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TIIE SIGNIFICANCE OF VOI"IEL FEATURES IN THE PERCEPTION OF

COMPLEMENTARY LENGTH IN CENTRAL BAVARIAN

RoberÈ Bannert

1. IntroducÈion

llorkíng Papers l2
Lund UniversitY

Mininally contrasting pairs
(feather - male cousin) and

Phonet i cs LaboratorY
General Linguistics

such as [re:aa] - [r.tt.]
[vi:sn] - [vi":"1 (meadow - to

know) present â special problem for Èhe phonological ana-

lysis of the segmental phonemic units (segrnental phonenes)

of Central Bavarian. lJhen applying the commutation test to
them, it is not possible, for examPle, to exchange only the

first (and stressed) vo¡¡el in Lhese words while leaving
all other segments unchanged. 0n1y tl¡o kinds of sLressed

vowel-consonant sequences are permitted in Central Bavarian
¡¿ord structure, namely

(1) the long vowel followed by a short, weak or lenis
consonant, and

(2) the shorÈ vowel followed by a 1ong, strong or fortis
consonant.

The inÈerrelationship between these fealures of the vor^rel

and the consonanÈ is demostrated by the following:

1 eng Èh

strength
(fortis)

feâture
+

nd of se uence
V: c

+

+
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As can be seen the consonant feeÈures of lengÈh
always have Èhe same specification, that ís they
geÈher. The consonanÈ is either short and lenis
long and forÈis. Vowel length and the consonant
however, always have thè opposite specification.

and strength
occur to-

or it is
features,

There is in fact a third phonetic feature of the consonant,
namely voicing ¡¡hich has, however, not been recogni¿ed or
discussed in the liEera!ure (cf Bannert L972, I974).

As these feaÈures (length of Èhe vowel and length and

strength of Èhe consonanE) are constrained r¿iEh rega!d to
each other, a complementary distribuÈion of the above
mentioned feaÈures of boÈh segúenÈs exists. It should be

obvious that. the vo¡¡e1-consonant sequences are characterized
by a double redundancy of phonetic features, for only one
of the three feaÈures needs to be knorrn for the others to be
pred icted .

The phonological difficulty lies in the choice of the dis-
tinctive feature for this ninimal contrast observed in the
sequences: I,Ihich of Èhe. three existing phonetic features of
Ehe sequences is the.distinctive one, that is to say which
feaÈure cannot be predicted and thus has to be assumed as

being specified in Ehe lexical representation of the rrrords?

From a logical poinc of vier¡ this decision need not be dif-
ficult. But in order È.o saEisfy the claim of explanatory
adequacy of linguistic descripÈion the choice is crucial.
In accord with predictive phonetics (cf Lindblo¡n 1971) the
linguistic description has to be made fron phonetic evidence.
As the vowel-consonant sequences of CenÈra1 Bavarian are
concel.ned, the description also-has Èo include the phonenic
vowel and consonant units of the dialect

It is noÈ very surprising to find that the descriptions ín
the relevenÈ .literature, which are based on purely audiÈive
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analysis ("Ohrenphonetik"), offer different soluÈions to
this problem. This facÈ, however, is not unique for Central
Bavarian. In a siurilar Lray Èhe vowel-consonanÈ sequences
of the Nordic languages of Central Swedish, Norwegian, and
Icelandic, which are characterized by cornplementary length,
have not yeÈ received a generally accepted phonological
description, although acoustic and perceptual data are
available in this case. There are of course several sug-
gestions for Èreating this problem. For a presentation and
discuss ion see Elert ( L964) .

Each phonological analysis of the vornrel-consonant sequences
in Central Bavarian explicitly rej ects the choice of the
length feature of the vowel as the distinctive feature. The
reason given is that the length of the voi¿e1 is conditioned
by Èhe segmental con,texE: It can of course be predicted as
a consequence of one of Èhe features of the consonant or the
contact feature,

It is real1y quite obvious Èhat this solution is noÈ the
only possible one, noÈ only from a logical point of view,
but even more so from a phonetic-phonological on.e. For the
features of the consonant can be predicted in exacLly the
same ¡¡/ay if the vowel is specified as to its length.

From the point of view of a modern phoneÈician the litera-
ture lacks basic and phonetically adequate descriptions,
especially measured values, of the manifestation of the
Central Bavarian vowel-consonant sequences. This is also
Èrue of the sounds and sound structures of the dialect as
such. Until a language is described precisely (empirically,
by using quanÈitative measures) on all Èhree levels of the
speech communication process (production, acoustics, and
perception), it is noÈ possible to achieve a satisfactory
phonological description r¿hich also rneets the claim of
explanatory adequacy. In Èhese investigations the signifi-
cance of perception in Èhe speech communication process



4

has to come to the fore. It is imperative tq investigete
r¡hich feature of the sound sequences, originating ín the
production and being transmitted to the ear of the listener
t.hrough the air, is used by the 1ístener in order Èo per-
ceive distinctive sound contrasts (differentiatinþ between
words)

In view of Èhe lack of the necessary basic phonetic data
Central Bavarian I started an acoustic investigation of
sound sÈructures in the dialect. The vo¡¡e1-consonant se-
quences are in the iocus of et.tenEion (see references).

on

the

PercepÈual investigations r¡ere carried out parallel to these
studies. I wanted Èo find out which phonetiq features of the
voqrel or the consonant or boÈh are needed by listeners in
order to identify the sequences as the one kínd or the
other.

This papaer is a rèport on an investigation ¡¡hich was by way
of an intermediate study. After having evaluated the res.ults
of the pilot study (Bannert 1975) it r¡as shown Èo be neces-
sary to carry out the.present investigation due to the
following reasons:

(i) Redundancy etíc features

Even if only one feature in one segnent is altered within
the qrhole vowel-consonenÈ sequence Èhe responses of the
listeners Èo this nanipulation caÀnoE be interpreËed unen-
biguously because Èhe oÈher two features are retained in the
sequence and may affecE che identification. Therefore most
of the ¡edundancies'of the vosel-consonant sequences were
eliminated so that the effect of only one feature on percep-
tion could be revealed. For this purpose the consonant and
the rest of the r¡ords r¡ere cut of f , thus g€tting rid, of t.he
Èwo consonant features, duration and strength (forÈis-lenis).
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(ii) The time diurension (qua nt i ty)

From the phonetic point of vierv it would seem to be 1ike1y.
that, if significanÈ and stable differences betv¡een the
durations of vowel and consonant are observed in the acous-
cic signal, the time dimension (that is, segmenÈ duration,
temporal extension of an acoustic spectrum) may signal the
kind of vor¡e1-consonant sequence for the 1isÈeners or, at
leasÈ, it may contribute to their correct identification.

Thus percepEion tests in different quantity languages have
shor+n that listeners identify (categorize) the phonological
categories (classes) long vs shorE according to their seg-
men! duration. A specífic reduction of the duration of
long vowels 1ed the listeners Eo hear the corresponding
short ,vonel (Southern Sr+edish: Hadding-Kbch and Abramson
1964, Central Swedish: Jonasson and McAllí.ster I972,
Standard cerman: Heíke 1969, Finnish: Lehtonen 1970,
EsÈonian: Lehis te Ig7I, Thai: Abramson Ig62, different
languages: Fliflet 1961).

Another kind of experimenÈ sugggsts that 1isÈeners have
some kind of rrperceptual kno¡.¡ledgett. Native speakers of
quantity languages adjusÈed the segment duration of the
"bestttlong and short vordels respectively by turning a

knob on a speech synthesizer. These percepLually estab-
lished vowel durations corresponded well irith the measured
vowel durations in the acoustic signal (Nootebooro 1973,
Petersen I974) .

As far as Central Bavarian is concerned then, it is uo be

expected that listeners r¡i11 use the time dimension (segment
durations) - perhaps in addition to other features - to
categorize the received acoustic sEimulus eiÈher as being
one or the other of the vowel-consonanÈ sequences types.
this is to be expected from the temporal regularities (tirne
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patLerns) observed on Èhe acoustic level (cf Bannert 1972,
1973a) and by way of extrapolation from oÈher languages
as mentioned above.

In order to test this hypothesis the segment duraÈions of
long and corresþonding shor! vo¡+è1s r¡ere varied. Vol¡el
portions of minirnal pairs differing in duration were pre-
sented to listeners q¡hile the posÈvocalic consonant. con-
taining the features of length and strengÈh r.¡as eliminaLed.

(iii) Contact features

The conÈrast betlreen the t\ro kinds of vowel-consonant se-
quences is aEÈributed to differenÈ feaÈures of conÈect
bet¡¿een Èhe vor¿el and the following consonant in many of
the phonological analysis in Èhe 1iÈeraÈure (rrstark" and
ttschach geschnitÈener Akzent" z PfaIz 1913 following Sievers
1881, t'trþglirrr': GladiaÈor 1971 following pilch 1964).

These phenomena established on the auditive level certainly
exist in the real wor1d, but iÈ should be remembered that
thei'r definition in the relevanÈ literature is not very
precise (cf for examþ1e Sievers 1881). It is definitely not
based on acoustic or physiological data.

Hordever, Èhe correlaÈes of these contact features are
postulaÈed. They are given as being expiratory pressure,
articulatory energy, absorpÈion of the flor¿ of air from the
Iungs by Èhe supragloÈtal cavities on the physiological
1eve1, and on the acoustic level as inÈensity. Noone has yet
succeeded, however, in experirnentally proving tha! Èhe cot-
relates of the contact featurê are independent of other fea-
tures such as tine already urilized in speech produclion.

One ain of this investigation r¡as to find out if any acoustic
correlaÈes ¡¡hatsoever of the contact features, included in
the vor¡e1, are used by listeners in perception.
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2. HvP othes ies

Even if the features of the posÈvocalic consonant are e1i-

minared, at leasÈ Èwo features temain'in the vowel: Besides

the feature of d.utation which is the manifesÈaÈion of the
phonological di¡nension of quanÈiÈy, there is also the pho-

netic feature of vowel quality (spectral paÈtern), which

from a phonologícal point of view is the same e.g. in the'
phoneme le/ of lf.e'ada/ - lfet.al but which certainly is not

the same in the manifestation (e.g. in terms of formant

frequencies) of these words.

Languages niÈh phonological long and short vowels (guantity

languages) very often shor¡ some dífferences in formanE struc-
ture betrrreen boÈh categories of vo¡ve1 length (cf Fant et al-.

1969 for Sr¡edish, Fischer-Jfrgensen 1972 for Danish, Lehiste
l97O for Czech and Serbo-Croatian).

Although the qualitative differ'ence betr¡een a long and the

corresponding short vonrel- is very small on Èhe auditive
1eve1 (for comparison r¡ith other languages acoustic data on

formant frequencies will aPpear in Bannert, fort.hcoming), ít

has to be assumed Èhat this qualitative.difference exists
and that it may be utilized as a cue for PercePtion by 1is-
teners (at least in a Èypical test situation).

Fína11y,. the posculated acoustic correlate of intensity as

the manifestation of the contact feature in the voweL has

Èo be considered as we11. According to the work of Fischer-
J/rgensen and J/rgensen (1969) which, it is true, did not
contain Central Bavarian material, it seemsunlikely that
such an acousEic correlaEe in the vowel exists. Indeed they

could not find any evidence for such a correlate but con-
eluded Ehat the re1êvanÈ acoustic correlaÈe of the auditive
contacÈ phenomenon oughÈ to be the duration of the vot¡e1.

. -.-, -r:¡rn¡{}l$fl'áÌtr¡.'- i ' '"'-'



therefore, es to the perception of the rather redundancy_
free vowel fragments, the following general expectations
can be set up. The hypotheÈical identífication curves
given as the response lvzc/ to each stimulus are shor¡n as
a function of the vowel duration (abscissa):

(i) Redun

*- original lY
Iong vowel

too

e__ofieinallyshort vowel

LisÈeners cannor ídentify the VC-sequences (the words)
without hearing Èhe postvocalic consonant segnrent as wel1.
In order to perceive correctly it is necessary for the
listeners to have access to the whole VC-sequence with all
the reduncancy of the features present. As Èhe consonanÈ
is míssing, Èhe listeners r¿i11 jusÈ guess when performing
the test on the vowel portíons only.

It is obvious that listeners, rùhen hearing and processing
(decoding) mutualty completed VC-sequences, musÈ have
access to many redundancies being signalled by both seg_
menÈs of the sequences. Although Èhe domain of Èhe tempo_
ral conttast in CenÈra1 Bavarian seems to be the whole
VC-sequence on the acoustic level at leåst, end although
perceplion has been sho¡rn not !o be a segnent_by_segment

zo
H
H
(J
H
h
H
Hà
ÊlâÈ
HÊ]t
FOz>
l¡¡
L)(J&z
fco
Ê{¡l

t

I
A

to
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processing (Kozhevnikov and Chistovich 1965, Liberman et
a1. 1969), one could be inclíned to suppose thaÈ Iisteners
need not hear Èhe whole sequence in order to identify the
correcL h¡ord.

This assumption, hor¡ever, deems Eo be contrary Èo the view
expressed by Lehiste (1970, 35-36):

"... suprasegmental features (including tirne, RB) can
only be identified by comparison of iEerns in sequence,
and thus differ in a very essenÈia1 way from features
Èhat may be identified by inspection of å. segmenÈ
(Jakobson, Fant, and Hal1e 1952; Lehiste 1967a) . "

From this clairn it fol1o¡¡s that 1isÈeners r,rou1d noÈ be able
to identify words contrasting in segment duraÈion alone
(that is, to identify e.g. the vor¡e1 categories long vs
short), if they do not hear the following consonant or the
nrhole ¡¿ord as we11.

(ii) se enÈ features

LisÈeners are able to identify the VC-sequences from hear-
ing only portíons of the vowel segment with the following
consonant segment missing. They do not guess, they use one
or the other of the two phoneÈic features (dimensions)
presenÈ in the vo¡,re1 segment

(a) Listeners identify the words exclusively from vowel
duration.

zo
H
H

(J
H
Ê{
H
tsz
r¡¡ÊË
HÊ¡

Btsoz>
Êlo(.,úz
Ê¡o
ÞrÉ t

o
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(b) Vowel.quality is the only cue used by the listeners
r¡hen identifying the VC-sequences. DuraÈion, although
present, does not influence their perception.

roo

(c) Both features may of course counÈerbalanc€ each other
or interfere r¿ith each oÈher,.causing at. leasÈ parts
of the curves Èo deviate fron their expected course
Èonards the oÈher alÈernarive as indicated in the
io1 lowing figure:

2
o
H
H

Q
H
h
H
ETz
r¡¡
AF]
HÊl

3
lrOz>
t¡(Jgûz
þlO
Þ{ F¡ t

zo
H
tr
()
H
t¡r
H
Fz
È¡
ÊF¡

H f¡¡
BHOâ>

,A(J(9Éz
f¡¡ O
ÊiÈ

o.-+-+-*-€

(>-+- .C
I

I

t
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(iii) "Contactrr-features

Listeners can identify the VC-sequences from hearing only
the vowel segment. They rely now on the manifestation of
Èhe posLulated "conÈact"-feature manifested acoustically in
Ehe von¡eI. IÈ should be present especially Èowards the end

of the vor¡el segmenÈ, that is tor¿ards the segment boundary
between the vowel and the following consonanE. In this case
the lisLeners, hearing the initial portions of the original-
ly long and short vowels and categorízí.ng them randomly,
¡¿i11 be more 1ike1y Eo recognize the originally long vowel
when longer portions of that vowel are presented to them.
In accord to Èhis, they should also identify the short
vowel increasingly accurately I^riÈh the larger porÈions t.hey
hear of this vor¿el segment.

3. Macerial

For this test neaningful, bisyllabic words ['ere chosen from
the material on the acoustic description of the vowel system
of Central Bavarian (Bannert forthcoming). They were prod-
uced in isolation by informant A in Bannert (1972, L973,
L974, and forthcoming), vrho also is one of the naive listen-

o

z
H
ts

H
f¡{
H
tsz
r¡l
â F-l
HÈ]t
HOz>
tsl(JC-'&z
l¡l O
A¡¡¡

t

e-
o.

\
'o
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ers (A 1) of the tests. The tesÈ r¡ords consÈítuEe Èhree

minimal pairs conÈrasÈing Èhe two kinds of VC-sequences.
After careful listening and inspection of the spectrograms
the pairs of words with vo¡¡el qualities most like each

other ¡¡ere chosen from the twelve renderings of eách fest
¡¡ord. The six test ¡¡ords are listed here:

V:C VC:

/e/

tit

[te : ga r]

Ire: aa]

[vi: sn]

[tet: ar]

[r"t, "]

[vis: n]

Gegal -Geka1 (name of
- roast

Feda - FeÈa (feather
cousin)

lJiesn - wissn (meadow
know)

a hill
ch i c ken)

- male

to

The initial stop in the first ¡¡ord pair is voiceless and

non-aspirated.

