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AUDTTORY AND LTNGUISTIC PROCESSES TN THE PERCEPTION OF TNTONATION CONTOUHS

+f.}l
Michael $tuddert-Kennedy and Kerstin Hadding

The perception of spoken language may be conceived as a process eonducted at

several successive and simultaneous levels. Auditory, phonetic, phonological,

syntactic and semantic processes form a hierarchy, but decisions from higher

leve1s also feed back tcl correct or verify tentatj-ve decisions at lower le-

vels and to construct the final percept. Suitable experlments [e.g. Warren,

19?0J mey demonstrate the control exercised by higher on lower leve1

decislons, and the partial determi-nation of phonetie shape by phonological

and syntactic rules is readily assumed by some llnguists [".g. Chomsky and

HaU-e, l9tì8, p. 24). However, the audltory level, itself a complex of in-

teractive processes by which an acoustic signal is oonverted into a repre-

sentation suitabl-e for input to the phonetic component fFourcin,19?1), is

commonly taken to be relatively indepencjent.

A few studies have questioned this assumption. Ladefoged and MeKinney

[fSeS), for examp]e, showed that judgments of the loudness of words presen-

ted in a carrier eentence may be more closely related to the work done upon

them in phonation, that is, to their degree of stress, than to their aceus-

tic intensity. AlLen (fSZf), replicating and extending the experiment, df,o*eO

that both acoustic level and inferred vocal- effort may serve as cues for

the loudness of speech, and that indlviduaLs differ in the weight they

rÉ This study will also appear in a forthcoming Report from Haskins Labo-
ratories. Eiome of the results were reported at the VIIth International
Congress of Phonetic Sciences in Montreal, August J,97I. (StuOUert-
Kennedy and Hadding, 1971).

*x Haskins Laboratories, New Haven, Connecticut, M. Studdert-Kennedy also
at Graduate Center and Queens College¡ City Universj.ty of New York and
K. Hadding also at Lund University, Sweden.



2

assign to these cues. Evidently, loudness judgment may entail a relatively

complex process of inferenee, drawing upon more than one level of analysis.

The same may be true of pitch judgment: Hadding-Koch and Studdert-Kennedy

(tSes, 1964, 1965) found that euditory judgments of listeners asked tb
:.

asðess fundamental frequency (fo) contours imposed synthetlcally on a-carrier

word, seemed to be influenced by linguistic decisions. The present exç¡eri-

ment extends this earlier work and by examini.ng the relations among sqctions

of the f- contour used in judging an utterance as a question or statepent,o-
attempts a more detailed understanding of auditory-linguistic i-nteraction

in the perception of intonation contours.l

The starting-point for the sbudy is the importance commonly attributed to

the terminal glide as an acoustj-c cue for judgment of an utterance as a

question or statement. Two related sets of questions present themselvgs. The

first eoncerns the basis for auditory judgments of the glide. From our ear-

lier study (HauO:-ng-Koch and $tuddert-Kennedy 1963, L964, 1965) it was evi-

dent that listeners frequently judge a falling glide as rising and a ui"inn

glide as faIIÍng. ïs the origin of this effect auditory (psychophyeicàf)

or linguistic? Our study left the question unanswered. There, we systqma-

tically manipulated the contour of an utterance by varying fo at the qtress

Fe*r at the "turning-point" before the terminal- glide, and at the end-

poj-nt. We then asked listeners to cLassify each contour as ( I ) question or

statement flinguistic judgment), [2) traving a terminal rise or fall (psycho-

physical judgment). The two tasks yielded remarkably similar results:

whether judging the entire contour linguistically or its terminal glide
,,

psychophysically, listeners were influeneed in similar ways by the ovçral}

pattern of the contour. The outcome suggested that auditory judgments may

have been controlled, in part, by linguistic judgments. But the reverqe in-

terpretation--that J-inguistlc judgments of the entire contour were controlled

by auditory judgments of the terminal glide-is equally plauslble as long as
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we do not know the auditory capacity of Listeners for judging the ter-1nina1

glides of matched non-speeoh contours.

The present study attempts to resol-ve this ambiguity by including the

necessary non-speeeh judgments. Effects observecl only in the two typeb of

speech judgment would then be compatible with the first interpretation,

whife effects observed in all three types of judgment would Oe compatible

with the second. 
.

At the same time, this study broaches a second, related set of questions.
.,.

These concern the roles of the various sections of the conùour i-n detemining

Ìinguistic judgments. Previous studies, both naturalistic and experimental,

have suggested that listeners make use of an entire contour, not simpÍy of

the termÍnel glide, in judging an utterance (see Gårding and Abramson, 1965t

Hadding-Koch, 1961; Hadding-Koch and Studdert-Kennedy, 1963' l-964' I9€5).
..

For exarnple, spectrographic analyses of Swedish speech have shown thaþ, in

thís language, "yes-no" questions normally display not only a terminal rise,

but also an overall higher fo than stEtements (UaAOing-Koch, 1961). Oçner

utterances in whlch the speaker wants to draw the listener's special

attention also dlsplay an overall high fo and a terminal rise: in listening

tests the labeLs "questiont', "surprise", "interest" have been found tg be

interchangeable (HaUUing-Koch, 1961, pp. 126 ff.). If a speaker is not

j.nterested or is asking a questi.on to which he thinks he knows the answer,

his utterances tend to display a lower overall fo and a falling terminal

glide, similar to those of statements.

