governs the 

second stage. While we have no doubt that speech perception is  

inextricably tied to the origin of  the signal in a vocal t ract,  

we wonder whether a process of  fractionation followed by reinte- 

gration would best capture the information endowed in the signal 

by the continuous articulatory flow of a dynamic vocal tract (see 

also, Bailey & Summerfield, 1 9 7 8 ) .  

It has been the general conclusion of  students of perception 

that distal events and proximal stimulation relate equivocally, and 

the traditional response to this problem has been to assert that 

Perception is a constructive process mediated by abstract internal 
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knowledge (see, for instance, Neisser, 1 9 6 7 ) .  This view of per- 
ception is currently coming under increasing scrutiny, urging a re- 
examination of the peculiarities of  phonetic perception. Theoret- 
ical appraisal (e .g . ,  Turvey, 1977; Shaw & Bransford, 1977) and 
empirical analysis (e .g . ,  Lee, 1974;  Blumstein & Stevens, 1978) 
suggest that distal events may have a more veridical, i f  complex, 
representation in perceptual data than has generally been supposed. 
Thus it may be profitable to explore the notion that phonetic per- 
cepts are not constructed from discrete acoustic elements by the 
mediation of  articulatory knowledge, but rather that they are speci— 
fied in acoustic dynamics structured by a speech-specific organisa- 

tion of the vocal apparatus ( e . g . ,  Krmpotic, 1959;  Fowler et  a l . ,  
in p ress ) .  The acoustic signal must remain the focus o f  our con- 
cern, given that an unequivocal reconstruction o f  articulatory 

dynamics from the acoustic signal is  not possible ( e . g . ,  Atal et 
a l . ,  1978) .  

Implicit in the foregoing is the assumption that information 
for speechlikeness can be specified a t  a single level o f  analysis, 
for which the most promising popular candidate has been the level 
of phonetic processing. This is a necessary view, given that lis- 

teners can describe as speechlike even highly schematic analogues 
of  speech sounds, provided they permit a phonetic interpretation. 
However, the notion that speechlikeness is  specified 9311 in the 
information for phonetic elements is  insufficient to account f o r .  

the certainty and immediacy with which naive listeners can identify 
utterances in an unfamiliar language as human speech. In recog- 

nising as speech snatches of  foreign languages heard, for instance, 

when tuning a radio receiver, we are presumably attending to in— 
formation of a different kind from that which specifies a sinewave 

analogue of  a CV syllable as speechlike. A particular suggestion 

by Stevens and House (1972) is that natural speech sounds are char- 

acterised by 'certain dynamic or time-varying properties, among 

which are syllabic intensity fluctuations such as are associated 

with one of  the most fundamental attributes of  speech - the vowel- 

consonant dichotomy' (p .  1 3 ) .  Recent reformulations o f  the proces- 

ses underlying speech production (e .g . ,  Fowleroet a l . ,  in press) 
provide a means of rationalising the multiplicity o f  information 
in a speech signal that specifies i t  as  such. In this view, the 
speaker progressively organises his articulatory musculature such 
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that moment-to—moment control need only be exercised over the mini- 
mum number of  muscle groups during the act of speech production. 
It is suggested that speech is the concomitant of a set of function- 

ally nested constraints upon the organisation of the vocal apparatus 

as a whole, so that short-term events like consonantal articulations 

are nested within longer-term events like the reconfiguration of 

the vocal tract for successive vowels; these are themselves nested 

within events of  even longer life—spans, such as the speech-specific 

respiratory synergism ( e . g . ,  Lenneberg, 1 9 6 7 ) .  All o f  these articu- 
latory events are characteristic of  speech production, and all en- 
dow the speech signal with distinctive dynamic proPerties to which 
listeners may be sensitive. 

This conceptualisation of speech production, and the type of  

perceptual attunement i t  implies, are consistent with a broader view 

of  the develoPment of  sensitivity to  sound in general. In the nat- 

ural world, sounds result from the participation of  three-dimen- 

sional structures in events that occur over time. It is held that 

the evolution in organisms of  sensitivity to vibration in the media 

that surround them progressed as a developing facility in identi- 

fying not just vibration or sound pg; gg, but ecologically relevant 

events whose concomitants are sounds (see ,  for instance, Masterson 

& Diamond, 1 9 7 3 ) .  To a greater or lesser degree, a natural sound 

is specific to (though not necessarily completely descriptive of )  

both i ts particular source, and the particular event in which the 
source is participating. 