In addition to these pairs conÈrasting long and short
vowels of the same phonemic quality caÈegory, a fourth
minimal pair Nasn - nassn fnc:sn] - [nas:n] (nose - wet,
inflected fotn) was included in the material for the pur-
pose of checking the identification of vowel quality by
the listeners. As well as differing in length the two
vowels belong to two different phonemic vowel qualities,
name 1y /) / an¿ la / .

The target forman frequencies of F1, F2,

vonel durations of the eight test vor¡els
following table:

and

are

F3 and

given
the

in the



Nasn

nås sn

Gegal

Geka I

Feda

Feta

Wiesn

wissn

Original

430

720

8lo
12 00 2800

300

340

320

360

240

280

2280

2280

2250

2200

2260

2100

2840

2860

27 80

2680

27 20

26 40

Fl E2 F3

Target formant
frequencies (Hz)

2LO

130

180

140

140

100

150

110

Vor.¡e 1

durat ion
(nsec)

60

30

90 120 140 170

50 70 90 110

80

50

60

40

10

50

100 120 140 160

70 90 110 130

80 loo L20 140

60 80 100 120

90 110 130 150

70 90 110

L2345

r-3

Table 1. Phonetic values of the test vo$te1s and the stimuli'

Broad-band and narrow-band spectrograms of the test vtords

are shown in figure I a-d. IÈ is to be noticed that the

vowel quality / e/ appear s in different segmental contexts:

a syrnmetrical context of velar stops in Gegal vs Geka1, and

an asymmeÈrical one in Feda vs Feta' where the vowel is

surrounded by an initial labiodental voiceless fricative

and a postvocalic dental stoP. Due to this different con-

sonantal context, the course of the formants through the

vowel segments, especially F, and F' of rhe pair Feda vs

Feta are totally different from the pair Gegal vs Gekal'

The difference betr^7een the target formant frequencies of

F2 and F3 in the long and the corresponding short vowels

is greater in the former Pair.

4. Preparation of the test

According to the test strategy outlined above the stimuli

consist of the initial consonant follor¡ed by portions of

the stressed.vowel differi.ng in duration, while the post-

vocalic consonant and the rest of the word are eliminated

The stimuli are of the structure /CV/. Starting from Èhe

pre-recorde¿l nâtural test words, the test stimuli were

prepared in the following way. Each vowel segment vaB
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divided into five portions using Ehe elecÈronic gaÈe (seg-
ment.aÈor) of Ehe Phonetics Laboratory. The location of the
cuts in the vowel segments and Ehe size of Èhe inÈerval
between Èhem r¡ere determined percepÈual1y starting fron
the end of Èhe vor¡el and proceeding toward its beginning.
After having listened Èo several different divisions of
the vowel segments, including different interval durations,
I found the steps of 20 msec used in this Èest. the most
suiÈable ones.

As a consequence of the applied meÈhod of cutting backr¡ard
(from che vor.rel-consonant boundary) and the different dure-
rions of the originally Iong and shorE vowels, the initial
parÈs of Èhe vowel segments (stirnuli nos. 1 of each word)
had differenÈ duraÈions. lhe initial portions of Èhe long
vowels had larger duraÈions than those of Èhe corresponding
short ones. BuÈ Èhis difference is of no inporÈance for the
test. as the main purpose of this investigations was to vary
segment durations as such

The long vo¡se1 of Nasn (original duraÈion 2I0 msec) is noÈ

included in its enÈity in rhe resÈ because I considered it
improbable that Èhe listeners r¿ould hear anyÈhing else than
jusÈ this Ìdord. The duration of the longest stinuLus of
Nasn is 17O msecr abouÈ the same as for Gega1.

The experimental set-up for
in the following diagrarn:

preparing the stimuli is shor¡n
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STUDER
B 62-1

STUDER
B 62-2/2

SEGMENlATOR S TUDE R
a. 62

CP 1 kHz

S TORAGE
OSCILLOSCOPE

The beginning and the end of the signal ("window") ¡+hich

the segmentator is to cuÈ out can be adjusted ¡¿ith an ac-

curacy of I msec' The sloPe at the beginning and the end

of the triggered signal may be varied stepwise from O.47

to 1OO msec independently from each other. The segmentated

signal can be displayed on a storage oscilloscope (TEKTRO-

Nrx 5103 N).

The original ¡'¡ord was copied from a STUDER tape recorder

862-2/2, operatLon speed 15 ips' together with a 1.O0o Hz

pilot signal (CP). Then the end of each vowel portion to

be cut ouL h/as adjusted by means of nagnifying the tirne

scale on the siorage oscilloscope' putting the triggering
point in a zero crossing of the curvê. The decay time was

set to l-O msec resulting in stimuli, the ends of r¡hich
rarere as short and, at the same Èime, as smooth as possible.
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Each sÈimulus uras then
operation speed 15 ips.

recorded twice on a STUDER .A,62,

Seven ¡¡ords yielded five vowel porÈions each, Èhe vowel of
wissn was divided in¿o four portions only. Thus che present
Èest consísÈed of 39 CV-stimu1i. They were arranged in
random order in five different series. Each sti¡ru1us ¡sas
presented twice in each series with an interval of about
three seconds. There tr7as a pause of about four seconds
beÈneen dif ferent stinuli.

The five sÈinuIi, originating from each of the eight test
r¡ords, are indicated in figure 1. .Their durations are
given in table 1.

5. Performance of the test

The Èest rùas presented from a NAGRA III tape recorder,
operation speed 7.5 ips, via SENNHEISER HD lIO ear phones.
Like the pilot study ir was given in the homes of the
listeners. The Èest seríes were preceded by a presenta!ion
of the longest sÈinulus (no. 5) of each of the eight test
words. The purpose of this arrangement was Èo acquaint the
lisÈeners r,¡ith their task, The risÈeners were told to imag-
ine the following situation: A friend of yours is just
going co utÈer one.of the test words when he/she is suden_
1y inlerrupted and only manages to pronounce the very be_
ginning (that is the inicial consonanÈ and the first vowel)
of the vords. The listeners were, then, asked when hearing
only the initial fragnenÈs of rhe !est rrords¡ eg.B [t"...],
to identify the word as the one or other of e oini_
mal pair. They had Èo underline the identified word on the
enslrer sheets where the pairs were ¡¡ritten. In cases of
indecision they hed !o guess (decide on one rrord: forced
choice). A short break r¡as nade after each series.
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Nine listeners, the same as in Bannert (L972) 
' Partici-

pated in the test.

I have known all the listeners for many years' Except for

C 1 they v¡ere born in the Central Bavarian area' But all of

rhe lísteners grer¡t up the¡e and are stil1 living there'

They do not talk Standard German except, perhaps, C 1'

They are linguiôticallY naive.

As all of the
they were rùel-1

listeners had taken the pilot study earliet
acquainted with the têst procedure.

This test rtas presented to the listeners Èwice, as was Èhe

pilot study, in order

enlarge the numbêl of responses and thus the validíty

the reèr¡1ts anð

check the reliability of the listeners' responses '

(1) to
of

(2) to

The tine interval betrùeen Èhe runs r{as three months' Each

listener juclged each of the forty stímu1i ten times (five

times in each run) , so each stimulus received ninety

respooses (45 responses in each run)¡ thus there were 3'6OO

responses in the ¡¿hole test.

The differences between each listenerts responses in the

1st and the 2nd'run enable us to estimaÈe the degtee of

certainÈy with r.¡hich the 1ísteners identífied the stinuli.

Before the results of the identification test are given ând

discussed, som remarks on these differences and thus the

reliability of the identification scores are 'therefore
necessary

6. Reliabilit o'f identifícation

The reliabilitY
judgnent of the
ferent iasp"cts:

of iden!ifi.cation
. -i

certainty of
fron three di.f--

or thé
vier¡ede

:1is¡.ieners'."h ú
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(a) l.{ith what degree of consisÈency did each listener
judge each stimulus? If he responded differently in
2nd run, to r¡haÈ degree did he deviate? How large
each listener I s total deviation in relaÈion to all

. stimuli?
(b) ttow difficulr lras Èhe identificaÈion of each

by the qrhole group? Is each vowel identified
same de!ree by each listener?

(c) to wha! degree did the listening group as a
deviate in judging each stimulus?

the
¡-s

the

stinulus
to the

whole

(a) the

These quesÈions will be ans¡¡ered in che following.

1ísteners

The distribution of consisÈent and different,L"porr"""
between the tlro runs fo¡ Èhe Èotal number of possible cases
of deviation for each listener and each stimulus (amount_
ing to 351) is shown in rhe following diagran:

t
100

50

NUÌ.{BER OF
DEVIATING
RESPONSES
PER LISTEI¡ER
AND SII}IULUS

o

n = 351

o 1 2 3 4 5
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Out of these 351 cases 214 (61.O Z) shor.¡ed no dif f erence.
This fact should be compared with the 59 Z non-deviation
found in the pilot study (BannerL 1975), r,¡hich suggesEs

thaÈ the listeners did equally well in the present test.
In l0l cases out of the deviating 137 cases the identifi-
cation of the test stimuli differ in 1 response only, which
can be considered as being the result of non-linguistic
fâctors such as insufficient concentration or fatigue. There
is no case of a difference of 5 responses r¿hich would be

Èhe maximal difference. It can be considered as inplying
Èhât the listener, when judging !he stimulus the 2nd time,
has changed his strategy, nornr picking a differenÈ cue from
thaÈ in the lst run when Ehe difference in responses of a

listener to a given stimulus between the runs is larger
than 3 responses (more than half of the possible differ-
ences). There are only 8 cases (2.3 7") of such and apparent
change of listening stïategy. They are distributed irregu-
rarly among the three test pairs r^rith the same phonemic

vor^¡e1 and may therefore be attributed Èo individual factors
rather than to features of the stimuli. These especially
deviant cases âre distributed âmongst six listeners, tr,7o

listeners showing 2 cases each.

As a measure of the degree of deviation (and thus the re-
liability or consistency) of each listener in identifying
a1l the stinuli, the total deviation ratio for each listen-
er r^ras calculated. They are shorn¡n in figure 2, The degree
of uncertainty for each listenerrs identification is de-
termined by (1) the sum of stimuli which were identified
differently by him and (2) the sum of differing responses
(0 - 5 per stimulus) for all the 39 stimuli. It is express-
ed in percent relaring each listener t s real deviation to
his optimal difference.

The nine lisÈeners deviate to different degrees. Listener
A 1 idenÈifies most consistently, D I differs most. But
compared to Èhe possible degree of deviation, the listeners
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on the nhole shoqr a high degree of consisÈency
Èheir j udgments are definitely reliable.

In general the degree of deviation is very
stimuli shor¡ a difference larger than l5 Z,
pertaining to the pair Gegal - Geka1.

(b) ffre stinuli

As a measure of reliability of stiurulus identificatíon, Èhe
group stímurus difference for each stimulus was calculated.
It is obvious Èhat the more 1isÈeners vary in their identi_
fication of a given stimulus the nore difficult it is ro
identify. Therefore the group stimulus difference is defined
as the product of (l) the sum of deviating responses of all
the nine 1ísÈeners per sÈinulus and (2) ttre number of lis_
teners per stinulus who responded diffêrent1y. The differ_
ence is expressed as a percentege of the optinel value of
group sÈimulus differences. The group stinulus difference
as a funòtion of Èhe voq¡e1 duratións is shown in figure 3.

and thus

sna11. Only four
three of them

ldentification of the portions of the originally long vowel
becones more consistent with increasing duration es Ëhe
sÈiûulus product decreases. 

'oith 
the originally short vorrels,

however, ideneification becomes more uncertain r¿ith inc¡eas-
ing vowel duration. This suggests at least thaÈ, as the
formant transitions tohrards Èhe following consonant and the
intensity or any oÈher alleged acoustic correlates of the
contact feaÈures are included in the longesÈ portions of the
shorÈ vowel segments, the proposed contact feature does noË
facilitate the identification Èask for the listeners.

By calculating the means of the group stimulus differences,
Èhe degree of certainty, with which the whole group judged
each vowel, can be expressed. The means for each vo¡¡el are
sho¡¡n in figure 4. It can be clearly seen thet the pair
Nasn - nassn, r¿hich exhibiÈs the Iergest difference in vow_
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e1 quality, since the voÍie1s rep¡esent two different pho-
nemes, is identified with greatest certainty. The pair
Gegal - Geka1, ho¡¿ever, was judged r¿ith least consistency
It does not differ in vor¡e1 quality but only in duraÈion.

As a rough but convenient measure of deviation (and thus
uhe reliability of each list.enerrs identificaÈion of each
vowel in èach of Èhe runs), the vowel listener ratio was

calculated. It úay be argued that a listenerrs certainty
or consistency of identification is reflected not only in
the nuúber of stimuli per vowel he identifies differently
but also in Èhe degree of deviation (that is, if he differs
with only one response or five responses), Therefore, for
each test word, the vor^rel lisÈener ratio takes inEo accounÈ
the oumber of stirnuli per vowel to which each listener
responded differently and the sum of deviating responses
for each stimulus by each listener. It is expressed as a

pêrcentage of the maximal value of the difference thus
def ined .

The vowel listener ratios (as percentages) are shown gra-
phically in figure 5. It is obvious that there is consider-
able variance betr¡een the originally long and shorÈ vowel.
The vowel listener ratio is zero in only a fe¡¡ cases. IÈ is
never zero in Gegal and Geka1, which fits in the lisÈenerrs
impression. that these words r,¡ere Ehe nost difficulÈ ones

to identify.

(c) ghe group

The group differences for each stimulus (9 listeners x 5

responses per stimulus,maximalfy 45) and each word (maxi-
ma1ly 225) are shor^¡n in the f ollowing table:
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Table 2. Group differences for each stimulus

The distribution of the 39 sÈimuli on the number of
ing responses is given in Èhe follor¡ing diagram:

lo 1() 20 100'roo

n 39

o

dÍffer-

PERCENÎ GROUP
DIFFERENCE

NUMBER OF DIF-
FERING GROUP
RE S PONSE S

The group differences are very emarl indeed. For 36 of the
39 stinuli the group dífference is lo¡¡er Èhan 10 7. (4 dit_
fering responses). Seven stimuli do not differ at a1l. There_
fore it nay be inferred that the listeners as a ¡vho1e.re_
sponded very consistently Èo Èhe stinuli. This can be inter-
preted as meaning that the listenerg used the same sttaËegy
(picked Èhe sane feat.ures) in perceiving the Èest stinuli
in both presentetions.

Gegal
Feda

t{ies.n
Nasn

I
3

6

2

0261
1111
4 2 o

o1 1 I

Vowel portions
r234s

v c vc:

10

7

I2
5

I
2

1

2

7L40
4

1

4

o

2

32
3

203

q¡ord vowel portions
r23451-s)

r.3

.1 I
7

11

r¡or d

(1-5)

Geka 1

Feta
wissn
nas sn

o 1 2 3 4 5 6 7 I aaa 44 45
t17
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In summary then, the comparatively smal1 deviations in the

indentifications scores of the t¡'to runs, although varying

between the listeners and the stimuli, justifíes adding

the scores of both runs together and treaÈing them as a

whole, yielding the total group scores.

7. Identifications of the stinuli

The total grouP scores (ídentification of the stimuli

both runs as the word containing the sequence /YzCl)
function of segment duration are shown in figure 6a-b

l-n

âs â.

I,Ihen individual responses are added togeÈher for the group

score, deviáting tendencies are eliminated. Therefore each

.listenerrs total score is shor¡n in figure 7a-d. It can be

seen there that' apart flom certain deviations, each listen-

err s identification curves look very much the same as the

total group culves. Thus it nay be assul0ed theÈ all the

listener, by and large,Pelceived the stinuli in a similar

way.

Among the identification curves of the grouP no.instance
supporÈing the guessing hypothesis can be found. 1t may

therefore be concluded thal listeners, when presented rrith

different portions of just the voa¡e1, are able to identify

a given vor{e1-consonant sequence. They do not guess but

rely on some feature of the vor¡e1 segnent alone, as the

following consonant is missing. Besides thé segnental
feature of quality, the vowels have the feature of duration.