The importance of the entire contour may be reflected in the phonetlc

description. If four fo levels are postulated, with arrows showing the

di.rection of the terminal glide, the intonation contour of a typical Qwedish

"yes-no" question could be described with one number at the beglnning,of

the utterance and twc at the stres=r3.= 3 44 Íl13 (the superscript 3 in-..

dicates the endpoint of the terminal glide) o", j-f Jess "i.nterested", as
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')
2 33 2+'. A neu¡tural statement woufd be best described as 2 33 1,|,, or even

2 22 1t, though the lettermight also indicate a certain indifference. Much

the same statement contour is typlcal of American English. However, qupstions

in this language are said to display a more or less contiru¡ously risi.ng
ô.

contour (eite, 1945; Hockett, 1955J which might be described as 2 22 3rl- or

2 æ 314. Simifar contours occur in Swedish echo-questions.4

These naturalistic observatj.ons of speech are, in general, consistent with

results of our experimental study of perception (Hadding-Koch and StuCdert-

Kennedy, 1963, 1964, 1965J. Swedish lísteners selected a typical Swedish
::

question {Z qq 2f) among their preferred question contours, and a }ower

contour with a l-evel terminal glide [Z SS 1à) among their preferred state-

ments (tfrey woulcl probably have preferred 2 33 lÛ for a statement had this

contour been included). The North American listeners also preferred

2 44 Vl for a question.end 2 33 1Ð for a statement, but they were fiore un-

certain (in less agreement with one anotherJ than the Swedish lj.steners--

perhaps because the contours were based on Swedish speech and did not in-

clude, for example, a typical American English question.

Granted, then, the importance of the entire contour, we may now ask how

its various sections work together to control linguistic judgment. Herq,

let us recaIl a central finding of our previous study, namely that theie was

perceptual reciprocíty among various sections of a contour: listeners

would trade a high fo at one point in the utterance for a high fo elsewhere.

For example, an utterance with a relatively high fo at peak or turning-

point required a small,er terminal rise to be heard as a question than en

utterance with relativeJ-y low fo at peak or turning-point. We may intefpret

this reciprocity in either of two ways. The first interpretation assigns only

auditory status to peak and turning-point, and assumes their linguistiq role

to be ildirect. Thus, an utterance is marked as question or statement Þy its

apparent termj-nal glide. Earlier sections of the contour are important only
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insofar as they alter [by some mechanism to be speeified) listeners' per-

ceptions of that glide, and thereby give rise to the observed reciprocity

effects. Lieberman's (196?) account of our results rests squarely on these

assumptions. He selects an "analysis-by-synthesis" mechanisrn to account

for the reciprocity.

An alternative interpretatj.on assigns a gæg linguistic function to

peak and turning-point. An utterance is marked as questj-on or statement not

only by its terminal glide, but also by the fo pattern over its earlier

course. Listeners discover at least two acoustic cues within a contour,

either or both of which may control their linguístic decision. The

weighting of these cues (by some unknown mechanism) gives rise to the re-

ciprocity observed in linguistic judgments.

A second purpose of this study was to distinguish between these accounts,

again by extending our earlier work to include judgments of the terminal

glides of matched non-speech contours. Effects present j-n all three types

of judgment would then require the first interpretati-on, but would exclude

an account, such as that of Lieberman (fSOZ), that invoked specializecl

speech mechanj.sms. Effeøts present only in the two types of speech judgrnent

would be compatible with both the first interpretation and Liebermanrs

hypothesized mechanj,sm. Effects present only in the linguistic judgments

would requi-re the second interpretation

Final1y,. an additional purpose of the study was to extend our cfoss-

linguistic comparison of Swedish and American English listeners. Il/e there-

fore enlarged the set of contours to include typical questions and state-

ments from both funerican English and Swedish.

MEÏHOD

The stimuli were prepared by means of the Haskins Laboratories Dlg1tal

Spectrum Manipulator (OSU|) (Cooper, 1964). This device provi.des a spectro-
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graphic display of a l9-channel vocoder analysis" digitized to 6-bits at 1O

millj-second J-ntervals, and permits the experimenter' to var)/ the contents of

each ceLl in the frequency-tirne matrix, before resynthesis by the vocòder.

For the present study we were interested in the channel- that displayecl the

time course of the fundamental frequency of the utterance, sj-nce it was by

manipulating the cnntents of this channel that we varied fo.

The utteranoe "Novemberr' [no'vgmbð] was spoken by an American malervoj.ce

into the vocoder and stored in the DSM. Fo was then manipulated over a

range from 85 cps to 22A Hzc The fo values at the most important points of

the contours (starting-point, peak, turning point and end pqint) were chosen

to represent four different fo levels of a speaker with a range from 65 He.

to 250 Hz.. The four Jevel-s were based on a previous analysis of a long

sample of speech by a speaker with this particular range [HaUOing-Koch,

1961, p. llo ff).5

The contours are schematj-zed in Figure 1. They range bet¡veen two poles

that may be marked 2 44 3+4 anci 2 11 1ù. Atr contours start on a fo cf
l3O Hz (tevel 2), sustained for I?0 msecs., over the first sy1table.6 Th",

then move, during 106 msecs., to one of three peaks: 130 H¿ (L, or }ow,

Ievel 2), 160 Hz. (H, or high, level 3), 2OO Hz. (S, or supêlhigh, Ievel 4).