Following Turvey and Prindle ( 1 9 7 8 ) ,  therefore, we suggest 

that the distinction typically made in the laboratory between per- 

ception of natural (or even synthetic) speech sounds, and percep- 

tion o f  non-natural waveforms like isolated pure or complex tones, 
should be recast as the distinction between the perception of  
events and the perception of non-events. In terms of this cate- 
gorisation, speech perception is  a particular instance of event 

perception, and a general description of  the auditory perception 
of  natural events should throw light on the specific problem o f  

perceiving articulatory events. A tentative description could be 
that the perception o f  events depends upon the registration of  the 
coherence of  information specific to a source and information spe- 
cific to the transformation wrought upon that source. (See Shaw & 
Pittenger, 1977.) Thus a preliminary answer to the question of 
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what is a speech sound could be this: a pattern of  sound may be 
perceived as speech i f  i t  cospecifies i ts source as a humanxmmal 
tract participating in a physiologically and phonologically per- 

missable act  of articulation. The registration o f  coherence is 

analogous to perceiving the solutions to a set o f  simultaneous 

equations: the equations provide structure and coherence for the 
solutions, but no one solution necessarily mediates the attainmmu 
of  any other. What we understand by coherence may be illustraum 
further with a visual analogy. When a man runs, he structures 

light in such a way that both his identity as a man and his a c t o f  
running are specified optically. When we perceive him running, 

we detect the coherence of  these conjoint specif ications: we do 

not f i rs t  perceive the actor in order that we may interpret the 

elements o f  his ac t .  (For a particularly succinct demonstration 

of the registration of  coherence in the perception of  such evenuh 

see Johansson, 1974. )  
It wil l  be apparent that we lack a formal means of  characum- 

ising the coherence in speech sounds. Nevertheless, the notion 

provides us with an appealing informal account of  the perceptual 

strategies adopted by listeners in the experiments on sinewaveama- 

logues of  speech. When sinewaves were heard as non-speech soumh, 

we suppose that listeners attended to the elements in the acoumdc 

array but not to their potential organisation. In hearing thanas 

speechlike, on the other hand, they attended both to the acoustm 

elements and to their organisation, which together speci fy,  aflnflt 

in a highly reduced form, a vocal tract undergoing a phonologflmlu 

permissable act  o f  articulation. Those familiar with R . C .  Jmmm' 

photograph, reproduced in Lindsay and Norman (1972,  p .  8 )  w i l l rar  

ognise that the foregoing analogously describes the initialpmrmm' 
tion of  the picture as a random array of  dark and light areas,ami 
the subsequent perception of a Dalmatian dog walking in dapplmi 

sunlight. Both hearing sinewaves as speechlike and seeing theébg 
are compelling perceptions. It may be that the search forcuflmr- 

ence in stimulus information is a general goal o f  perceptualsws‘ 
tems, guided and rewarded by the attainment of clarity (Woodworflh 
1947: Gibson, 1969) .  We note that when listeners began to hear 
sinewaves as speechlike, their identification functions becamelmme 

consistent and more categorical. 

SUMMERFIELD & BAILEY #87 

In summary, we are suggesting that the achievement of speech 

articulation is to present the information for speech perception 

unequivocally in the surrounding media. The acoustic signal is 

clearly the most important vehicle for speech, but we acknowledge 

also the perceptual importance o f  the speech-specific Optical con— 

comitants o f  articulatory events ( e . g . ,  Miller & Nicely, 1955: see 

Erber, 1975, for a rev iew) .  Progress beyond the phenomenological 

interest of demonstrations such as the perceptual duality of  sine- 

wave analogues of  CV syllables requires the development of  a vocab- 

ulary with which to describe how articulatory events structure sound 

and light in perceptually accessible ways. The mathematics of this 

description will be complex. Nevertheless, we are encouraged that 

optical invariants supporting the visual perception o f  aspects o f  

one human activity, locomotion, have been formally described (Lee, 

1974; Cutting et a l . ,  1978) .  The rebirth of  articulatory synthesis 

for perceptual experimentation (Mermelstein & Rubin, 1978: c f . ,  

Haggard, in press) is one precursor o f  the attainment of a similar 

specification of  the optical and acoustical invariants supporting 

the perception of  speech articulation: that i s ,  to specify what it 

is that tells us that speech is  speech. 
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SECTION 2 (ADDENDUM) 241A 

THE PERCEPTION OF CHINESE SPEECH SOUNDS IN MASKING NOISE 

AND FREQUENCY DISTORTION 

Tze-Wei Pao and Yung-Tzue Wei, Acoustical Institute of Nanking 

University 

Intelligibility tes ts  o f  Chinese speech sounds were run 

under five masking conditions, namely white noise, pink noise, 

speech noise, meaningful speech interference, and reverberation 

masking in an auditorium, as well as in a quiet studio. To simu- 

late the actual communication circumstances, the noise was intro— 

duced at input and output ends, respectively. The signal to noise 

ratios were 5 ,  O ,  - 5 ,  -10 dB with a f ixed speech level about 80 

dB at  lm from the loudspeaker. In addition, the speech and noise 

were processed with high pass ,  low pass, or band pass filtering 

except in the reverberation condition. A set of  simplified but 

rather sensitive word l ists were used, which were based on varying 

the initial consonants (initial consonants are more sensitive to 

masking than are final consonants). The e f fec ts  of  masking and 

frequency distortion on the perception of  individual Chinese 

speech sounds will be presented in this report. 