But it is obvious, especially in the pair Gegal - Gekal'
that listeners identified the vonel Portions picking dura-
tion as the cue ¡¡ithout being able to comPare the duration

of the vowel portions with those of*the following segmer¡t

(or segments). Therefore it is assumed that listeners can

establish two phonological categories of length (quantity)'

hearing thè voltë1s as differing in seg¡ûent duration. They

úust do it with reference to some ebsolute match (time

value) and not a relatíve one.
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The phonene boundary between Èhe two categories long and
short is locatêd at about lOO msec. The zonè of anbiguity
(transition of the identification curve) is not very sharp
buÈ rather extends over a period of about 4O nsec.

All the ídentification curveô observed correspond. to the
expected results of the 2nd hypothesis. The paír Gegal _

Gq\a1, where thê volre1 quality of the long and the short
vowel is nearly the same, is ídentífied exclusively ac_
cording to the duration of the vowel portions, che pair
Nasn - nassn, on the conerary, only according Èo voqreL
quality (fígure 6a). As tr¡o different vor¡e1 phonemes are
concerned, their quality differs considerably, compared
¡sirh the differences of vowel quality between the long and
short. members of the same qualiÈy phoneme.

If, as in Gegal- Geka1, vowel duration is the.only cue in
the presented vorùel portions of the originally long and
short vo¡úc1s, since the vo¡¡e1 quality is the same, vowel
portio¡is t{ith shott duration are heârd as short vowe1,
those with long' duration as long vowels, irrespective of
their origin.

Both features (duration and quality) are used in Èhe iden_
tífication of rhe pairs Feda - Feta and I.Iiesn _ ¡¡issn (fíg_
ure 6b). The originally long vowels of Feda and I,Iiesn .are
heard as the corresponding short on., ,ñ-u."r"lã! 

"ur-ment duration. I,Ihereas the longest portion of the e of
Gekal (130 nsec) is identified as the rong vowel in g7 z of.
the responses, the entire short e of Feta (12O msec) and
the entire short i of t¡issn (stinulus no. 4, I1O nsec)
are both heard as the long vowel to an equally low degree,
only 38 Z, ¡yhich is abour half of rhar of the Gekal case.
This difference must be due to differences in vor¡e1 quality
between the Iong and shorÉ vowels, which is a conseguence
of the features of the segmental context (place of articula_
tion of the surrounding consonants and its effect on the



medial vowels in terms of formant transitions).
of rhe quality of the short vowels of
tion affects the PercePtion of their
Thus Èhe feature of duration tends Lo

longest portions
Feta and

override

¿)

In spite
wissn, dura-

Ehe feature
vowe 1 1 eng th .of quality both r¿ith increasing and decreasing

No instance pertaining Èo the 3rd hypothesis is found:-n
the material. Consequently, the proposed feature of conÈact

bet\nTeen the vor^rel and the following consonant does not

affect the listenersr percePtion, although the comPlete

formant transition towards the following long consonant

k: is included in the longest stimuli (nos 4 and 5) of the

short voq7el of Gekal. The same is Lrue of the longest sti-

muli (nos 4 and 5) of the shorÈ vor¡e1 of Feta' The identi-

fication scores become higher with increasing segment dura-
tion. Nor is there any effecE of t.he contact feature towards

the end of the short vo!¡e1 of wissn. Stirnulus no 4 is iden-

tified as being a long vo¡¿e1 to a considerably greaLer

degree than is stimulus no 3, which is only 20 rnsec shorter.

The following åttempt ¡¡as made to deterrnine the so-ca11ed

phoneme boundary or the center of the zone of ambiguity of

identification betr¡een the long and Èhe short vorn'el category:

The 5O Z response line was drawn in the graphs of figure 6

from Èhe shortest porÈíon of the originally short vo\nrel to

the longest portion of the originally long vor¿ei. The inter-

sections of this 50 7" ]-ine and the idenÈification curves

represent the category boundary. For the contrasting quality
pair Nasn - nassn there is no crossover point, nor is there

airy for the short vowels of Feta and ¡vissn, âlthough their

curves approach rather close to the 50 z Ievel. It nay be

asaumed, however, that the idenÈificaÈion curves of these

short vo¡úels would rise beyond the 50 Z líne if the vowel

segments rdere to be lengthened by means of electronic
splicing (fitr this method see Bannert 1975).
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The 5O Z level of identífication score intersects with the
curves of Gegal and Gekal at about 1OO ¡rsec, r.rith those of
Feda and Wiesn to e lower value, about 8O rnsec. It should
be noted Èhat the segmenÈ duraÈion oe Ie:] in Feda and of
Iit] in Wiesn were approximaËe1y rhe same (l4O and 15O msec
respectively), whereas the long[e:] in Gegal had a longer
duration, nanely 18O msec (table 1). One can speculate that
this difference reflects the perceptual knowledge of physio-
1ogically conditioned effects ¡¿hich listeners are supposed
Èo have (cf NooÈeboom 1973).. In this case, vowel duraÈíon
would be longer in symmeÈric syllables than in asymmetric,
e hypothes is r.rhich has to be proven.

If the zone of arnbiguicy is defined as that part of the
curve which lies beÈween Èhe 25 Z and Èhe 75 7. Level of
identification, Èhen the corresponding part on the Ètme
axis equals ebouÈ 4O msec (rhe distance between 8O and 120
msec).

8. Conclusions

The results of the present test indicate that listeners can
idencify the members. of rnini¡ua1 pairs of mutual complementa-
tion in CenÈral Bavarian even when they hear portions of
just the vor¡el segmênt which differ in duration. In perform-
ing the identification task lisÈeners use the phonetic fea-
tures of duration and specÈra1 pattern, Èhe first of which
is the phonological feature of quantity of the language,
manifesÈed as segment duraÈion in the vowel portions.

If the spectral sÈrucEure of Èhe originally short vowel
differs largely fron thaÈ of the originally long vowel
(that is if the Èwo specÈra belong -to ttrro different pho-
nenic vowel qualities), listeners rnake exclusive use of
this cue, the dimension of duraÈion having no influence
shatsoever on perception. This is in close accord with Èhe

findings in Hadding-Koch and Abramson (1964) on Swedish
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matelial. The converse is also true: listeners judge accord-

ing to duration alone if the short and the corresponding
long vowel do not differ in vowel quality. No influence

whatsoever of the alleged conÈact feature, manifesÈed in

the last portion of the vowel segment as intensity or for-

úant transitions, is to be found in this material' If such

a feaÈure did exist the short vowel would be heard âs short

nore ofÈen v¡ith increase of the final part of the vo$te1

segment approaching the following consonant.

Duration and vowel quality compete with each other as cues

for identification in minimal pairs showing some difference

in vowel quality: The quality of Èhe short vowel always dom-

inates although the dimension of time becomes ¡nore important

for perception with increasing duration. For long vowels, on

the other hand, duration becomes the predominant cue for
perception the shorter the vowel portion is made.

In the perception of the test vordels differences in vowel

qualiÈy are used in preferance to differences in time. The

listeners show greater consistency in identifying quality

than length. Both observations are in agreement.with the

universal phonological fact Ehat all languages use the
phonetic mechanism of sPectral structure (vowel quality)

in producing sound contrasts in order to signal differences

of meaning. But not all languages uÈil'ize segment duration
(phonemic length or quantiÈy) for the same PurPose.

The findings of this investigation are Èherefore interpreted

as supPorting the vier¡ that the phonemic dinension of length

is less effective Ehan quality in differentiating meaning.

they nray thus be considered as phonetic evidence for attri-

buting a 1o¡rer rank to quanËity than quality in a hierarchy

of dístinctive features.
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TEuPoRALoRGANIZATIoNANDPERCEPTIÕNoFvowEÏ,-coNsoNANT
SEQUENCES IN CENTRAL BAVARIAN*

Robert Bannert

The phonological description of Central Bavarian sound

structure faces a central problem, namely the analysis of

stressed vowel-consonant sequences, According to the litera-

ture Èhese sequences are of tv¡o kinds: A long vor¡el is

follo¡,¡ed by a 1enis, weak or short consonant, while a short

vowel is followed by a fortis' sErong or long consonant'

The contrast between the tsto sequeûces is illustrated by a

word pair tike fke:ga1] (name of a hill) aoa ftekall {tot"'

chicken)

Although no phonetic data are provided in Èhe literature,

Èhe following four features are Postulated as the or¡e dis-

tinctive feature of both segments:
(1) weak of strong accent (ttschwach bzw' stark

geschnittener Akzent", Pf.aLz 1913 following Sievers

1881).
(2) offglide

1,9'64) .

(3) Force of
(Ko ekko ek

label1ed
(4) Length of

('rAbgliÈt", Gladíator !971 fol'lowing Pilch

articulation or inteûsity of the consonant

1955, Ke1ler 1961) . This opposition is

Fortis-Lenis.
the consonant (Kufner 1956) .

I sha11 propose here that also the Central Bavarian

vo¡¡e1-consonant sequences rePresent ¿r case of temporal organ-

iaation of a vowel and the following- consonatt, which is

ca11ed comÞlementary length or mutual complemenÈation of

;;". 
. presenred ar rhe Eighth rnrernarional congress of

Phonetic Sciences, Leeds, August l7-23 Tg75
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vo!¡e 1

other

2

and consonant (Lehiste l97O) and which
germanic languages, too (e.g. Standard

ie found in
CentraL Swedish) .

In víew of the lack of phonetic measurements, I commenced an
investigation of Central Bavarian vo¡se1_consonant sequences
on Ëwo leve1s of the speech communication process. Firstly,
an acoustical analysís and description of the vowel and the
consonant of such sequences was rnade. Secondly, the p.ercep_
tion of minimally contrastíng pairs tûas studied using
natural stimur.i in ¡shich several acousticar. features of the
vo¡¿e1 and the consoîant were altered,

rn this report r shal1 first give the durations of both
segments and some conclusions I have dra¡¡n regardíng the
tenporal organization of the sequences in trro rrord pairs. I
sha1l then gíve an account of the perception testa where
vowel and consonant durations were altered.

Temporal organization of vowel-consonan t sequences

Segment durations of vor¿e1s and consonant.s were measured in
meaningf ul, bisyllabic ¡.¡ords nrhích. consists of a lCyCl_root
ánd the suffix la!/ denoting rhe dinínutive. The two tesr
pairs, the first of which shows the nininal contrast in the
vowel-consonant sequences, are the following:

/ cvcaL /
V:C vc

I t" ' 
g.rl

[ni:tar]
(name of a

(chicken)
hill) [r"t.r] (roast chickeir)

[n"n.rl (lirrle do11)

The iniCial consonanÈ is a voiceless, non_aspirated stop,
eirher /t/ ot /p/. r¡e nanifesrarion of the postvocaric
stop varies..Following a short vowel it is voiceless and non_aspirated. Following a long vo¡¡e1, however, it may be a voícedstop or even a voiced fricatíve. This variation lies behÍnd thephonological dispute.

The absolute durations of the segments Ìrere forced to varyconsiderably 'ln order to study the temporal organizatÍon of



49

the vowel and the consonant under widely varying conditions.
To achieve this, the Èest r^lords were all placed in five
different prosodic PaÈterns. All were statements:

(1) The testÍtord produced
alone: empha t i c

neutral r+ith normal tempo
neutral with fast temPo

(2) The test r,7ord placed
in a senÈence: test word in medial Posi-

tion, answer Eo the ques-
Èion: "llhat have you seen?":
/i hap s_ gseÐ/ (r have
seen the _) .

test word in initial
position, carries con-
LrasÈive stress: /s
Eat i meÐ/ (IEts the--
I would like Èo have).

The data on segmenÈ durations reported here perÈain to
speaker 2. He is 45 years old, a carpenter by profession and

lives in the village of Polling near i^reilheim/obb ' (about

3O rniles south of Munich). The measurements of the other Èrn¡o

informants show a similar picLure.

Figure 1 gives the segment duraÈions of Èhe vor¿e1s and the

consonants of the four test r,¡ords in the five prosodic pat-

terns in msec. Not only the long and short voi/e1s, buÈ also
the consonant following t.hem show clear differences of dura-
tion. It is therefore justified to talk of long and short

consonants ín CenÈra1 Bavarian.

If the absolute differences of duration between long and

shårt vor¿els and consonanEs within the pairs are compared

(Figure 2), it Èurns out that the difference of segment

duration bet$teen Ehe consonants in all the prosodic pat-

terns is considerably larger than that bet$¡een the long and

short vo$/els. This may explain the f indings on vor'¡el raEios
in Bavarian reporËed by Zwirner (196f) and Èherefore is
likely to weaken one important point in the argumentaÈion

of Gladiator (1971).

E

N

F

c
m

S.
I
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The proportion of each segment in the Èotal duration of the
vowel-consonanÈ sequence may be expressed by calculating
the vowel-Èo-sequence ratio (V/(V+C)xlOO Z, Figure 3). Ttre
relative segment duraÈion r¡ithin the sequences d.oes not
remain constant ÈhroughouÈ the prosodic patEerns, alEhough
iÈs values appear Eo fall into two classes: It is higher in
Èhose paËt.erns in which the tesÈ word is sÈressed parÈicu_
larly (given special prominence), it is lower in the cases
of more neut.ral stress. The variaÈion of the vowel_Èo_
sêquence raÈio is sirnilar to the variation of vowel duraÈion,
especially in Èhe sequence /VCz/ (cf. Figure l). This is
beçause Èhe absolute duration of the consonants varies
litÈ1e in comparison to that of Lhe vowels.

The same temporal paÈÈern has been found for corresponding
CenÈra1 Swedish vowel-consonant sequences (BannerE Ig72),
calculated on data given by Elert (1964).

Perception of vowel-consonanL sequences

As the starring stimuli for Èhe listening ÈesÈs,
ing each of the following four minimal pairs was
words were produced in isolaÈion by speaker 1:

V:C VC:
C.=stop [te:aa]

[.'g"d
Cr=fricative [o:f"]

Si ' ""]

(feather)
(name of a hill)

'(stove)
(meadow)

one render-
used. The

(nale cousin)
(roast chicken)

( open )

(to knor¿)

t
t
0et
kek

"l
"1]

l
"]

tta
is:

t
t"

The vowel-consonant sequences of the test rdords were nani_
pulated manually (using tape cutting and splicing Èechniques)
and electronically (by means of a segmentator). The main aim
was to change the Èemporal relation-s between the two segments.
The part of the Èape containing the segment boundary between
the vowel and Ehe consonanL lras not Èouched. Ten listeners
were asked to identify the stinuli either as the one or the
other member of the four mini¡nal pairs,
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llere I sha11 give the identification scoies of Èhe listeners

to three manipulations:

(1) Shortening of the initial long vor¿e1 in fo:fa] (Figure 4) '
(2) Shortening of the long consonants (including the elirni-

nation of the explosion of both stops) ' The duration of

stops r.Ias decreased by cutting out portions of rhe

silent interval of occlusion (Fígure 5) '
(3) Lengthening of the short stops in ftt:da] and [t"'g"d.

The periodicity of the occlusion had been gated out

previously.

All these changes of the duration of only one segment at a

time led to the identificaÈion of a given vowel-consonant

sequence as its counterpart (cf. Fliflet 1961-, Heike 1969 '
Fischer-Jórgensen and Jórgensen 1969) ' This also happened

when the relatively stroûg explosion bf the considerably

shortened, originally long stops 'h'as eliminated' This explo-

síon may be considered Parc of the manifestaEion of Èhe

feature for r is

If the results of the identificaÈion test are considered

Èogether with the temporal regularities observed in the

vowel and Èhe consonant ' tr^7o things become evident:

(1) The auditive Fortis-Lenis contrast of the postvocalic

consonant is always combined with clearly different

durations of this segment (and the feature of voicing,

cf. Bannert I972' L974, and forthcoming) ' This conÈrast

. is 1ike1y to be a consequence of the segment äurations

(cf. Ladefoged 1971) .

(2) Although the contact between the vowel and the consonant

was retained unaltered, each kind of sequence could be

turned into its respective counterpart' This total

reversal of identification was obtained by varying

segment duration alone and, as ¿I consequence' the

temporal ïelations bet¡^reen the vowel and the consonarit '

Therefore, in consideration of these preliminary phonetic

data it seems 1ike1y that the Central Bavarian vowel-
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consona¡rt sequencea in fact constitute a case of tenporally
distinctive organization of phonological eegments. Hence the
phonological analysis should take this fact in to account and
handle the phenomenon of cornplementary length in Central
Bavarian by applying Èhe renporal distinctive fearu¡e of
QUANTITY (cf. Lehisre 197O, Bar¡nerr Lg73).

The phonological solution suggesteá here will lead to.an
anaLysis of Èhe segmentel phonological units (phonenes) of
Central Bavarian, especially the stops, which differs fro¡o
those hithert.o found in Èhe literature (Bannert forthcoming).