They proceed, during 12? msecs., to one of four turning points: l-00 Hz.

fhigh level 1), 120 Hz. (Ieve1 2), 14s Hz. (]ow tevel 3), 1Bo Hz. (rrigh

leve1 3). Fina1ly, they proceed, cluri.ng 201 msecs., to one of six end*

points: 85 Hz. (level 1), l-00 Hz. [f,igh level 1), ]_20 Hz., 14S HZ.r IeO

Hz., and 22OHz. fIevel 4). Peak, turning-point and end-point are each,

sustaÍned for 32 msecs. The combinatj-on of three peaks, four turning-points

and sj-x end-poi.nts yields 72 contours, each specified by a letter and two

numbers (".S. S24, L36) and each lastj-ng 700 msecs.

The ?2 contours were reoorded on magnetic tape from the output of the

vocoder in three forms: (I) carried on a speech-wave [no.venÈf], [Z) as a
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frequency moduLated sj-ne wave, (gJ as a frequency moduJeted train of pulses.

Each set af 72 was spliced into 5 dÍfferent random orders with a five-seconcl

interval between stimuli, a ten-second pause after every tenth stimulus, and

presented to Swedish and U.S. subjects as described below.

Swedish €ub.iects. Twen ty-two graduate and undergraduate volunteers were

tested in three sessions, each lasting about forty-five mj.nutes. They listen-
ed to the tests over a loud speaker at a comfortable liatening level in a

quíet room' In a given session they heard the five test orders for one type

of stimulus only. They were divided into two groups of eleven. Both groups

heard the sine-wave stimulj- first; this was an important precaution intended

to exclude any possible influence of speech mechanj-sms on judgments of the

ñon-sF€ech stimuli. In the second and third sessions both groups made psycho-

physical or li.ngui-stic judgments on the speech stimuli, group 1 in the order
'.

psychophyslcal-linguistic, group 2 Ín the reverse order. fn the sine wave

session and in the psychophysical speech session, subjects were asked tp

listen to the final glide of each contour and judge whether it was rising or

falling. In the linguistic speech session subjects were asked to judge gach

contour as more like a question or more fike a statement. For eaeh contour,

the prcrcedure yielded 5 judgments by each subject under each condition, a

totaL of 110 judgnents in a]1.

U . S. Sub.iects . sixteen fernale undergraduate paid volunteers were divided

into two groups of eight. The procedure duplicated that folj-owed with the

Swedish subjects, except that the U.S. subjects listened to the tests over

earphones in indivídua1 booths. The output of the phones was adjusted by_

means of a calj-bration tone to be approximately ?5db SFI-. These subjects.

also made psychophysical judgments on the pulse-train stimuli; these were

counterbelanced with the sine waves in the first two sessisns before the

speech stimuli had been heard. The procedure yielded a total of B0 judgments

on each contour under eaeh condition.
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BESJULTS

No systematic differences between groups due ts the order in which they

made their judgments were observed. Data are therefore presented for the

combÈned groups throughout. Fi-gures 2 and 4 display the Ewedish data,

Figures 3 and 5 the U.S. data, ïn each figure the left column gives ttle

linguistic, the middl-e column the speech psychophysieal, and the right column

the sine wave data.6 Prr"rntages of question add statement judgments Ifin-
guisticJ or of rise and fa1l judgments (speech psychophysical and si-nç wave)

are plotted against terminaÌ glide, measurecl as rise (positive) or fall

(negative) in Hz, from turning-point to end-point. In Figures 2 and 3 para-

meters of the curves are fo values at peaks {S, H, L), displayed for the four

turni.ng-point fo values from I (top) to a (bottom).fn Figures 4 and 5 para-

meters of the curves are fo values at turning-points (1, 2, 3, 4) displayed

for the three peak fo values of S (top), H (midd1eJ, and L [OottomJ.

Linquistic ,judqments

Cross-lanquaga comÞarisons

Before considering the acoustic varlabl-es controlLing linguistic judg-

ments, we will briefly compare Swedi-sh and U.S. results. The main clrift of

the data is very similar for the two groupe. A broad description of pre-

ferred statement and question contours for both groups can be given.

$tatements. Figure 6 schematizes the most frequentJ-y preferred contours,

those obtaining 9O y'o or better agreement. For a]l- these contours, excePt two

(UtS; HtS, Swedish only), the finaL fo of the terminal glide is the lopest

f_ of the utterance. In addition, the contours display at l-east one of the0

followi.ng: terminal faII, low or middle turning pcint (1, 2, 3), Low or high

peak (t-, H). The range of preferred contours includes the 2 33 1..t and

2 22 L+ contours, suggested as typical by previous observations, but many

others are equally acceptable. For example, the superhigh peak, even when
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followed by a high [S+, US on].y) or moderate]y high [S:J turning-point, is

accepted as a statement provided the terminal fall is large enough; the

lower the turning-point [i.".the larger the fa]-l from the peak), the less

the needed termlnal fall (see 5 series, Figures 4 and S). On the other hand,

some terminally l-evel contours (HZS, HIz, L23, LI2) and even terminally

rising Þontours [HfS, Swedish only; L]3) are al-so accepted as statemehrts.

Evidently the terminal faLl is not essentiaf, if preceding sections of the

contour are low enough (t-) or are falLing from a moderate leveJ- (H).

Broadly, then, peak, turning-point and terminal- glide engage in trading

rel-ations such that the contour of an acceptabfe statement has a low to high

(rarely, and for US on1y, superhigh) peak and is, over some portion of its

l-ater course, 1ow, falling or both. [fwo anomalous series, H4 and L4, are

discussecj bel-aw under Swedish-U.5. differences. J

Sueations. Figure 6 also schematizes contours obtaining 90 /i or better

agreement orì a guestion judgment. For alL these contours, the terminal glide

1s rising and the final pitch of the glide is the highest of the utterance

(cf. trlda}l, L962, p.?80; Majewski and Btasdell, 1969). The range r:f pre-

ferred contours incl-ucles the expected continuously ri.sing 2 22 314 (l¡0,

L46) and 2 33 3f4 (H+O) of American English and the superhigh peak contour

2 44 Zt4 (SZO) of Swedish, but cther contours are afso accepted. For.

example, initj-al1y low and falling contours (tt, LZ) are heard as queslions,

if the terminal rj-se is large enough. At the same time, even a terminqlly

level- eontour [t-+S, Figures 2-5) g,]thers more than 80 y'o question judgments

from both grsups, when the preceding section af the contour has been steadi-

ly rising. In fact, this steady rise isa pec,rliarly powerful question pue

that may qui-te override a }arge terminal fal] that would otherwise cue a

statement (cf. H4, L4, cliscussed below). Again there are trading relations

among components of the contour, such that a generally accepted question

displays either a rise from peak to turning-point (H4, te, L4) and a refa-
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tively small terminal rise, or a fa1l from peak to turning-point and a

reLatively large terminal- rise.

Swedish-U.Êi. differences. As we have seen, the simiLaritj-es between

Swedish and U.S. judgments are more striking than the differences. ThB

stimulus series included a number of contours presumably unfamiliar tQ one

or other of both groups from thei-r linguistic experience. Yet both groups.'

were abfe tcl generalize such contours with more familiar patterns, classi-

fying contours with a relativel-y high overafL pitch as questíons, confours

with a reJativeLy low overall pitch as statements. Nonetheless, small sys-

tematic differences are present.

[f) n compari-son of Swedish and U.5. responses to the falling contours

of the 52, 53, 54 series (Figures 4 and 5, top left) shows that U.S. Fub-

jects tended to give more statement responses than Swedish subjects. The

effect is particularly marked for the 54 series on whj-ch Sr,vedish statement

judgments never reach 9O /o agreement: a high peak with a hi-gh turning=

point is difficult for Swedj-sh subjects to hear as a statement. This may

refl-ect the fact that Swedish statement intonation shows an earlier fall

to a low leveL after stress than does English. At the same time, it may be

taken as an indirect reflection of a Swedish preference for an tverall high

contour on questj-ons, so that utterances displayíng such a contour are

difficult to hear as statements even when completed by a low terminal faLl.

Tt is true that the 54 series, which had been expected to coflect a iarge

number of question responses due to íts overafl high Ievel, never obtai-ned

9O'/o agreement on a question judgment from either group. But a control of

these items revealed that they gave an impresslon of protest or indig-

nation rather than of questioning, probably because the l-ow precolltouat*"u

heard in oppositj-on to the rest of the utterance. A precontour on leve1 3

might have el-iminated this impression and would also have been more similar

to what actually occurs 1n $wedish questions. (cf. footnc:te ?).
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[Z) ns was remarked above, the contj-nuously rising contours [L4 and,

to some extent, L3 and H4; see Figures 2 and 3, lower ieft) were readily

accepted by both groups as questions, despj,te the fact that many of tþem

are unlikely to occur in natural speech. L4, with its low peak rising 50 Hz.

to the turning-point, ancì H4, with its high peak rising 2A Hz,, were pre-

ferred to L3 with its low peak rlsing only 15 Hz. Furthermore, H4 and'

especially, L4 elicited relatively few statement responses, even when their

terminal glides were fafling sharply. U.S. subjects identified these pon-

tours as statements even less frequently than the Swedlsh group. This may

reflect the fact that the steadily rising question contour is more widely

used in A¡neriean English than in Swedish, and so might be peculianly.dÍffi-

eult for Americans to hear as a staternent even when ccmpleted by a terrninal

faII.

In short, the differences between the two groups are small, but in di-

rections predj-ctable from linguistic analysis.

Veriables controllins linquistic .iudqmcnts.

Terminaf glide is the single most powerful determinant of linguistlc

judgrnents. None of the highly preferred question contours and few of the

highly preferued statement contours (figure 6) lack the appropriate ter-

minal rise or falL. Given a sufficiently extensive terminal- gIide, ea¡lier

sections of the contour have smal-l importance. At the same time, Figures
1..-

2-5 show that f val-ues at peak and turning-point may also play a rolp.
o

To provide a consistent crj-terion for the estimate of peak and turnlng-

poÍnt effects, the median of the response distribution for each subjeÊt on

each series was estimated. The median is the point of subjective equality,

the value of the terminal glide at which subjects identify a given cqntour

as a question or a statement 50 y'o of the tj-me. In other words, it is the

point of crossover from largely statement to largely question iudgments.
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The means of these medians, or crossover values, for the linguistic judg-

ments are plotted in Figure 7 (row n) for Swedish subjects (feft) and U.S.

subjects (riçrhtJ. In the first and third plots mean medians are graphed as

functions of peak for with turning-point fo as parameter; in the second and

fourth, they are graphed as functions of turning-point for with peak lu u"

parameter

Two cautions shouLd be observed in studying these plots. First, it shoul-d

be remembered that a median is a singLe vafue drawn from the center of its

distríbution. The relation between the medlans of two distributions dpes

not always accurately represent the rel-ations between the upper and lpwer

taiLs of those dlstributions. As long as twc¡ curves on any plot of Figures

2 to 5 are roughly parallel, the ciifference between their medj-ans wiII give

a reasonabfe estimate of thej-r separatlon along the terminal glide axis.