References

Bannert R

Banne¡t R

Bannert R

L972. Zur Stirnnhaftigkeít und Quant,ir¿it in einem
bairischen Dialekt. I{orking paper 6. phonetics
Laboratory, Lund University

1973. A binary Èreatment of the distinctive featureprosodic of quantity. I,Iorking paper 9, g4-g7.
Phonetics Laboratory, Lund Univeisity

1974. The phonetic feature of voicing in
fricative of a Central Bavarian speaker.
graphed. Department of General phonetics,
UniversiÈy

Bannerc R. lorthcoming, Quantität in Mittelbairischen. To

the alveolar
Mimeo-

Lund

nguistique
. Lund

S¡red i sh .

Travaux de lrlnstitut de lrLí
Malmberg and K. Hadding (eds)

Elert C. -C. 1964. phonologic studies of quantity in
Uppsala

appear in:
du Lund. B.

Fliflet A. L. 1961. Eínige Beobachtungen über Anschluss undSi1be, proceedings of the 4th International
Coogress of phonetic Sciences, 610_615

Fischer-Jdrgensen E. and H.p. Jy'rgensen. 1969. ilose andloose contact (rrAnschrussrr) with speciar referenceto North German. Annual Report of ihe Institute ofPhonerics 4, 43-gO. University of Copenhagen

GladiaÈor K. 1971. UnÈe!suchungen zur Struktur. der nittel_bairischen MundarÈ von Grossberghofen. MünchnerStudien zur Mundartforschung. U. fuhn and I.Reiffenstein (eds). Munich



53

IIe ike G

Kel1er R.E

Koekkoek B

Kuf ner II .

Lade f oged

Lehiste I

PfaLz A.

1969. Suprasegmertale Analyse. Marburger Beitrlige zur
Germanistik, Vo1.3O. J. Kuriz, E. Ruprecht and
L.E. Sbhrnitt (eds). Marburg

1961. Gern¿n dialects. ManchesÈer

.J. 1955. Zur Phonologie der hliener Mundart. Beiträge
zur deutschen Philologie, Vo1. 6. I,l . Mitzka (ed).
Giessen

1956. The dialect of the Freutsmoos area (Bavaria)
Dissertation, Cornell

P. 197I. ?reliminari.es
Chicago

to linguistic phonetics.

197O. Suprasegmentals . Cambridge, Mâss .

1913. Die Mundart des Marchfeldes. Sitzuûgsberichte
der Akadernie der lJissenschaften in Ilien. Phil.-hist
Klasse, Vo1. 170, Part ó

Pilch H 1964. Phonemtheorie I. TeiL Bibliotheca Phonetica 1

Basel and New York

Sievers E. 1881. Gruadzüge der Phonetik zur Einführung in
das Studium der Lautlehre der indogermanischen
Sprachen. Leipzig

Zwirner E. 1961. Phonometrischer Beitrag zur Geographie der
prosodischen Eigenschaften. Proceedings of the
4th International Congress of Phonetic Scíences,
500-5 18



54

300 i

200

100,

0r

STG1i4El\lT

t)URÀT I O¡l

Îi,lSEC

{
I
t

)h---{
è---a

¡H.
o_-a

tk

tP

fk
tp

C O NSOI'IAl'lT

lV:C/

/VC: /

rl
rl

il
u

e: ga

i:ba

a
a

k
p

e
u

?
ì
t
t

tl

VOUEL

b

q
I

x\ta\

r\
\l

rl
It
1l
¡l

\
\---1

/,
{r2
t

{
\ 3-ç

\

s'n si

Fìgure 1. [)urations of the vowels (lef
the consonants (riqht) in th
test words in lnsec.

Prosodic patterns see text.

-r-'t PROSOD I C

P ÂTTTR [Iltt
ENF

ttt
Ef\lF sr si

t) and
e four



55

T I lrl[:
r!na'n
l irJl-t¡

: i,l tn' : qaü - [¡,ek: a{[

o+ ol'fpi : bat]- þup : al]Þ---r acu

1CC

I
I

I

Tr
¡\
\t
r\
lr
tt
¡l

'.L..,^

ð<
-t

rx

S
ô
ù iln

PRC$0Ð I C

P ATTTR N

b

\ b

T-l0 lll
trittrLI'JI

Fi oure 2. Difference of durations (msec) between
the I onq and the correspondi ng shor t
seqr,tentö of the two r¡ord Pai rs.



56

lY:C/
q

b

e

I
tk

tp

ffl; i),,',u,,,

all
atl

V0}{EL-T0-SE.lUtl'lCE R ilT l 0

V

(V+C )

F---{
Þ---{

100

\-
v4

*ìä=*
u

*'j''
d

,(

trt
EII F

0 -T--1
sr i si

PROSOD I C

Pl\TTERll

Fi qure 3. Vowel durati on
duration of th
sequence, expr
sequence rati o

s in relation to the
e entire vowel-consonant
essed by the vowel-to-
in 7".



[o: f a]

10n0

C
J

:c)l-<
{

C
)

LL= æ
,

llt=LrJ
c-l

4

Ð
U

R
,\T

IC
I.!

.101,!G
 \/0!lE

L
I{S

 E
CF

i qure 4.

200
10n

I denti fication of the w
ord

[o:fa] 
w

hen the lonq initial 
vovrel

shor tened.
n ìisteners responded to each stim

ulus ten tim
es each; a total

100 responses.

0

IST
e

of

ul{



lJl
o

ek: al]

A

[et:

100

[of : a]

(JO<
i

c)LL=-.t!¡=t--
Lrl
c)æ

,
tr-l
C

L
is:nJ

0
O

U
R

A
Ï IO

I,I

L0N
G

 C
0N

S
0ll,li:T

 200
¡4S

E
CF
igure 5. 

ldentification of th
thei r dura.ti ons are
E

xplosion elÍm
inated

e four test w
ords

decreased.
in ffet:a] (A

)

w
i th

lonq
consonants w

hen

[r<
ek: a{

100
I0

and
(o).



100

[ke: fia

100

C
)== t-4(-?

u-t-t!tr¡

rl-l.LJ
c)æL¡J
C

L

e: {a]

0

c0lls0 
N

 A
 l,¡ï

I)U
R

A
T

 I O
 [¡

}]lS
T

C
200

300
0I denti fi cati on of the
stops are lengthened.
qatbd out previ ouslY

.

w
hen the

lusi on had
shor t

been
(rl
I

F
i qure'6.

w
ords [te:¿

a] and [t rtout]
T

he peiiodicity of the occ





Worki ng. Papers 'l 2
Lund University

Phonet i cs Laboratory
General Linguistics'

t975

3
f¡unnor

írumm e r

SI¡EDISII ACCENTS IN SENTENCE PERSP'ECTIVE 
*

Gösta Bruce

Int rodu t 10n

The main purPose of this investigation is to determine ho¡¡

the fundamental frequency (fo) contours of Swedísh senteûces

vary with word accent (accent 1 or acute and accent 2 or

grave) and focus. In accordance l¡ith current terEinology' the

term rfocusr is used to denote the ner¿ information in a

sentence (cf. Jackendoff Lg72)' The o1d information in a

seotence is said to be out of focus or is sinply ca11ed

non-focus

The present report concerns two $r¡edish dialects - the

Stockholndialect(fromCentralsweclen)andtheMalnö
dialect (from the South) ' The main result is briefly that

the fo Patterns of the accents in focus are specific and are

only iartly similar to the non-focus Patterns

Pt ocedur e

in my, speech samPle has the form of

. The question is formulated in three

to oake the speaker choose one of

the senteûce as the focus and carrier

following set of tesÈ sentences has

A typical test sentence

an ansÌúer to a question

different waYs in order

three poss!b1e Parts of

of primarY stress. The

been used:

Man vil1

(One will

1r
]'ranna
I a-nannI

J
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lea
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The numbers denote thlee
position there are words

* P"p.t Presented at the Eight

of Phonetic Sciences, Leeds'

possible f,ocus 1ocátions. In edch

¡oith accent 1 (-) or accent 2 (-)'

Iriternational Congress
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These words are disyllabic and stressed on the filst eylLable
r¡ith the exception of the acuÈe trisyllabic verb a-namma,
which is stressed on the second sy11ab1e. I,Iords r¡ith sonorant
consonants have been chosen as far as possible to provide
continuous, undisturbed fo curves of the utt.erances. Vowels
with approximately the same degr.ee of opening - non-high
vo¡¡e1s - have been used to avoid differences in intrinsic fo
(cf. Lèhiste-Pe.rerson 1961), which night complicate the. inrer-
pretaÈion of the contours. All the vowels are phonologically
short.

Results and discussion

The observations made here are based on the fo tracings of
Figs. l-4. The fo patÈerns of the accents in focus are in
agreement wiÈh those shown by earlier investigations e.g.
Meyer 1937, Malnberg 1959, Hadding-Koch 1961, Gårding &

Lindblad 1973.

The Stockholm dialecÈ

The fo pattern of the accent 2 word -lämna in non-focus
position is partly sinilar to the corresponding focus par-
tern (Fig. 1). We find an fo maximum in the sÈressed vor¡el
and then a fa11. The rise of the second unstressed syLlabt-e
of the r¡ord when in focus is totally absent when out of
focus. Instead we find a low fo. The accent I ¡¡ord a-namma
shows a similar beginning for both non-focus and focus posi-
tion (Fig. 1). I,Ie find an fo peak in rhe pretonic syllable
and a fal1 in the prevocalic consonant to a fo mininum, which
is reached in the beginning of the stressed vowe1. The rise
of the stressed syllable and.the following peak - features
which are regarded as cypical of accent I - are found only
in focus position. In non-focus position the low fo is main-
tained throughout the word. For both âccent 1 and accent 2 ir
seems as if the rise in focus position starts before the
target fo minimum is reached. Corresponding differences
between focus and non-focus posiÈíons are also found for the
pairs t¡Lnga/-1ängre and'nunnor/-nummer (Fíg. 1)
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The obvious differences be!¡^reen focus and non-focus position
are Èhe f_ rise and the f peak, which are present only inoo"
the focus words and independently of accent (Fig. 2). It is
evident that thís same tonal phenomenon is found in both
the accent I and Èhe accenE 2 words. The fo manifesÈations of
Èhe accent 1 and the accent 2 words in focus can be decomposed

into one accent-dependent part (¡¡hich is differenE for the
two accents) and one accent-independent focus part (\^rhich is
Èhe same for both accents). The timing of the focus part is
different, however, for the tr^ro accents.

In sentence final position for both accenÈ I and accent 2

r¡ords in focus the focus peak is sharp as compared v¡ith non-
final position (Fig. 2). In non-final posítion there is no

immediate f_ fa11 following che f rise as in final positiono"o
The peak is flatter and when there are several unstressed
syllab1es between the focus syllable and the following
stressed syllable - as in the first focus position - the
peak between the focus rise and the fa11 of the following
stressed syl1ab1e becomes a plateau.

The Malmö dialect

For the accent 2 r,¡ord -1ämna there are:obvious sioilarities
between focus and non-focus position (fig. 3), We find a

rise in the. stressed vo¡¡e1, and Èhe peak is reached in the
postvocalic consonant. The difference lies in the unstressed
post-tonic vowel. In focus position there i.s a steep fa11,
which is not present in non-focus position. In the accent 1

word a-namma we observe a rise in the prevocalic consonant
and a peak in the stressed vowel (Fig. 3). In focus position
th-is peak is innediately followed by a steep fa11 beginning
in the niddle of the stressed vowel and reaching íts minimum

in the posÈ-tonic vor¡e1. In non-focus position there is
instead a gentle fo fa11 in the post--tonic sy11ab1e, For the
pair'tânga/-1ängre (fig. 3) there are corresponding differ-
ences beÈween focus and non-focus position, but for the pair
nunnor/ nummer (!l g. 3) the dífference is not evident. It

appears that the fo pactern of the accent 1 word -nummer in
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focus, when regarded in isolation, is almost identical to one
of the non-focus patEerns. This is due to a-fa11, which.is
present in seritence final position independently of focus
location and therefore erases a potential difference betqreen
focus and non-focus, There is, however, a difference of
Èransition from Èhe preceding word (fig. 4). When the preceding
¡¡ord is in foctis the transition is a deep trough, as a con-
sequence of the f ocus f al l . l,Ihen the f ol lowing r¡ord is in
focus, however, Èhe Èransition is relatively shal1ow. ThÍs
difference of transitíon is evident also from the fo patterns
of t.he accenÈ 2 word 'nunnor (Fig. a).

In contrast to the Stockholn dialect we find a fa11 as the f
manifestaÈion of focus in rhe Malnö dialecr. This fall is ínle-
pendent of accent, but the tining of the fa11 is la!er for
accenÈ 2. This paÈtern of focus manifestation.is perfectly
para1le1 to the Stockholn pattern. Thus in boÈh dialecÈs we
have major fo change as the reflex of focus. The difference
is in the direction of the change - a rise in Stockholn
corresponds to a fa11 in Malmö (fig. 5). In non-focus position
there are no such changes. By shifting the focus Eo different
positions of a sentence in the way described in Èhis paper,
ic has been possible co separace the conÈribution of focus
to the fo contour, ttrereby isolating the basic r¡o¡d accent
patterns.
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TIiE INFLUENCE OF TEMPO

THREE SI4/EDISH DIALECTS

ON RHYTHMIC AND TONAL PATTERNS IN

Eva Gårding

lntroduction

In The Sca ndinavian l^Jord Accents (1973a) I proposed a typology

for dialectal manifestations of accents ' The Swedish part

was based on l"leyerts data (1937 t 1954) and on Ûore recently

collected speech materials (1973b) ' Since the location of

the fundamental frequeocy peaks plays a major role in the

Èypology it is important to explore hor¡ it is affected by

speech variables such as sentence stress (Bruce 1975) and

Èempo. TemPo Ílas one of the variables in an Et"fG investigation

dealing r¡ith accents (Gårding et a1 ' 1rg75) and is the main

concern of Lhis PaPer.

phrases with tr¿o

tlorking PaPers l2
Lund .U¡ ivers i tY

t975

number of noun

been uttered as

I have l-abe11ed

examp I e .

Phonet i cs LaboratorY
General Linguistics

My material consists
accented words. TheY

three kinds of temPo

Fast. Let me give You

of a

h ave

which

one

statemeûts Ln

glow, Normal and

Figure 1a shows average segment durations and fundamentâ1

frequencY curves for the Phrase en nanli(g) nunna. The Phrase

contains two grave accents and means a masculine nun. It has

been uttered by a central Swedish speaker. My other speakers

are from the South and from Finland (Figs lb and 1c) ' It

should be ¡emembered that the Swedish spoken in Sweden is

characteri zeò by t!¡o accents r^¡ith different Èonal manifesta-

tions according to dialect. The Swedish spoken in Finland on

the other hand has no accent coritrast'

* P"p"t Presented at the Eighth International Congress of

Phonetic Sciences, Leeds, August L7-23 1975
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In this report I sha1l study changes r¡ith a shifÈ of tempo
in segment durations (1), fundamental frequency (2) and .in
the coordination betLreen fundamental frequençy and segments
(3) ' on the basis of my resulÈs r sharl ansr.¡er the following
question: I,lhaÈ change is needed in a generative program for
rhythn and intonation to go fron Normal Èo FasÈ and from
Normal to Slor.¡ (4).

1. SegmenÈ durations

A first sÈep in my analysis is to look aÈ thè relative
changes in Ehe duraiion of the segmenÈs. In Figure 2 the
average uÈterances have been scaled to a common duration of
one second. If Èhe speaker had used a uniform streÈching
and shrinking of the uÈterance - or parÈ of it _ the diagraur
r¡ould have had parallel lines betrreen the cörresponding
segmenÈs. As can be seen in Èhe diagraur Èhere are some lines
which are not parallel. They indicate deviations from uni_
formity and I shall nol¡ commenÈ on some of them.

One such feature¡ which is common to a1l three speakers, is
thaÈ the rhythm changes somev¡hat wiÈh tenpo. In fast speech
Èhe lasÈ word occupies a larger part of the whole utterance
than in slor¿ and normal speech. This effecÈ is strongesÈ
for Èhe Central Swedish speaker. It is broughÈ about by a
relative shortening of the consonanÈa1 segnents and the
unst.ressed vo¡¡els of the early part of the utterance.

The larger effect of this rhythnical change may be caused
by the more complex tonal patÈern in the final grave accent
of this dialect - two peaks versus one for South Sr¿edish
and EasÈ S¡¡edish. This complex paEtern nay demand more tíme
and hence Ionger segmenÈs.