Where there are severe departures from the paral1el, the appropriate plots

of Figure 7 and of Figures 2 to 5 should be carefully read in conjunction.

Second, it should be remembered that the mean of the medians of several

distributions is not necessarily equal to the median of the combined distrÍ-

bution. Sj-nce the values of Figure 7 are the means of subject medj-ans,. they

do not always agree exactly with the group median val-ues read frcm Figures

2 to 5. .

r#ith these precautions i-n mind we return to row A of Figure ?.If the

direction of the termina] glide were the sole determinant of linguistic
;

judgments, we would expect afl crossover values to fall- at zer:, the |evel

of the dashed horizontal lj"nes across Figure 7. In fact, crossover values

deviate considerably frorn ze?oa both the clirection and the extent of lheir

deviation vary with peak and turning-point.

The peak effect (plots 1 and S) is the smalfer. For neither Swedish nor

U.5. subiects does a change of peak fo from 13O Hz. to 160 Hz, (from L Èo H)

have any consistent, significant effect. But a change from 160 Hz. to 200 Hz.
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ffrom H to S) Ooes reliab]y reduce the crossover value for all contours,

except that having a turning-point at 180 Hz. for the U.S. group. (fnis

reversal is probably not re1iable, as study of the bottom left plot of
.-:.

Figure 3 will suggest). These effects are statistically significant by

matched pair t-tests bebween medians for turnj.ng-points 1, 2 and 3 in both

groups (p < .05). They may be clearly seen 1n the left col-umns of Figures

2 and 3. Beading down the col-umns we note the leftward separation of the

S curves. The separation is reduced for turni-ng-point 3 and gives place to

the L curve, with its steadily rising contour, for turning-point 4. We may

also note that, as the terminal- rise increases, the peak effect in thp

upper three plots disappears. In short, if the turning-point is at a low

to middle f_ and the terminal rise is slight, a very high (]evel 4) peak ato-',
the stress leads to a significant increase in the number of questions, heard

and, by corollary, to a sj-gnificant deerease in the number of statements.

The turning-poi-nt effect (plots 2 and 4 of Figure ?) is both larger and

more consistent than the peak effect. For al-1 values of peak for an increase

in turning-point fo is associated with a decrease in crossover value.'The

decrease is significant by matched pair t-tests beùween medians (p < ,05)

for al-} turning-point shifts, except those from LOO to 120 Hz. for the

Ëwedish S, H, and L curves and for the rJ.S. S and H curves, The effect is

also considerably reduced, if the contour has a peak at 2OO Hz. (Sl. (See

top left plots of Figures 4 and 5). This again suggests that the high peak

alone is a powerful quesl-ion cue for both language groups.

Psvchoohvsical'iudoments

toeech waves

Psychophysical judgments of the speech wave terminal glides differ from

and resemble linguistic judgments of the entire utterance in important ways.

The main difference may be seen in the center columns of Figures 2 and 3:
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the effect of the high peak is absent from the Swedi-sh data and mucfr rä-

duced in the U.S. data. The main similarity may be seen j-n the centen

columns of Figures 4 and 5: the turning-point effect is present and even

more pronounced than in the linguistic judgments

Figure ? (row BJ summarizes the data. The peak effects (plots 1 and 3)

are inconsistent. An increase in peak fo from l-30 Hz. (t-) to 16O Hz. (H)

yields in every instance, except the high turning-poj-nt series for Srryedish

subjects, an increase rather than a decrease j-n the crossover value qf the

terrnlnal rise. Two of these increases (for turning-points I and z) are

significant for both groups (p < .O5 by a matched pair t-test between

medians). On the other hand, an increase of peak fo from 160 Hz to 2AO Hz,

yields, for the Swedish subjects, two lncreases, two decreases, neither of

them significant. The absence of a consistent peak effect for the Swedish

subjects is evj-dent in the middle col-umn of Figure 2. Far the U.S, subjsctsr

the pÍcture is somewhat different: crossover val"ues decrease from H to S

for turning-points 1, 2 and 3 and increase for turnj-ng-poj-nt 4, exactly as

in the linguistic data. The effects are reduced and statistically signifi-

cant only for turning-point 2. But a trend is present and quite evident in

the middle eolumn of Figure 3.

The turning-point effectn on the other hand Icenter co]-umns of Figures 4

and 5; plots 2 and 4, row B of Figure Z) is simiLar to and €Ven ffiore prtr-

nounced than the correspondJ"ng effect in the semantic data. Al-t shifts. are

significant by matched paír t-tests [p<.05), except that from turning-

point I to 2 in the Swedish L series. For both groups, the higlrer the tur-

ning-point, the smaLler the terminal rise need"O ,or a rise to be consl-

stently heard The simil-arity to the linguistic resuLts is most marked for

the H and the L series (seconO and third rows, Figures 4 and 5): Ha and L4

are again anomalous series, readi-ly heard as rising even when the terminal

glide is falling. In the S series the turning-point effect is even more

pronouneed than for the linguistic judgments.
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6ine waves

From the steepened functions of Figures 2 to 5 (right-hand columns) it

is evident that subjects were ún better agreement on their sine wave than

on their speech psychophysi-cal or. linguistic judgments. The two language

groups are also in close agreement, which gj-ves some confidence that the

differences between their linguistic judgments are re1iable.

Figures 2 and 3 {right-hand eolumns) show that the effect of the high

peak is absent. As in the speech psychophysical data, low peak contours

tend to be the most accurately judged, particularly by the Swedish. But

the effects are nej-ther fully consistent nor statistically significant

(see plots 1 and 3, row C, Figure 7).

On the other hand, the turning-poj.nt effects (plots 2 and 4, row C,

Figure ?) are elear, similar to those observed in the linguistic and

speech psychophysical data, but csnsiderably reduced. The effects are sig-

nificant by matched pair t-tests (p < .OS) for all turning-point shifts

except those from 100 Hz. to 120 Hz. for the S and H curves in both groups,

and may be seen in the right-hand columns of Figures 4 and 5. Note that H4

and L4 are no longer anomalous series.

DÏSCUS$ION

Cross-lanquaqe comoarisons

There are strj.king similarj,ties between Swedish and U.Ë. judgments of

these intonation contours. Despite small, linguistically predictable

differences, both groups tend to classj-fy oontours with a high peak or

terminal rise as questions, contours with a low peak or terminal fall as

statements. Hermann (fS+Z) has pointed out the generality acrass languages,

including SwedÍ.sh, of a high pitch for questions (see also Hadding-Koch,

1961, especi-ally pp, 119 ff.J.Bo1inger (fSe+), among 'others, has discussed
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the apparently "universal- tendency" to use a raised tone to indieate

points of "interest" within utterances and al-so to indicate that more i.s

ts foLlow, as in questions [cf. Hadding-Koch, ]965J. The data of this

experiment are consistent with these "universal tendencies". 
I

Perceptuaf relations within a contour

We are now in a position to resofve some of the uncertainties left by

our previous study. üonsíder, first, the turning-point effect. Since this

is present and significant under al-l three experimental condltions, we

must assign it auditory status and assume that it takes linguistic effect

indirectly by altering subjects' perceptions of the terminal g11de. Further-

more, since it is present, even though reduced, in the sine wave data, our

account of the process by which it affects perception of the terrninal glide

cannot invoke speciali-zed mechanisms peculiar to speech.

lVe may gather some idea of the proces.s from a study of plots 2 and 4 in

row B, Figure 7 or of the center plots in Figures 4 and 5. The terminäI

glide of a contour, such as H1, with a strong fal] from peak to turning-

point (fOO nz, to lOO Hz. ) requires a terminal- rise of about 50 Hz. if it

is to be judged 5O y'" of the time as rising; while the terminal glide qf a

contour, such as H4, with a steady rise for more than 200 msecs before the

terminal glide, is heerd as rising 5O'/o of the time, even when the glide is

falling by about 50 Hz. Evidentfy listeners have difficulty in separating

the terminal glide from earlier sections of the contour, if those earlier

sections have a marked movement. The terminaL glides of contours with a

turning-point [J45Hz. in 53,H3, L3J close to the precontour level of

130 Hz. are more accurately perceived: the rnedian values are close to zero

in every plot of Figure 7, columns 2 and 4. Lj-steners are perhaps able to

average across earlier sections of such contours, and establish an anchor

against which terminal glide may be judged.
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Alt this impli-es that Ìater sections of the contours in this study

(ttrat i-s, roughly the last 400 msecs., from peak to turning-point to end

point) were processed by Listeners as a single unit, with attention fo-

cussed on the terminal glide. If a listener was abl-e tc separate the glide

perceptualJ-y from the immediately preceding section (as in the 53, H3' L3

seriesJ, his linguj-stic judgments followed pretty we]} the traditi-onal for-

mulation of r.ise for questions, fall for statements. If he vvas not able to

separate the glide, due to the difficulty-heightened perhaþs for a complex

signal- of trackíng a rapidly modulated frequency, relatively gross move-

ments of the termina] glide were necessary for him to be sure whether he

had heard a rise or a fall, a question or a statement.

Interpretation of the peak effect is more dlfficul-t. In our earlier

study, the effect was clear in both Ìinguistic and psychcrphysical- judgments

of both groups, thouqh the Swedish were l-ess consistent in their psycho-

physical judgments than the Americans. In this study, a peak effect is sig-

nificantly present in linguistic judgments, totally absent from síne-wave

judgments and, for speech psychophysical judgments, marginally present on-

Iy for the Americans.

t¡rle will conslder the speech psychophysical data below. Here, the impor-

tant point is that the peak effect is reLiably present in the linguistic,

but absent from the sine-wave judgments. lVe may therefore, with reasonable

certainty, reject an auditory (or psychophysical) account, and assign a

direct linguistic functÍon to the peak. Unlike turning-point variations,

peak vari-ations do not take linguistic effect by altering listeners' per-

ceptions of the terminal g1ide, Rather, the peak is a distinct element to

be weighed with the perceived terminal glide in determining the linguistic

outcome.

We should note, in caution, that peak and terminal glide are not always

simply addj-tive in their effects. For example, a contour with a steady
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rise from precontour to endpoint may require a reLatively small terminaf

rise to be heard as a question, despj-te its low peak (e.g. L3 séries). Here,

it seems to be the overall sweep of the pattern that determines the judgment

rather than the frequency levels of particular segments of the contour.