There is a not.iceable deviation fron uniformity in the last
segment for the Central and South Swedish speakers. In their
speech Lhe relative duration of the Èerminal vo¡¡e1 increases
with tempo. This u¡eans in absolucê Èerttrs Èhat the duration of
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tlie final vo¡¡e1 is almost coristant all through the tempi and

therefore has a larger part of the fast-speech uttelarice'

For the East Swedish speaker on the other hand there is a

uníf,orm temPo variation in this segúent' One possible expla-

nationisthat.:theEastswedishspeakermarksstatement
iatonation by giving a gradual fa11 to the ¡'¡hole contour

(Fig. Lc). The Sr¡edish speakers also mark statement intona-

tioo by a fal1 but it is concenÈrated to the last sy1lab1e

(Figs. La and 1b). It could be argued then that this syl1ab1e

needs a certain duration to carry Èhe fa11'

2. Fundamental freq uency

The second steP in my analysis is to briag the fund¿mental

frequency curves to a common time scale' There is no need

for any change in the fundamental frequency since the pitch

range seens to vary very little r'/ith tempo (cf' Gårding

et a1 . i-g7 5)

Figure 3 presents Èhe normalized slo¡¡ and fast-speech

utterances superimposed on each other' There is one striking

difference bet\teen the sPeakers' The East Swedish curves

are ¿rlmost the same. the oÈhers are not'

A reesonable guess is that

the accents which as I have

S¡¡edísh. I shal1 come back

this difference has to do l¡ith
said earlier are lacking in East

to this 1ater.

3. Coordination of segmen ts and fundamenÈa1 frequencY

So far I have regarded segments and fundamental frequeocy

separately. I sba11 nor{ take the third step in ny analysis

and tal-k about their coordination

For this discussion I sha11 introduce the term fiI Point
meaning a point on the funclamental frequency culve ¡¡hich

retâins its relative time position in a segment regerdless

of tempo (rie. a)
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It is clear that with a uniform change of segment duraÈions
and fundamenÈal frequency curves there nill be fix poinÈs
a1.1 the way. This is in fact what happened in my EasÈ Swedish
u¡aterial. Here (Fig.3) you can see thaÈ fron Èhe stressed
syllable (which is marked by an arrow) onwatds rhere is
roughly speaking noEhing but fix þoints. The locat.ion of
Èhe peaks over the sÈressed syllables in slow speech matches
r¡ith the corresponding peaks in fast speech, etcetera. But
what about the CenÈral and South Sr¡edish curves? They are noL
uniform buÈ there are fix poinÈs in some crucial places.
Figures la and 1b show that

(1) the
tha È

(2) Èhê

tion

peaks of the accenÈed syllables are fix points and

peak of the final sy11able marking sentence intona-
is also relatively fixed.

4. I'JhaÈ chanse is needed in a generaÈive program for rhvthm
and fundamental frequency lrhen t o varies?

I shall now Èry to answer ny inÈroducLory question

Let us first briefly consider a basic program Èhat would
generate the nornal-rate tonal and rhyÈhnic patÊerns for the
East Snedish uÈterances. Here the fundamenÈa1 frequency
curve can be derived if we have certain inforrnation: phrase
boundaries, Èype of sentence - in this case statement -
location of sÈresses and duraÈion of segments. To geÈ fast
and slow speech from this we just have to make a uniform
change of the segment durations and of the fundarnental fre-
quency curves.

For the basic normal-r.aÈe paÈterns of the speakers of Central
and SouÈh Swedish we need more information. We musÈ know the
accents, their shapes and fix poinÈs. The tenpo as before
determines the duration of the segm-ents rather uniformly
for South Swedish and the spacing of Èhe accent 

"i,"p"".

Figure.5 i1lusÈrates this situaÈion for the South Swedish
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speâker. The accent shepes are here triangles' They repre-

sent the fundamental frequency manifestation of a laryngeal

manoeuvre' the resPonse to the ac'cent command' The bases of

the triangles in the schematic curves ale constant which

reflects the fact that the corresponding parts of the

observed curves are fairly constant' This indicates that

the same laryngeal manoeuvre is retained regardless of tempo'

The nain difference betú/een the three tempi is that the

triângles are spaced differently' The points of the triang-les

however, are fixed to the segments according to certain

rules which are different for the two accents' Ir¡ slow

speech the triangles are separated and the spacing appears

as a flat uneventful portion in the curve' In fast speech

the tríangles come closer to each other' The segments that

in slow speech are stretched out in the flat portion of the

curve have noaT been pushed up into the sides of the triangles'

This interpretation sho$ts that the change of program for

South Sv¡edish when rúe go from one tempo to another is not

much more complicated than for East Sr¡edish; I^Ie make an almost

uniform change of the segment duratíons bu! we keep the accent

shapes with the peaks as fix points' Possible blanks and over-

laps will theû be fillecl out by interpolation rules' For

central Swedish $/e can use the same Procedure' But here r¡e

úust ê1so have a rule that accounts for the deviation from

uniformity in the rhythmic pattern'

I shall finally add some physiological comnents to my aria-

lysis which so far has been rathel descriptive' Prosody and

articul-ation are performed by different sets of muscles

innervated via different PathqTays of Ëhe nervous systeú'

I{ence it seems very improbable that centrally governed

articul.atory and phonatoÏy events can fo11ow each other in

detái1. Another factor of iúportance- is that the laryngeal

mechaniso including the cricothyroíd muscle is slower than

åt least some of the articulators'



In the light of these observations we can interpret our fixpoints as poinÈs of nervous coordination betr¡een articuletion
and ínÈonation. It is then very natural that they should
remain fairly independenÈ of tempo. The behaviour of theaccenÈs in Central and South Sr+edish can therefore be re_garded as a consequence of the greater inertia of the lar_yngeal mechanism ¿¡s compaled to the articulatory mechanisn.
The almosÈ tempo independent covariation between fund.amenÈa1
frequency and articulaÈion that ne have observed in East
Swedish may be due to the raÈher flat intonation rrhere Èhepeaks over the'stressed sy11ab1es have no crear bases.
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BEPmT0NADEVI0EF0flDETERMININGMEANANDDISTRIBUTIoNTTFREGUENCIES.

Peter Kitzingx, Hans-Erik Bundqvist** and Ewa 'faIox

Abstract

There is no generally accepted and practicable method for quantifying

average vocal piteh during continuous speecht even though this para-

meterisVeryoftenaffectedindifferentkindsofdysphoniasandis
the object of therapeutic measures in clinical work with voice dis-

orders.

The present peper is a description of an apparatus for immediate

presentation of the mean frequency and the distribution of frequencies

of the fundamental of the voj-ce during continuous speech' Some frequen-

cy distributions fori normal- and pathological voíces illustrate the 
.

function of the apParatus'

There are various approaches to the study of the fr-rndamental of

the voj-ce during continuous speech' Phoneticians are mostly interested

in the linguistic implications of variations of pitch or intonation'

0n the other hand, the clinical- interest of speech pathologists and

phoni-atricians ís more often directed to vocal- pitch as a correlate

of l-aryngeal- function. From this latter point of view it is of greater

interest to obtain objective data about a personrs total intonation

* Dept of Phoniatrics, ENT Clinic, University Hospital' Malmö'

*x Dept of Electrical- Measurements, Institute of Technofogy' Lund
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range and the mean and di.stribution of the fundamental frequencies
of the voice during contj-nuous speech rather than about language-
dependent intonation patterns.

For phonetic research, many methods have been developed for
extracting the fundamental of the voice from isolated.. sounds or con-
tinuous speech. Most of these methods consist of two steps. First,
the vibratory frequency of the vocal folds or the corresponding funda-
mental frequency of the voice is recorded in some way. Then the re-
corded data are measured, which is usually a l_aborious and time-con_
suming procedure. This is the case for high-speed cinematography,
for glottograms, for oscillograms anC for sound spectrograms.

One very common method is to use a frequency meter to produce an

intonation curve. such meters have been described by Grützmacher and

Lottermoser (1SOZ), Risberg (tSeZ) anA Svend Smith (tSOe), all havíng
in common a low-pass fil-ter in their initial step. The bandwidth of
this filter must be sel-ected individual-ly for different speakers, in
order. to pass the. highest oceurring fundamental frequencies while
at the same time excluding the harmonics. This is not always feasible,
so that measurements with this kind of frequency meter are liable to
be somewhat uncertain (Fry, t9?4). Moreover, the manual calculation
of the mean fundamental frequency and the frequency distríbution from
an intonation curve is very time consuming.

Another possibility is to use a digital .orprtu" to extract the
fundamental frequency of the voice. several- different computer programs

have been reported recently (e.g. Maksymt 1g?3).

In the field of speech pathology and voice disorders i-t has not
been possible to use either the laborious or the sophisti.cated methods
mentioned above for routine clinical- work. Instead, clinicians have

checked the performance of their patients with aid of tuning forks or
some musical instrument (e.g. Böhme and Hecker, 19?0). $rhile it seems

quite possible to obtain a våluabIe estimate of the voi.ce range in thls
way, the method is obviously far too subjective to offer a reasonably
safe estimate of the average fundamental pitch of the voice in con-
tinuous speech. 0n the other hand, the average fundamental. pitch j-n

continuous speech is one of the most important aspects of vocal func-
tion, and voÍce therapy often aims at normalizing this parameter when

it is pathologically disturbed.
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The present paper is a description of a specially designed apparatus

foron-linedeterminationofthemeananddistributionoffundamenta]-
frequencies of the voice. It is easy to use, and its function will be

describedandi]-lustratedwithsomedistributionsfornorma]-and
disturbed voices.

Method

The principal components of the preliminary version of the system appear

in the block diagram, Fig. 1. The signal from a microphone (sennheiser

i\,lD 421 N) is amplified and filtered in a low-pass filter (Fonema Type

0031) set to cut off the frequencies above the fundamental-. The resuft-

ingsignalisconvertedbyaSchmitttrig$ercircuitintorectangular
wave form. The periods are measured in a digital period meter and the

frequency calculated as the reciprocaÌ of the period'

The rLctangular wave is pqssed to the mean fundamental frequency

meter (with digital display) and to the frequency distribution pro-

cessor (the results of wnicfl are displayed as a histogram on'an

oscilloscope screenJ.

Tn the mean fundamental frequency meter the number of cycles is

counted during a phonatory time of twenty seconds' As voíced and un-

voicedSpeechsoundsalternateincontinuousspeech,itj-sessential
that the device operates only when a voiced input sì-gna} is present'

At the end of the processing the mean fundamental frequency appears

on a three digit disPtaY.

The frequency distribution processor consists mainly of a number

of memory ce1ls, each representing a given frequency interval-' In the

presentpreliminaryversj-onoftheapparatusthenumberofmemorycells
has had to be limited to nine. The frequency interval of each cefl was

chosen to be 6f7 of a whole tone, which means that ín its present form

it can cover a range of about 16 semitones. This range can be adjusted

in six steps as appropriate for different voices by means of a special

frequency range selector. Each incoming cycle is assigned to the rel-

evant ce11r according to its frequency. The number of cycles counted

in each celI is scanned at the end of the processing, and the distri-

bution of the frequencies (str:ict]y, of individual cycle periods) of

the fundamental of the voi-ce in the analysed speech sample is displayed

as a hístogram on the oscill-oscope screen. Each histogram
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column represents the frequency interval of the corresponding memory

cel-l while its height is proportional to the number of cycles counted
in that interval. (For technical detail-s cf. Rundqvist, jg?A,)

In practice, the mean fundamental frequency can be read off directly
from the digital display. But the histograms produced by the present
version of the apparatus cannot be used without further processing.
In order to compare histograms obtained on different occasions, the
number of cycles counted in each cell- must first be expressed as a
percentage of the total since the absol_ute numbers can vary from one

sample to another.

The speech sample analysed was a paragraph of neutral test (rrNordan_

vinden och solen'r, The North Wind and the Sun) comparable to the well
known "Rainbow" passage (Fairbanks, 1960) read at the naturaL intensity
of quiet conversation.

Preliminarv resul-ts

The function of the new apparatus can be illustrated with the followi-ng
examples.

fn normal- male (Fj-g. Za) and femal_e (f:-g. S) voices there is a

fairly wide range of fundamental frequencies extending over six or
seven col-umns in the histogram (S or 6 tonesJ, not counting columns
with height l-ov¡er than 5 %. The histogram shows either one or two peaks,
neither normally exceeding a height of 30 $. rntonation can of course
be restri-cted volontarily and this is illustrated by a sample of arti-
ficially monotonous speech with almost g0 per cent of all cycles
occurring within the same interval (fig. +).
. Restriction of the intonation range may be one feature of functional
voice di.sorders as can be seen in Fig. s, which is the record of a case
of phonasthenia before and after voice therapy. Before therapy, the
fundamental frequency distribution extended over four coLumns with two
of them exceeding 30 S. After therapy, the average fundamental piich
was lowered about one semitone and the frequency distribution widened
by one intervar with no column in the histogram exceeding 30 gÉ. similar
results have usually been found in other cases of functional voice dis-
order before and after therapy.

rn qrganic voice disorders the same type of voice changes rnay occur.
This is illustrated in Ftg. 6, recorded from q 32 yær old male with
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a letrt vocal fol-d paresis of unknown etiology. Hì-s speaking voice

sounded quite normal although somewhat weak, but there were typical

voice breaks when coughing and laughing. Being a talented aniateur

singer, he suffered from the loss of his singing voice' But in

spontaneous speech he was able to control his voice unusually well

and so did not experience great dlscomfort from his paresis during

normal conversation. Therefore, there was no need for voice therapy

but, of courser he was re-examined at regular interval-s' One year

after the appearance of the paresis, l-aryngolocial examination

revealed his feft vocal fold had regained normal respiratory and

vibratory function, and the patient reported a normalization of hís

voice when speaking as welf as singing or shouting' His mean voice

pitch was now perceptibly lower and in his vivid intonation he cc¡vered

a wide frequency range. The course of events desciibed is objectively

preserved in the fundamental frequency record ofl his speecht where

his average'fundamental pitch 1s lowered by two semitones and his

frequency range widened from four intervals io six (?-10 semitones)'

not counting Eolumns containing less than s y'" (rig' eJ'

In the cases of functional and organic dysphonias reported above'

and in other frequency recordings not reported here, the amount and

nature of voice change has been checked auditively by 1ì-stening to

tape recordings without prior knowledge of the fundamental frequency

analysis. The results of this subiective evafuationt which of course,

could be expressed only in a general descriptiont were in good

accordancewiththenumerica].dataobtainedbytheobjective
frequency analYsis.

Finally, the reproduci-bility of the method is illustrated by the

two examples from a healthy maÌe subject shown in Fig' 2t wíth a

time interval of about 20 minutes between recordings'

Discussion

Our original.goal was to construct a mean fundamental- frequency meter

for continuous speech which would easily yield objective data on-line

for daily clinical exê.minations of patients with voice disorders' It

became clear during preliminary discussions that a display of the dis-

tribution of frequencies would also be of great j-nterest' This opinì-on

was substantiated after searching the literature on the fundamental
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frequency di5tribution of speech. This literature i-s quite sparse,
probably because of the hitherto very laborious data-gathering
procedure. We are aware of onÌy four papers about fundamental fre-
quency distribution in continuous speech, namely Smith (19SS),
Risberg (tsotJ, Saíto et ar. (tsss) and pisani (lslt1.

According to the highry experienced voice therapists of the state
lnstitute for speech Disorders in copenhagen, smith and Lauritzen
(smitrr 1955Jr intonation is always changed in a characteristic way

after pedagogical voice therapy for functional voice disorders. As

ill-ustrated in smithrs paper, Lauritzen was able to demonstrate these
changes in diagrams of the frequency distributíon from four patients
with functionaÌ voice disorders. He obtained his origi.nal data on
fundamental frequency of the voice by measuring an oscillogram
curve at sampling intervals of 20 ms. Two characteristj-c changes
after therapy are reported. Firstly, there is most often an influence
on the flundamental freque'cy ul the voice, the directin of which
seems to depend on the kind of voíce disorder and the "p1acing" of
the voice by the voice therapist. Secondly, there is usually an
extension of the fundamental frequency range of the voice, displayed
by a 'rwidening of the peak" of the distribution or by "emergence of
two peaks" (quotations from SmithJ.

In a pilot study on the range and rate of change of. fundamental
frequency j-n continuous speech, Rj_sberg ( tset) puUfished frequency
distribution charts from three male and two flemale speakers reading
swedish or English texts. Fundamentar frequency irata were sampled
manually at successive 2s ms intervar.s from a Mingograph oscilrogram
produced by a modified Grützmacher analyzer. The speakers were crescribed
as being traj-ned, semitrained or untrained. rn the published diagrams
there seems to be a tendency for widened frequency range to be posi_
tively correlated with the degree of the speakerrs trainJ.ng.

Our own preJ_iminary results are in good accordance with the two
pilot studies just quoted.

Pisani. ( tszt) reports another modification of the Grützmacher
frequency analyser. By the use of a multichannel anaryser the statis-
tical distribution of voice fundamentar frequency can arso be detected.
The paper includes uncsnmented records of fundamental frequency
distribution from the same subject reciting two different pieces of
poetry.
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Another type of voice frequency distribution analysis has recently

been reportecl try Miiller ( fsza). The method is said to be based on the

filter bandwidth of the ear and measures the time during which certaín

trigger levels are reached ín 24 frequency bands reanging from 2O to

15 5OO Hz. In this way the entire acoustic speech signal- is analysed

at various trigger l-evels for amplitude distribution in each of the

24 frequency bands. As the method yields an analysis of speech

rather than voice, the resulting records arise from joint influence

of at l-east three parameters, narnely voice fundamental frequency,

formant regions and fifter bandwidth. This complex origin of the

records eomplicates the interpretation of the resulting curves. The

analysed signal to a certain degree stens not only from the voice

source but also from the resonances of the vocal tract. This will
render a correlation of these curves to the subtle auditive criteria
of functional voice disorders very difficult.

In all methods of analysis discussed so far, as wel-l- as in our own

preliminary investigations, the original signal analysêd has been

acoustical. As mentioned earlier in the introduction, the detection

of the voice fundamental in an acoustic speech signal is subject to

risks of error, mostly arising from unsufficient separation of

harmonics from the fundamental. However, experience from the detection

of laryngeal vibrations with the ald of an electroglottograph has

convinced us that these difficulties can be overcome. Therefore we

have recently substituted a glottograph for the microphone 1n our

fundamental frequency analyser, so that the input signal corresponds

to thei laryngeal vj-brations and is not an acoustic speech signaf.

The rnethod just descrlbed seems to be a präcticable and economic

way of obtaining gbjective data about normal and pathological voice

pitch in spontaneous speech. The rel-evance of these data must of

course be further substanti-ated Þy correlating the new fundamental

frequency analyses to the auditive evafuation of the same voice

samples by a panel of experienced listeners. Furthermore, the in-
fluence on intonation range of different types of text for Êpeech

samples, and the speakerrs ager sex anã dialect must be investigated.

Once these aspects are fully understood, the method is expected to

become a useful tool in clinical work with patients suffering from

voice disorders.
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Fig' 2. a' Fundamental frequency di-stribu-tion of a norrnaL voice whenreading a paragreph of neutral" text Ín 
" n"tr"ui-*åv.ihåordinate shows- the number of cycles counted in eaeh fre_quency interval expressed as a percentage of the totainumber of cycles counted in all ce11s, úale u"¡¡r.i,-ãgeu

. 
¿lO. MFF: Il.2 Hz.

b. Dlstribution frqn the sarne subject 2O minutes later-dernonstrating the reproducibiritv of tne metnoJl mil'íro 
"r.
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Fig. 4. Fundamental frequency distrLbution when reading in
an artificially monotonous way. Male subject, aged
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Fig. 5a

Fig. 5b

Fig.s.Fundamentalfrequencydistributionduringcontinuousspeech
for a case of functionaf voice disorder (phonasthenia)
(aJ uefore theraPY. and
(Uj after voioe therapy and norrnalization of the voice

function. Maì'e subject, aged 32' MFF before therapy:
l'2'2 Hz; after therapY: 118 Hz'
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one side)
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aged 32
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ON THE CONTROL OF ASPTRATION IN SWEDISII*

Anders LöfqvisÈ

Swedish voiceless stoPs are aspírated in prestress and un-

aspirated in poststress position' (Aspiration will in the

following be taken as the interval from stop release to the

onset of glottal vibrations for a following segment') This-

difference r¿ithin the set of unvoiced stops is, howeverr not

phonemic in Swedish but $¡hen it occurs aspiration serves as

one of the cues for the distinction bet\teen voiced and voice-

less sÈops since the former are always unaspirated'

Studies of subglottal pressure during the production. of

Sr¡edish stops, Löfqvist (1975), reveal no difference in this

parameter related to aspiraÈíon and the results are in agree-

ment r¡ith a model of respiratory activity in speech ¡¡hich

assumes that the respiratory system, ceteris paribus''

generates a constaût subglottal pressure irÎespective of the

presence or absence of aspiration after the stoP telease'

The coßtrol of aspíration would thus seem to depend on the

coordination of glottal and suþraglottal articulations' In

thisconnectionl^'eeannotethatthedifferenceinclosure.
duration between Swedish voiced and voiceless stoPs is

rather suall except in those positions where the latter are

unaspirated, Karlsson and Nord (197O) , Löfqvist (1973) ;

this is mainl-y due to an íncrease in cl-osure duration for

the voiceless set in these positions' From this ¡¡e níght

hypothesize that the presence or absence of aspiratíon for

the voiceless stops in Sr¡edish is related to the duration

of the oral closure.

This hypothesis is strengthened by the data given in Pigure

*_
v apeT P

aPhone t
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a

Figure 1. Aspiration (A) plotÈed
(C) for voiceless sÈops
under differenÈ sÈrees
words.

against closure duration
in various positions and

conditions in bisyllabic



I ror

1, which shor¡s the duration of the period of aspiratíon (A)

plotted .against the duration of the ocelusion (C) for

voiceless stops in various positions and unde¡ diffetent

stress conditions in bisyllabic words; each point répre-

sents the mean of 35 tokens and a negaÈive correlation is

apparent between aspiration and closure duration (r = -O'9) '
A sinple model for the control of aspiration in St¡edish

voiceless stops based on these results r¡ou1d assuúe thât the

gt-ottal gestu¡es a¡e invariant and that the duration of the

oral closure controls the arnount of aspiration' If the

release occurs while the glortis is still open the stop will

be aspirated, if it occurs ¡¡hen the glottis is already

closed the stop is unaspirated and the degTee of aspiration

depends on when the release occurs io relation to Èhe

glottal gesture.

To get. a Picture of Ëhe glottel activity Photoglottoþraphic
recordings were made during the production of the saûe test

ma.teriaL, an example of qrhich is shown in Figure 2 ' Let us

for the moment concentrate on the tirning of the glottal

movements in relation to the supraglottal events and return

later to the size of the glottal opening. The transillumi-

natiori technique does not give an adequate measure of the

degree of glottal opening since the anplitude of the signal

depends, inter a1ia, on the relative positions of light

sou!ce and 1íght sensor and these positions change during

the recoràing session; the temporal relationships in the

curve appear, however' to remain stable irrespective of sueh

changes. For the facts to be compatíb1e with the model out-

lined above we ¡¡ou1d expect among other things that the

interval from inplosion to peak glottal opening remains

stable across different positions. A Ptot of aspiration
(A) versus the interval fron implosion to Peak glottal

opening (T), Figure 3, shows no correlation (r = o'04)

and thus seems to be in agreemenÈ \rith the model as far as

tining in bisyllabic words are concerned; a fair agreement

can also be found r^rith the ¡nateïial presented in Liodqvist

(r972).
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If we try !o extend the model to stoPs in words with more

syllables it turns out, however' that the situatíon is not

that ue¿E. A plot of aspiration versus closure duration for

stops in words with 2, 3 and 4 syllables, Figure 4' shows

Èhe same negative correlation (Ï = -O'5) but several cases

can be seen where this relation does not hold' Furthermore'

aspiration appea¡s not to decrease beyond a certain limit

and when this limit is reached a further increase in closure

duration has no effect. At the same time the ploL of aspi-.

ration against the inÈerva1 from implosion Eo peak glottal

opening for the same material, Figure 5, reveals a positive

correlatio¡ (¡ = O ' 7) indicating that peak glottal opening'

tends to occur earlier during the occlusion for the un-

aspirated and less aspirated stops '

The results obtained Lhus far suggest thât several strate-

gies can be used in the producÈion of voiceless stoPs for

the control of aspiration. One is Eo change che length of

!he closure period; in the unaspirated case an increase

means that the glottis gets time to return to a position

suitable for voicing to occur prior to the release of the

or¿l closure. Anotheï is to vary the momenÈ at r¡hich

glotEal abduction and adduction occur and perhaps also the

speed of rhe glottal movements. If peak glottal opening

occurs late during the occlusion this ensures that the

glottis is open at the release in the aspirated case and

if it occurs early the glotÈis will be closed at the release

in Ehe unâspirated case; for Èhe unaspirated stops the

abduction may start di¡ring the preceding segment and thus

cause the stoP to be preaspirated. These tvro strategies

seem to be combined in the production of Swedish voiceless

unaspirated stops. A third strategy involves variations in

the magniEude of the glotÈa1- opening; a reduction of peak

glotEal opening tends Eo occur in those positions v¡here the

stress pattern of the word makes the closure duration of

the aspirated stoPs quiÈe short'

Às ¡¿as mentioned above the transillumination Èechnique can
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Figure 3

1

Aspiration
implosion
less stops
ent stress

(A) plotted against Èhe interval from
to peak gloÈtal opening (T) for voice-
in various positions and under differ-
conditions in bisyllabic q¡ords.



not give a quantitative Picture of the degree of glottal

opening. Inspection of the records and comparisons of

glottal opening for stops ¡¡ithin the same test word do'

however, suggest thTo general tendencies' Peak glottá1

opening is related Eo closure duration and increases with

it. Glottal opening at the moment of release, suggested by

Kin (197O) to be che determining factor for aspiraÈion' is

related to aspiraÈion and tends to be larger the longer

the period of aspiration. ÀÈ the same ti¡re it shoul-d be

noted that countelexamples to both these generalizations

can be found.

The material discussed above suggesÈs a framework for

studying the relations between cl-osure duration, voicing

and aspiration in stop producÈion and various straÈègies

used for the control of aspiration in various languages'
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Étude ott hi

1ntroduct 1on.

de e1

par

Ir{agnús Pétursson

islandaises.

les caractérlstlques acoustique

sives isl-andaises ont été étuAiées

pirsslm et p. I97-2O5; I974b P' 289

cherches depuis l9ro7 . l,es résuftat

s et articul-atoires des occlu-
par nous (Pétursson I974a,

-381) dans une série de re-
s o'otenus nous mettent aujourd'hui

en positlon de d-écrire fes consonnes occlusives islandaises avec

une précision beaucoup plus grande qu'if y a quelques années

seulement. lJn outre nos recherches or:t permi-s de préciser de

nonbreu-.t points obscurs dans fes descriptions traditionnel-les et

elfesontapportédesotidesarqumentsenf.aveurd,,autrespolnts
de vue;ouvent opposés à ce qu'on a affirmé depuis longtemps'

Résumons brièvement l-es faits tels qu'ils apparalssent à partir

de nos recherches
l,'island.ais moderne possède huit consonnes occl-usives' une

série de consonn"u rupi"é"" [nn th ch irh] (orttrographe p t k) et

une série de congonnes non-aspirées lp t " 
k] (orthographe b d g

ou p t k après s ou d'autres constrictlves)' Les derix sérles de

consonnec sont essentieflement sourd'es, fait qui avait déià été

prouvé par Einarsson (1927, p' 3a-49), bien qu'en certaines po-

sitionsl-esnon-asplréespuissentdevenird'essonores'D'après
nos recherches on peut espérer {ìue d'ans l-a position lntervocalique

(dans le mot et dans la phrase) et dans la positlon après nasale

etliquideSonorede5à7oþ'desocc].usivesnon.aspiréesd'evlennent
des sonores (Pétursson 1974b, p' 326-328' 334'335) '

Oir a supþosé que 1es marques dlstinctives d'es deux séries de

consonnes sont fa force et 1'aspiration' Les consonnes aspirées

soni supposées être des fortes' l"aspiration est considérée

autor:atiquement coûtme un indice de- force (Jakobson, Fant, Hal]e

l-g72, p.38). Dans nos recherches nous n'avons pas confi-rmé ce

point de vue. Nous avons constaté que toutes choses éga1es par

ail_leurs 1es occlusives non-aspirées ont un contact organique

pÌus Iar¿1e et un angJ-e des naxill-ai-res plus rédult que les

occlusives aspirées, deux faits qui sont à mettre en rel-ation

avec une énergie articulatoire plus grande des non-asplrées
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(Straka 1963, p. 35-43). ],'occlusion dee occluslves aepÍrées est
plus brève que ce11e dee occlusives non-aeþiréee, alors que J.a
durée totale (occlusi"on+aepirati-on) d.es aspiréee- est pLus grand.e
que ce1Ie des non-aspirées. cee faits sont résumés dane le tableau
t.
Tableau 1 Durée moyenne (en cs.) des occluslves islanilaieee

en position initiale de not.

lvioyenne

ph
ht"
hc"

kh

lcclusive

B ,16

ol

8'36
7, gB

7,32

occlueion

4,75

4,99
3,96
4,96
5,59

aspiratlon

p

t
c

k

occlusive

8'50

9 116
8'45
8r42
8'0

occluslon

r,62

0'9
Ir54
2r32
L 172

exploeion

Dans 1a présente étude nous abordons le problène du comporte-
ment glottal pour r-es occlueives ieland.aises, un domaine qul
n'a pas été examiné pour l-es occlusives islandaises. Dans cette
prenière contribution nous nous liniterons ar¡J( congonnes occLu-
sives en positlon lnitiale de mot et après s à l'initiale d.ane
1es groupee [sp, st, sc]. A titre de conparaison noug avons
égalenent i-nc1us l-es constri-ctlves [r p ir] en position initi"ale.
lious espérons pouvolr examiner plus tard d'autres problèmes du
consonantisme islandais à l'aide de cette néthod.e.

Uatériar¡x 1 inguistiques.
Les natériar:x linguistiques que nous avons uti_lieée pour

cette recherche conslstent en 46 mots island.ais isolés, con-
tenant 1es consonnee et 1es groupes d.e coneonnes que nous vour.lons
étudier. Tous 1es rnots alevaient contenir une voyelle antérieure
avant et après 1a consonne ou le groupe consonantique qui intéree-
sait. ceci était urie cond.ition essentierr.e afin de rinrter le
plue poselble Les ¡nouve¡nente de 1a raci-ne de 1a langue. pour Ies
voyelles poetérieuree ir existe 1e rieque que ra racine de la
langue puisee changer la position d.u tube en'polyéthèrene d.ene
leque1 est insérée Ia cel1u1e photoélectnique qu'on fait paseer
par 1e nez dane 1e pharynx. par conséquent nos mote conttennent
1ee voyeJJee antérleuree [f f e y ö ] alnei que 1a dlphtongue [ed .
un mot contient la voyelle accentuée ["]. r"" r[6 note ont été lue
21 fole dans un'orclre dlapereé, chaque not étant précéilé par le
not-clé séAöu trdler (inpératlf de eesJa).
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été réal-lsés à ¡-'Instltut de Phonétique

de f'Université de Lund 1e 18 et 1e t9 févriet 1975

résune schématiquement la clisposition des appareils pour nos

enregì-strements. Sur nos tracés nous avons quatre lignes:

f. L'oscillogramme: le son nris au niveau ou larynr' avec un

micropirone col-lé au thyrolde (tigne LI!i) '
2. Le photogtottogranme: enre4istrenent du rayon de fumière

transmis à travers la glotte (1igne GL) '

3. La pression int:'abuccale enreglstrée avec u-n tu'oe en :lastique

de],gmrndedianètrepasséparienezda.rstep}:aryilx(Ìigne
PA).L'interférenceavecl'articulationestrninimaleetcette
ciisposition du tube perä:et ie r'es¡'rer ia ;ression intrabr-rccaf e

pour J-es consonnes véialres (Löfqvist i97I' p' 27)'

4..Ledébiti,airbuccalenreglstréavecunaéro¡nètreé}ectrlque
(ligne DÀ).