However, with few exceptions, two factors wouLd seem to govern linguistic

judgments of intonatíon contours, such as those of this study: fundamental

frequency at the peak and perceived termÍnal g1ide. The entire contour is

then interpreted as a unit with these factors in wei-ghted combination, and

with the heavier weight being assigned to the terminal glide. If a terminal

fall is heard, the l-istener interprets the utterance as a statement, unless

the falt was sli-ght and he has also heard a very high peak; if a terminal

rise is heard, the l-istener interprets the utterance as a questJ-on, unless

the rise was slight and he has also hearci an unusually 1ow peak [ef. Green-

berg, 1969, Ch, 2; Ohala, Lg?D, pp. 101 ff.J.

Audi-torv-linqui-stic interacti-sns

We turn, finally, to the speech psychophysical data. Our problem is to

understand the instances in which speech psychophysical- judgments foLlow

the linguistic more closely than the sine-wave judgments. Obviously, these

instances can only occur where linguistic judgments of the entire contour

differ from audj-tory judgments of the terminal sine-wave glider that is'

where the contour carries some linguistically relevant cue other than ter-

md.nal g]ide. For questions, such cues lncLude a super-high peak or a mono-

tonic rise from precontour ta turning-point. Accordingly we find a tendency

for speech psychophysical judgments to foll-ow linguistic judgments in the

superhigh (S) peaf< series [see Figure 3) and in the high turning-point

series Isee Figures4and 5J. Consider, particularly, the resufts for speech

contours of the H4 ancj L4 series. Llsteners in both groups often judge these

contours both as questions and as terminally rising, even though they are
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able to hear that the corresponding sine-wave contours have terminal

falls, Since listeners cannot have judged the contours to be questions

because they heard a termj.nal riser we are tempted to conclude that they

heard the terminal rise because they juclged the contours to be questions:

Iinguistlc decision determined audi-tory shape.

Before el-aborating on this, it is important to remark that such effects

do not always occur where they might be expected. For example, the peak

effect was clearly present in the speech psychophysi-caL judgments of both

groups in our earLier study, but is reduced to a marginal effect in the

American and has disappeared entirely from the Swedish speech psychophysi-

cal data of the present s,tudy. ü/e can hardly therefore calf on the effect

to support a general- account in terms of some specialized perceptual

mechanism, such as that prcposed by Lieberman (196?). At the same time,

the results are evidently peculiar to speech and cannot be handled in

purely auditory terms, lVhat we need therefore i.s an account in terms of

a process that may vary with experimental conditions and subjects.

An interesting hypothesis, suggested above, is that the results reflect

the blend of serial and parallel processing that characterizes the percep-

tion of spoken language Iand of other complex cognitj-ve objects) (.f, Fty,

1956; Chistovich, et al., 1968; Studdert-Kennedy, in pressJ. üúe may con-

cei-ve the perceptual process as dj,vided into stages (auditory, phonetÍc,

phonological, etc.), but we must also suppose there to be feedbaek from

higher to lower levels which may serve to correct or verify earJ-ier de-

cisions. Perceptual "correction" of an auditory or phoneti-c decision, in

light of a higher }inguistic decision, wiÌl presumably not occur if the

lower decision is fÍrm.Otherwise, we would not be abl-e to deem the into-

nation of an actor "wrong", or understand a speaker, yet perceive his

dialect to be unfamiliar. However, in difficult listening conditions and



20

under certain, as yet undefined, acoustif! conditionst pÊreeptual "correc-

tion," sufficient to produce a compel-ling phonetic illusi-onr may occur

(Ni1ler, 1956). Warren IfSZO; Warren and Obusek, f971) has shown that

listeners may clearly perceive a phonetj-c segment that has been excised

from a recorded utterance and replaced by an extraneous sound [eough, buzz,

tone) of the same duration. The important point is that listeners perceive

the correct segment: the precise form of the phonetic illusion is deter-

mined not by the acou stic conditions alone, but also by higher order

lingui-stic eonstraints.

Here, the illusion is auditory rather than phonetie, but a similar

mechanisrn may be at work. Asked to interrupt his normal perceptual process

at a pre-phonetic auditory stage, the listener fall-s back on his knowledge

of the language. As we have seen, the single most powerful cue for question/

statement judgments in this experiment was the terminal glide' Listeners

evidently prefer, and presumably expect, a question to end with a rise, a

statement wÍth a falf (see Figure 6).However, earlier sections of the

csntour may also enter into the decision, and, if sufficÍentIy marked,

override an incompatible, but relatively weak terminal- glide. called upon

to judge this gIide, the listener then assigne it a value consonant with

hls linguistic decision. That is to say, if other factors dominate his

linguistic decision, he may be lecl into non-veridical perception of the

terminal glide.

The degree to which this happens might be expected to vary with the

relative strength of the cues controlling línguistic deeisÍon. And in fact,

just as the peak effect in the linguistic data was stronger for our first

study than for our second, so too was the peak effect in the speech psycho-

physieal data. similarlyr iust as the question cue in the rising contours

or the H4 and L4 series is stronger for the Americans than for the Swedish'
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so too is the tendency toward non-veridical judgment of the termj-naI gIide.