L,a lumière est transrnise d'ans fa tr"achée à ia jonct.ion cu th}'roÌde

etducricoide.Ils'agitC'unrayoncel-ui"ièr'eíro.icred'une
puissance de TOOO 1lx"iu-dessu-s ie ie' 51oite sl:s¡endu-e de'ns un

tube en Þol¡r{¡¡¿1¿ne :iu'on íait passer par'le nez ei qu'on avale

dans 1'oesopirage ¡our le stabiliser il y a une celllrle photoélec-

trique enregistrant le. lurnière ir:i:sr'ise à travers la glotte

lors:¡ue cefle-ci s'ouvre' Le glottogranxì-e a toujours des con-

tour'sarrondis(figs'2-9).0ecis,e:.lrli.lueperceqir,unecerta-ine
eu-ar-rtité de fumière ratollne à travere Ìa gÌotte f ermée (I(öster'

Smith I97o, p.96; van de:r Ber3 1959' p' 287-2BB)' nais ce

f'acteur n'a pas d'iinporiairce d¡'¡-ls notre cas' clr ii s'a1it de

rûesurer l-a forme giotiaie oe consonnes sourdes pcur lesquefÌes

J-a. g-lotte es;t cie toute :[:'-çon ouver're ' ì-]-us ué1j-c-'t est ì e ¡;'o-

cfèrne de 1a 1ocal1sa.tion cLe ìa cel.l-ufe pr-.oioélecirique cal:s La

cavité pi:ar.,;11q5¡ls ' Ùn ne ceLr'l; eil effet pas sa'voir e-':¿;c'r;er'ieüi où

la cerf u.l-e piro Loéiectrirru.e se trour¡e par rapioi'b à -La 31oite '
énér'eu-se e-1oe

t. tr fig. 1

l- , r'lolrs re
dans la réalisation des enregistrenen t icutièretrent
nou.s retiÌercions Il¡ne I e lrrof esseur Kers tin lia.ociing' ciire ctric e

C.e 1'Institu,t et l\r¡ie Eva Går'cìing q

oe
éga1

Pi:oné ticuebilité de Í'aire ces enreg istrenlents. llorts reriierc 10ì19 emenf

l'Ì. rlnd.ers Löf qvist, cnarg
d-e Co:enhague et co11e.-oorateur de I Instatul oe Phonétic1r-'.e de

pour le :lrand dévouer¡.ent a aidé dans
Lund,
Ia réa lisation t ecl:nique des enre gistr enents. ldous e,''priruons

notre gratitude à iullii. SidneY IrTo od, Rob ert Bannert et Per lindblad
de 1'Institut de Phoné t i de ï,und Pour fes d.lscussions que

nei'cions -Les col-iè.ltr'ec ae Lu;rd pcur leu.r ¿
ts. Tor¡-t pa'r

u:- nous ont dol:;:é la possi-

é de cours à f'Institu-t
vec Ìequel if nou's a

a.nous avons eues avec eux propos de ces Problèmes.



110

Nous avons placé Ia cellule rà où e1le donnait de clairs signaux.
Les endroits possibles d.e localisation peuvent pourtant ôtre non-
breux. rf s'est en effet avéré impossible cle calibrer 1e glotto-
graphe avec 1e larynx vivant (van den Berg 1969, p. 2BB).
l'ampritude glottale enregistrée ne révè1e pas 1'aperture glottale
réeÌle, nais une aperture relative que nouis avons essayée d.e

transformer en val-eurs numériques. Nous avons suivi dans ce cas
la néthode proposée par Fr/kjær-Jensen et al. (1971, p. 128;
Mansell 1974, p. 143). Comme 1'aperture glottal-e n'est pas tout
à ra:,t constante à partir du thyroid.e le long des cordes vocal-es
jusqu'aux arytaenoldes, ir est évident que J.ee différences d'aper-
ture glottale sur 1e plan horizontal- peuvent influencer 1'anpl-i-
tude glottale enregistrée. ceci peut dépendre de la focal-isation
de ]a cel1ule par rapport à la glotte (Frdkjær-Jensen et ar- , rg7r,
Mansel-l 1974, p. 166). Cependant co¡nme il s'agit pour nous d,éta_
blir des valeurg relatives ce problème reste pour nous marginal.
De nême la direction du rayon de l-umière peut changer légèrement
avec le noindre changement de pooition du sujet. ceci est aussi
un facteur pouvant influencer 1'amplitude glottale sur le tracé,
de so¡te qu'on peut s'attendre à quelques irrégularités dans l-es
tracés glottographiques, fait que nous congtatons effectivement.
Néannoj-ne étant donné que ta cell-ule photoélectrique est relative-
ment fixe dans Ie pharynx on peut avoir une certaine confiance
que ces imégularités ont une importance.réduÍte. Bien qu'elles
ne soient pas à négliger, nous pensons que leur importance n'est
pas telle à influencer l'interprétation des tracés d.'une manière
décisive.
'I,eg mesures.

Nous avons pris 1es mesures guj-vantes:
1. Durée de 1'occlusion. Nous avons mesuré la durée de l'occLusion

à partir du noment où 1'amplitude de la voyelle précédente
(ligne r,lrÂ) décrolt sensi-blement. En généra1 ce moment colncicle
avec une chute rapide cle 1a ligne du débit d,air. I,a rapide
montée de cette ligne (DA) cor.ncicle en général avec la rupture
de 1'occlusion qu'on peut égatànent voir sur l,oecill-ogranme
coíune une brève période de bruits inéguliers.

2. Durée de 1'explosion pour 1es non-aspiréee.
3. Du:rée de 1'aspiratlon pour 1es aspirées.
4. Le moment de 1'ouverture glottale maxlnale par rapport au

début de I'ocqluslon.
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5. L'anpLitude glottale mesurée selon une éche11e relatlve'
" 

;";;';.-¡nrt1'"""" avons fixé cette valeur à r'oo et nous

transformons les valeurs relatives relevées pour J-es autres

consonnes pour pouvoi-r 1es comparer u."u" l" [ph] '

6. La pression.lntrabuccale mesurée en cm HrO'

T.Lemomentdelapressionintrabucca].emaximaleparrapportau
début de 1'occlusion.

}Iousavonsmesuréfaduréeenmil].isecondes.Pourlesconstri-ctives
[f p ir] nous supposons que 1a durée ctu bruit fricatif équivaut

à la d.urée de 1a consonnei En général- nous pouvons établir une

corrélation avec la ligne du déblt d'air. Les quelques cas oìr

nous constatons un retard dans l-e débit d'air pot'" [r þ] peuvent

s'expliquer de deux manières:

1. Ï,a constriction a été très serrée au début de 1a consonne de

sorte que Ie courant d 'air d'iminue un moment ' l'e résultat est

un infléchissement de la J-igne du débit d'air au début de la

consonne. Ceci est physiologiquement explicable' car on sait

que sous 1'effet du renforcement articulatoire la consonne se

ferme(Straka1963,p,35-4Ð'uneconstrictive'énergiquea
donc un cana1 de constriction plus fermé qu'une constrictive

non-énergique. f,'impédance eccrue offerte à l-a sortie de

1'alr pour une constrictive énergique se traduit dans l-e

lracé par un retard dans le flux d'aLr 2 
'

2. Il est possible que f'embouchure n'ait pas toujours été

assez bien apouyée contre la bouche de sorte qu'une certaine

quantité d'air ait pu échapper' Blen que nous ayons pris tout

fe soln possible, u.ne te1le éventualité n'est pas tout à fait

à e:'-cf ure.
Ces cas sont pourtant peu nornbreux' En généraf i1 y a une bonne

correspondance entre 1'oscillogramme et l-a ligne d'u débit d'air'

s'if existe une
1e débit d'air.

corrél-ation n'existe
semble l-e confirmer.

I'Jous n'avons pas comparé systématiquenent
Ëór"ér.tion eirtre 1'õuverture glottale et
Dtãprès Mansefl (I974, p. 163)- une te1le
p.s. l,'exan,en préliminaire de nos traces

2



Lt2

Réeultats.
l,e tableau 2 résune les réeultats iles mesures pour 1ee con-

sotures osclusives en position initiale de rirot, 1a seule position
où it y a un contraste linguistique entre une occlueive asplrée
et une occluelve non-aepirée en ielandals.
Tableau 2. Consonnes occlusives en position init.iale abeolue.

T,es chiffres 1 à ? désignent les mesures.

Selon Ie tableau 2 nous remarquons lee faj.te suivants:
1. Durée de 1' us10n.

Dans nos recherches déjà achevées nous avions constaté qu'en
moyenne la durée cle 1'occlusion.des aspirées était plus brève
que la durée de 1'occlusion iles non-aspirées. Dans le natériel
actuel ceci est seulement confirmé pour la paire lthZt]. fr
est difflcile d'expliquer à quoi cet écart par rapport à noe
premiers résultats est dû. 11 faut toutefoie noter que la dfffé-
rence est toujours très réduite (elle n'atteint qu'une petite
frection de centiseconde) et que le fait de lire dans une
enbouchure peut avoir u¡,¡ effet sur 1a durée de 1'occLusion.
En fait on ne peut pas dire que les mots lus dans ces conclitions
aient une prononciation no¡uale et naturelle, maie entre eux i1s
eont comparables.
2.-3. Durée cle 1'explosion 1'aspiration.

If se confirme Ie fait déjà constaté que 1es palatales et
les vélaires ont la tendance à avolr 1'exprosion et 1'aspiration
1a plus longue (?éturseon 19?4b, p. 321, tabLeau ?4).
4. Le ¡nctment de 1'ouverture slottale naxi¡naLe Dar raDDort au

début de 1'occlueion.
la flg. 10 lllustre le moment de l'ouverture maximale par

rapport au début de 1'occlusion. pour Les consonnes aspiréee
1'ouverture glottale naxinale lntervient toujoure clans La

lpl
[t]
t"l
lrl

tphl

hhl
["h]
t*T

Cons.

2I
21

2t
2T

2!
2L

20

20

Nombre
d'ex.

I23,5
158,0
ro7,5
I2o 15

I28,5
r2o,5
109" 0
126,5

1

10r0
10r0
16 15
72 13

2

36 |O
36,O
50,5
50ro

3

47,O

54,O
45 '5
43,Q

80' 5

78,5
78 15

98,5

4

0

0

0

1

67

6z

87

41

1

1

1

1

oo

02

79

81

5

9ro
11,0

916
913

719
lOrO
8r9

10rB

6

123r5
i5a, o

IO7,5
rz}15

L2815
I2O,5
109 ,0
L26,5

7



113

seconde noitié de 1'occlusion. Dans la plupart des cas 1'ouver-

ture glottaJe maximale intervient d'ans 1e début d'e la seconde'

noitié cte 1'occlusion. Dans un tiers d'es cas 1e maximum d'ou-

verture glottale intervient 10 ou 20 msec ' avant 1a rupture de

1'occl-usion. Dans notre natériel nous nlavons aucun cas oì1

1'ouvertureglottalemaxlmaletombeaprèslaruptured'e1'occlu-
sion,cequiestleplusfréquentendanois(Frdkjær-Jensenf97f'
p. I32; Mansell 1974, p' 149 tabfeau 5) '

Pour fes consonnes non-aspirées le monent de 1'ouverture

glottale maximal-e lntervient presque toujours dans la première

rnoitié de 1'occlusion. Dans de nombreux cas ce moment intervient

30-40 msec. après le début de f'occlusion'
lacoord.inationtemporelle(ti-nring)entre].,activitéglottale

et fes organes supraglottaux est par conséquent fondamentalement

différente pour l-es consonnes aspirées et les non-aspirées' ce

lluiconfirmeunefoisdeplusque]-adifférenceessentie]-leentre
les deux séries d'occl-usives en lslandais est avant tout une

différence d'aspiration (Pétursson 19?4a, p' 2o3-2O5; I9l4b'
p. 360-365).

'ouverture ott c

Pour l-a corl"ortnu I ] ,rol;" avons fixé 1a val-eur numérique

1.00 pour f'ouverture glottale et à partir cte ce cl:iffre nous

avons cal-culé une vafeur relative pour 1es autres consonnes'

Nous suivons sur ce point fa néthode proposée par Frdkjær-Jensen

et al- . Q97L, p. f2B) qui anal-ysent cependsnt seul-ement l-es

consonnes labiaÌes et le lf't]. C"" chiffres n'indíquent pas

1'ouverture glottale réefle, mais lls donnent une id'ée de

dlfférences re]ati-ves. Même avec cette restrictlon ies chiffres

font apparaltre d'es facteurs intéressants (fig' 11)' D'après

leschiffres]elieud,articufationauraÍtunecertaineinfluelrce
sur l'aperture 91otta1e. L'aperture glottale serai-t d'autant

plus large plus le fieu d'articulation est reculé d'ans la cavité

buccale. Si nous adnettone d'après Kim (1970, p. 109-111) que

lad.uréede1'aspirationdépenddel-'ouvert'ureglottaleau
noment de la rupture de 1'occlusion ceci expliquerait pourquoi

1es palatales et les vél-aires ont toujours 1'aspiration et 1'ex-

plosion 1es plus longues. 11 serâit aussi- posslble de penser

quelevolumede].acavitéderrièrele].ieud.larticulation
pourraitavoiruneinfluencesurlapresslonintrabuccaleetpar
1à sur 1'ouverture glottale (LindqYist L972b, p' 15)' 0n pourrait

espérerquelapressioníntrabuccafeseraitcl,autantplusé1evée

5. \
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plus la savité est réd.uite, supposant bien entendu que toutee
1es consonnes dépensent, toutes choses éga1es par ailleurs, la
mêne quantité d'âir. Cette hypothèse n'a cepend.ant pas été
confirmée.
6. l,a preesion intrabuccale.

Sj- nous calculons la noyenrìe générale de 1a preselon intra-
buccale pour l-es aspirées (9r40 cm HrO) et pour 1ee non-aspirées
(9r72 cm HrO) nous constatons que 1a pressj-on intrabuccale est
Iégèrement plus é1evée pour les non-aspirées. pourtant la diffé-
rence est si réd.uite qu'il est diffi_cile de penser qu'elle puisse
avoir une signification quelcoirque. 0n peut seulement dire qu'i1
n'y a pratiquement'pas de d.ifférence entre les occlusives
aspirées et les non-aspì-rées islandaises en ce qui concerne la
pression intrabuccale.
7. Le moment de 1a .oression intrab uccal-e maxinale.

En généra1 la pression j-ntrabuccal-e maxj-male est atteinte à
1a fin de 1'occlusion juste avant Ìa rupture. 0e1a est le cas
pour les aspirées et pour 1es non-aspiréee. pourtant il y a
quelques exemples où le maximum de pression est atteint 1O ou
20 msec. après le début de 1'occl-usion. pour [ph] ,ro.r" avons
{ cas oì¡ le maxj-mum de pression est atteint.lO msec. et un cas
oì.r it est atteint 20 msec. après 1e début de l'occlusion. pour

[tn] ce€r cas sont 4 et pour [p] ,ro.r" avons deux exempfes de ce
type (corqp. fig. 3). Lorsque 1a pression intrabuccale atteint
son maximum juste après 1e début de 1'occluoion, elle tombe
généralenent de 1 ou 2 cn HrO un moment après et reste à ce
niveau jusqu'au noment cle la rupture de 1'occlueion.
Ies constri-ctives.

le tableau 3 résune les mesures sur 1es constrictives dans
notre matériel.
Tableau 3. les constrictives [r p i,].

Nombre
cl'ex.

1 4 5 6

L'aperture glottale est la pJ-us grancLe pour f" [p] ce qui
correspond à Ia nêne tendance que pour les occlueives, à savoir
que 1'aperture auguente à mesure que 1e 11eu d.'erticul-ation
recule dans la cavité buccale

trl
tpl
[r']

2L

2I
2I

t55,5
L62,5
t22;o

68,5
70, o

46,o

I
1

0

18

56

50

8'1
1o'9

2
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D'après lindqvist (Ig72b, p. 1?) 1'aperture glottale est plus

grande pour les constrictives que pour 1es occlusives' Nos

données sembl-ent le confirmer en généra¡-' Pour [i'] r'aperture
glottale est la plus réduite. ce même falt est également con-

staté par lindqvist (1972b, p. 17) ' on peut éventuel-lement ex-

pliquer ceci par fe fait que le lirl est prononcé avec un canal

buceal 0uvert sans constriction dans ]a cavité buccale. Son

articu]ation ressemble en effet à l'expiration pure et simple'

Or, on sait' que 1a glotte est norrnalement plus fermée à l-'ex-
piration qu'à l-'insplratlon (I,adefoged, 1971' p' 9), ce qui

pourrait e::pliquer 1e fait observé.
Un autre fait intéressant est l-e mouvement symétriclue de 1a

glotte pour les constrictives. f,'aperture maxj-male est atteinte

vers fe milieu de 1a durée de la consonne (fi-gs' 4-6, f4) et

les mouvements d'ouverture et de fermeture ont à peu près la

¡aême durée.
La pression intrabuccale n'est en général pas plus réduite

pour 1es constrictives que pour les occlusives (fig' 13), mais

pour J-es constrictives 1a preSsion ne reste qu'un petit moment

à un nlveau (figs. 4-6), alors que pour les occl-usives ce

moment est beaucoup plus long (fígs . 2 et 3) '

IreS grOupes d.e s+occlusive.
En isl-andais 1es occfusives !. ! E ne peuvent pas être aspirées

après s ou une autre constrictive faisant partie du même mot que

1'occl_usive. L'islandais partage ce trait phonétlque avec l-es

autres J_angues germaniques et autänt que nous le sachions ce trait
est commun à toutes les autres J-angues et dlalectes européens.

Le tabfeau 4 résume les d.onnées des groupes de s+occfusive'

Tableau 4. Groupes de s+occlusive à f initiafe de mot.

["p]
[st I
[""]

Groupe

2t
2l
2I

N
d

ombre
ex

r35,O
r3o,5
r22,5

1
lecons. 2econs.

87,0
93,r

103,0

9r5
1_O, O

18, 8

2

57,O
59,5
69,Q

4

r.53
2.r2
2.O9

5

9r0
1l_r0

9'0

t

Il- ressort du tabfeau 4 qu'au niveau glottal 1es groupes de

s+occl-usive sont traités conme une unité. T,a glotte fait un

seul- mouvement d'ouverture gù de fermeture pour 1es deux con-

sonnes (figs. 7-Ð comme s'i1 s'agissait d'une seule consonne

occl-usive ou constrictlve.
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te naxinum d'ouverture glottare tombe à f intérieur du g (tableau
{' colonne 4) blen avant 1e début de la consonne occrusive (fig.
12). r,'ouverture glottare est en généra1 très grande (fig. 1r) et
la pression i-ntrabuccale est élevée (fi-g. 13) avec pourtant une
tendancé assez prononcée à conserver d.eux niveaux correspondant
à 1a consonne g et à l'occlusive respectlvement (flgs . T_9).
Dans nos tracés nous n'avons pas observé la tendance à der¡x
sommets dont parì-ent Frlkjær-Jensen et a1. (1971, p.138 et fig. 5).
pour 1es glottograrnmes de s+occlusive en danois. rL faut pourtant
noter que 1'e>:emple de Frlkjær_Jensen et aI. est un exemple où
les de*x consonnes apparti-en4ent à des sylrabes d.ifférentes.
Concl-usions.

L'ectivité grottale est fondamentalement différente pour 1es
occlusives aspirées et 1es occlusives non-aspirées isLandaises.
Cette différence se situe à d.eux niveaux:

1. Par rapirort à 1'activité supraglottique.
2. ¿u niveau de f'ouverture glotta1e.

Par rapport à r'activlté supragr.ottique 1e sommet de r-'ouverture
glottale intervient très tôt après le début de 1'occlusion, si
1a consonne est une non-asplrée. r'ouverture gJ.ottar-e est réduite
et la glotte est déjà pratiquement fernée au moment d.e r_a rupture
de 1'occtusion. r,'explosion est. d.onc brève et r-a voyelle cornmence
immédiatement après 1'explosion.

Pour l-es consonnes aspÍrées 1 'ouverture g1'ottare maximar-e
tonbe ou bien dans la der¡xième moi-tié de 1 'occrr¡sion ou bien
10 à 30 msec. avant Ìa rupture de 1'occr-ueion. comine 1a glotte

=11t =très ouverte pour 1es aspirées, i1 faut un temps plus long,
pour qu'el1e puissef arriver'à une position fermée. cet inter-
vall-e constitue 1'aèpiration. comme r'ouverture glottal_e senble

J augmenter avec le récu1 du lieu d,articulation (fig. lI),.cela
j pou*ai-t expliquer pourquoi- 1 'aspiration est 1a plus J_ongue pour
I lee vélaires et lee palatales. 11 faut cependant aussi penser

que 1es mouvements du dos de ra rangue sont plus r_ents que ceux
de 1'apex, ce qui peut parti-elr-ernent expliquer que 1'aspiration
des vélaires et des palatales est plus longue que cel_l-e des
labiales et des alvéodentales.

r,a d'ifférence de synchronisation entre 1'activité glottare
et 1'activité suprallottique est le trait essentier distinguant
les aepirées et - les non-asplrées isr-and.aisee. ceci revient à dire
que la différence essentier.re entre Iee dsux eériee de coneonnes
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est une différence d'aspiration (Pétursson 1974b, p. 357-36j),
I'Jos enregistrements apportent tous les arguenents en faveur de'
la théoríe de Kim Q97O) qu-e fe, durée de l'aspiration dépend-

essentiel-l-ement du degré d'ouverture glottale au moment de l-a
ruotu,re de 1'occlusion. Par contre ra d.urée de .1 

'aspiratlon ne
sembl-e pas dépendre de 1'ou.verture glottale absoiue (Lindqvist
I972b, p.20). Noe tracés ne nous eutorisent pas à décider si
l.'ou.verture qlotte.1e pour 1es non-aspirées est une actj-vité
passlve ou e-ctive (Frlkjær-Jensen et af . IC,7I, p. 134) . lforr-s

pouvons s;eulen¡ent cone tater l-a. différence d.'oLr-vertu-re glottate
entre les a.spirées et les non-asoirées, mais nous n'avons pas
de données nous pern:ettant de dlre que 1'une est passive et l'autre
est ective. Jusqu.'à la preuve clu contraire nou-s supposons clue

f 'ou-vertu-re glottale est tou.jou-rs un norr.ver:rent actif et nous y
voyons la preu-ve d¿rns l-e fait que l-'ouverture glottale n'intervient
pas à n'importe quef morÌen-t par rapport à l'occl-u.sion, nais effe
est a.u contra-ire soigneusement coordonnée avec 1'activité supra-
glottique.

Pour les constrj-ctives 1'ou-vertu.re glotiale naxinale lntervient
à peu. près au milieu de Ìe. durée et l-es pìr:.ses d'o,.iverture et de
f ermeture glottales sont presqr-re s¡rmétririu.es.

0n a supposé que la pression intrabuccafe serait u-n paranrètre
irnportant assura.nt l-e. distinctj_on entre une occlusive aspirée
et une non-aspirée. GuÕfinnsson (1946, Þ. 39) suppose que la
presslon intrabuccale ronpt l'occluslon des escj_rées, aJ-ors que
1a rupture de 1'occlusion des non-as¡irées seraÍt produite pa::
1'activité musculaire. llou-s apportons les prenières données sur
1a pression lntrabuccafe des occh;.sives istanCaises. Ces données
rnontrent que fes falts ne se orésentent pes corme Guöfinnsson l_e

supposait. la pressj-on intrabuccal_e moyenne est plus grande pour
l-es non-asplrées que pour J-cs espirées, nais 1a différence est
si réduite qu'e11e ne peut pe,s être significative (fie. 13).
11 est permis d'en coircl-ure, nous semble-t-i1, que la pression
intrabuccale.ne peut pas différenci-er l-es der.lx séries de con-
sonnes: el-l-es se différencient essentiel_fement par l'aspiration.

Ce qui surprend un peu, c'est que l-a pression intrabuccal-e
des constricti,ves est aussl grande que cel-fe des occlusives.
Ce mêne fait a été constaté par Slis (1970, p.2OO). Ceci
sembl-e indiquer que c'est en premier lieu I'activité glottale
qui déterrnine la pression intrabùccale et non pas 1e rnod.e

't
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articulatoire d.e 1a consonne. IJa pression intrabuccale seraj-t
essentiellement indépendante de 1'activité supraglottique.

Les groupes de g+occlusive sont traités au niveau glottal
conne une unitér la glotte ne s'ouvrant qu'une seule fois pour
les deux consonnes. 11 s'agit d'un mode de coordination partl-
cul-ier entre 1'activité glottale et supraglottique qui devrait
expliquer pourquoi la conbonne occlusive n'est pas asplrée
après g. Pour obtenir une économie maxima.le de mouvement glottal
1a glotte ne s'ouvre qu'une seule fois. La difficulté de coor-
donner 1e mouvenent glottal de deux manières différentes avec
le nême type d'activité supraglottique, à savoir s+occlusive,
est probabÌement la raison pour 1aque11e 1es langues ont en
général renoncé à créer un contraste cl'aspiration apre's 1es
groupes de s+occlusive. C'est ce principe que Rothenber g désigne
cornne 1e rnouvement glottal unidirectionnel (Rothenberg 1968, p.
88-89). Xim (I97O, p. 113-114) explique 1'absence cl'aspiration
des occlusives après s comme un fait de coarticulation. D'apre-s
1ui on poseéderait déjà pendant le g f infornati,on sur l'occlu-
sive subséquente. 11 ne faut par conséquent pas retard.er un
mouvenent articulatoire pour l-a consonne subséquente si ce
mouvement n'est pas incompatible avec la réalisation de la con-
sonne précédente. Si 1'ouverture glottale cornmence pendant le
g, ceci signifie que 1a fermeture de la glotte cornrÌencera un
peu avant ou pendant le début cle 1'occlusive subséquente
l'écono¡nie des mouvèments, c'est-à-dire la réalisation d'un
seul cycle baJistique d.ont la clurée moyenne osci,Ile entre 150
et I25 msec. pour 1e débit normal de la parolê (Rothenberg 1968,
p. 82¡ d.'après lindqviet I972b, p. I2 la durée de ce cycle est
de 2OO msec.), inplique que 1'occlusive sera non-aspirée après
Le s. I,e pouvoir e:'.plicatif cte cette hypothèse est si grancl
que nous avons cru pouvoi-r affirmer dang une discussion qu'il
s'agissai-t d'un fait universel (Pétursson 1975, p. 653).
Cette nêne hypothèse eenble expliquer parfaitement pourquol
une occlueive aspirée ne peut pae_exister après une liquide
et naeale eourde en ielandais du Sud, alors qu'elle peut exister
après nasal-e est liquid.e eonore en islandais du Nord (Guö-
finnsson L964, p. 16-43¡ Pétursson 1973, p. Izt-IZ4).

Pourtant il ne elagit pae d.'une caractéristique unlverselle.
Dane 1'évolution des languee indiennee Iee groupes e!h, sth, eph
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ont existé (Elizarenkova 1974, p' 772) ' En espagnol colombien

.dans les parlers de Carmen d'e Carupa (province de Cundinamarca) '
corrales et de Monguí (province de Boyacá) i1 y a llasniration

dans l_es groupes """""""*tq.,.,"" 
[rr, r, t * p, t, k] , [" * p, t, k]

et d"ans l-es groupes de deux occlusives' Les consonnes lntervoca-

1lques peuvent aussi être.aspirées dans ces dialectes' L'aspira-

tion apparait aussi en phonétlque syntactique et semble cor¡-

pf¿t"t"r.t indépendante des limites du mot' I'es langues européenrìes

distinguent par contre solgneursement entre l-a phonétique du

mot et 1a phonétlque syntactlque' Dans les langues germa'niques

1'aspiration ne peut pas exister après s dans l-e même mot' mais

elle peut très bien exister après s en_phonétique syntactlque:

Aliei¡rand: Was tut sie? it"," tht' t zizf rrque falt-elfe?rt

Isiandais: Hás karl [n",'," that[J rrun homme enroué"'

I,'e>:emple de 1'espagnol col-ombien (Rodrlguez de Montes 1972)

est donc d,un intérêt typologique extraordlnaire. I,,aspiration 3

de 1'espagnol- colombien dont tous les traits ne sont pas encore

connus est peut-être un de ces effets de substrat qu''A;nado

Al-onso (1967, p- 32r) souhaitait qu'on puisse un jour découvrir

en Àmérlque latine. Alnsi on explique fes consonnes glottalisées

de1'espagnoldeYucatán(''letrasherldas||Ze:moraVicentef9T0'
p. 390) contme étant dues à un substrat maya'

Bien que 1e type de cornblnaison de s+occl-uslve non-aspirée

soit alnsi le type le plus répand'u, ce n'est pas ie eeul type en-

registré dans fês langues. Théoriquement on comprend aisérnent

qu'une occlusive aspirée solt possible après !' Une aspiration

après I peut être obtenue d'e der:x manières:

1.?arunretarddumaximumdel'ouvertureglottale
jusquedansladeuxlèmemoiti-éde].,occlusionde1,occ].u-
sive qui suit l-e s.

2. Par d'eux somnets d,ouverture glotta1e, un sonmet corre-

spondant à ciraque consonne 4 
'

3.Enespagnolletermerr¿gpiraciónt'agénéra].ementunesl8ni--'ãï"áiïoi ¿i_f¡é""rrte de cèltu de ce terme dans les lan*ues
germanique". n" espagnol ce mof désigne habituellement une

F"ã"ã""i.tio"-ãpéãi"ie ¿u h- initial provenant du f- latin,
ou une p"onor,"iãiiã"-ãp¿ðiãfe .de 1a jõ-ta t+l ::lt le soufrle
ãtrr.--_"- i,nproãii-q"ï ã-'á*"ri (zamora- vicente 1970, p . 55-73;
3I942I¡ 396-397 et Passin¡) '

4. rt est à 
".,rppááå""q"ã*ãtããi 

ce modè1e qui prévaut en phoné--' ;;q;;-"t"i;ä;iã;; å;;" 19: gi"t¿' /-" f ocõtusrv" -?:tiléll:-
Comme nous ri avons pas d'enregistrements de ces Sroupes ceca
ið"i; pour te-nómãn-t ãeuretenã urre hypothèse'
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De cee cleux possibilités.ra première nous sembre la plus probable,
parce qu'e1Ie suppose une plus grande économie des mouvements
phonatoires. Mais ceci ne peut être réso1u qu'expérimentalement.
11 faut aussi remarquer que 1,économ1e, quoiqu,importante, n.est
pas 1e seul facteur de 1'évolution linguistique. En island.ais
du Norcl Les occlusives lntervocaliques se mai-ntiennent depuis
des s1ècles bien qu'Í1 n'y ait pas d'opposition aspirée/non-asp1-
rée en position intervocalique. r'aspiration remplit ringuistlque-
ment le rnène rôr-e en danois et en islandais. pourtant r-'aspirati_on
est plus longue en danois qu'en islandais, fait qui avait déjà
été observé par Sveinbjörnsson (1g94, p, 97). les recherches
expérimentales font apparaitre que ceci est dû au fait que le
maxim,m de l-'ouverture glottale intervient plus tardivement en
danois qu'en islandals (Frdkjær-Jensen 1921, p. 132; ûlansel-t
1974, p. r49)

Dans l-'interprétation de faits linguistiques if faut toujoursrester ouvert aux poesi_b11ités d.,expllcation qui peuvent se
présenter. rr- ne faut pas se laisser inmobillser par une théorie
ou des théories déterninées, mais i1 faut se raisser guider par
les faits dans f interprétation. Rappe]-ons ici une phrase oubriée
d'e Rousselot qui renferme aujourd'hui encore une très grand.e véri-té:rr les faits s'arrangent toujours; quant aux théories on 1es
aryange au besoinr' (Rousselot r91r, p. 113). En travairr_ant danscet' esprit en linguisti-que et en phonétique on sera toujoursstr clue l-a recherche se fera sur des bases sol-ides.

Phonetisches Institut
der Unj-versität Hamburg
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PA

DA

Fig. 2. Segôu lunnu "d1s.fttil.
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Lt'l

F1g. 3. Stgöu bltl nillc¡norcc¡un.
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Fig. 4. Segôu finna trdis: trouveril'
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Fig. 5. Segöu þt rrdls'bruit ile frictionrr'
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Fig. 6. Segðu hafa rritie: avoirrl
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Flg. 7. Scgðu.g¡itr rdlsr plèce de boisú
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Fig. 8, Segöu stlml trclls: i 'avancetr.

FlS. 9. Segöu gllpl rfdle: bateaur'.
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Fig. 10. I'e nro¡nent de 1'ouverture glottale.maxinrale (inci-ollé i¡r
o) pa.r rapport au début de l'occhr.slon (:) . Le- i-lrrée
de 1'occlueion a été normalieée par rapport à ia ru¡-
ture indiquée par l-e trelt verticaL.
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pàthcökh ?tck fÞh rpstrc

Fig. 11. L'ouverture glottale relative des consonnes étudiées.
f,a valeur 1.OO est assignée arbitrairenent à la con-

"orrrr" [ph] et à partir de ce chiffre 1es valeurs rela-
tives ont été calculées pour les autres consorules.
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tsl o cclu¡íve

30 {o go lo ló It - l¡ ¡a. lo læ ñ¡.

Fig. 12. f,e moment de 1'ouverture glottale meximale (indiquée
par c) par rapport au début de la consonne g dans

lee groupee de s+occluslve
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Fig. 13. Pression intrabnccale moyenne en cm H.O pou-r les¿'
consonnes étudiées.
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Fi6. 14. 1,e mo¡aent de 1'ouverture glottale û¡aliinale par
repport à la durée moyenne des constrictives
i; ¡ r.]