However, we should not expect to be able to develop a fully coherent

account of our results i-n these terms, since we are ignorant of the limi-

ting linguistic and acouetj-c conditions of the illusion. tlüe are currently

planning to broaden our understanding of the effect by taking advantage of

what is known about the verious aeoustic cues to word stress [F"y, ].955,

Ig58). tfile might expect, for example, that, if linguistic decision can indeed

determine auditory shape, syl]ables of equal duratÍon, judged to be diffe-

rently stressed on the basis of differences in elther intensity or fundamen-

tal frequency, would also be judged of unequal length, The ultimate interest

of the account is in its suggestion that the auditory leve1 1s not indepen-

dent of higher levels, but is an integral part of the process by which we

construct our perceptions of spoken language.
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FOOTNOTES

1, The acoustj-c eorrelates of intonation are said to be changes in one or

more of three variables: fundamental frequency, intensity and durati.on,

with variations in fundamental frequency over time belng the strongest

si-ngle cue (Bolinger, 1958; Denes, 1959; Fry, 1968; Lieberman, in press;

Lehiste, 1970). The present study is concerned with only one of these

variables, fundamental frequency, and the term "intonation eontour' re-

fers exclusively to contours of fundemental frequency.

2. Many workers who have reported, for various languages, that the same

intonation is used in questions as in statements, seem to have been

anxious to exclude all emotional- "overtones" and therefore told their

subjects to speak in a neutral voice. The result is that, in the absence

of grammatical Q-markers, utterances sound like statements. A "neutral".

intonation is not enough to convey, as sole cue, the impression of a

question. If a question is asked merely for form's sake, with no parti-

cuLar interest in the answer, no difference in intonation-r" ao be ex-

pected from that of a statement

3.. We write two numerals at the stress and one at the turning-point, even

though they may be on the same "level" (intonation level, fo level),

[Og Haouing-Koch, 196]; Delattre, ]963; Hockett, 1955).

4. Compare the similar difference in i.ntonation contours for French sugges-

ted by LÉon, 1971.

5. One of the contentions of that study, based on a number of utterances in

continuous speech by several- Swedish subjects, was that every speaker

has, in addition to a general speaki-ng range, clusters of "favorite

pj.tches" which he uses, for instance, on stressed segments of statements

(represented by the H-peak in the present study), and a higher level
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which he uses for questions and various expressions of "interest" fhere

represented by level 4; see Hadding-Koch, 1961; cf. also Bôlinger, 1964).

Statements were found in that study to end on a low Ieve1, hesitant

or exclarnatory utterarces higher up. Questions tended to have a terminal

rise, usually from Ievel 2, or a fall ending comparatively high. Suestions

were also generalÌy spoken with an overall high fo compared to statements,

a phenomenon that, according to the llterature, Bccurs in many languages

(Herman, l.942; Bolinger, 1964). The contour then often started high.

Polite or friendly statements too might end with a final rise, but from

a eomparatively 1ow level and wj-th a moderate range (cf. UIdalI, 1962).

6. Judgments of the modulated sine-waves and pulse trains by U.S. subjects

were essentially j-dentj-cal. Aecordingly, only sine-wave data ere presen-

ted here.

7, We should probably have included a higher precontour, on level 3, to

cover the question contours properly, since the large rise to the

highest peak (from level 2 to leve1 4J gave sc.rme cüntours an unwanted

and perhaps domi-nating effect of protest rather than question (cf. foot-

note 5). However, this would have meant a substantlal increase in an

already lengthy test.
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SOME OBSERVATIONS ON SUPRAGLOTTAL ATR PRESSURE

Anders Löfqvist

This ís a preliminary report of some work in progress on supraglottal air

pressure during speech production, It presents data on peak presqure, rise

time, pressure decay and duration of oral closure for Swedish stops pro-

nounced under different stress condj-tions in different positions. Only one

speaker has been investigated. The study should be considered explorative

and is intended to serve as a base for further researeh.

METHOD

The air pressure was measured with a differential pressure transducer EMT 33,

A plastic tube with an inner diameter of 1,9 mm and 20 cm long was fitted

to the transducer and introduced into the oropharynx through the nose and

held in the same position during the recordings. This arrangement was chosen

because it was felt to minimize interference with articulation and also be-

cause it made possible the study of velar sounds. ft is possible, however,

that the position of the tube with the plane of the opening perpendicular

to the air fLow might give spurÍous recordings due to stagnetion pressures

as poÍnted out by Hardy ( 1SOS). Although one might argue that the air flow

for the sour:'ls studied, stops, is minimar except at the release, the possi-

bility shoL¡Xd be kept in mind in interpretÍng the data. ::

No critical resonances were found .in the recording system andJhe frequen*

cy rBêp.oris¡e was judged sufficient for the purpose of the study. For a detailed

technÍcal discussion of pressure recordings, see Fry (tg6O). During the re-

cording sessions it was sometimes necessary to blow air through the tube to
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expel mucous. By using the same carrier sentence in al-1 the recordings it

was possible to check the recording system to ensure that its damping re-

maÍned the same. The output from the tránsducer was amplified by an elec-

tromanometer EMT 31 and recorded on a Mingograph together with the speech

signal; a tape recording was símultaneously made of the speech for acoustic

analysis.

The pressure recording system was calibrated with a water manometer and

all pressure measurements are given in mm of HrO' rn measuring the pressure

for the voiced plosives the pressure trace with the oscillations due to

vocal fold activity was bisected ancJ the pressure at the midline wã5 m€45-

ured.

The following measurements were made:

Peak oressur this was measured from the peak of the pres.sure curve to

the base lÍne.

Bise tim in the litterature one fínds several ways of measuring rise time'

fn the present study three methods have been used. The first one follows

Lisker I fSZO) and rj-se time is defined as "the duration of the-år+terval

during which pressure builds up to its peak value". In the secondÊaee rlsetirre

was defined according to Subtelny et al, (fSOO): I'Rise time was defined as

the interval between initiation of pressure elevation and the ear:liest point

at which a relatively stable elevated oral pressure was attained.'r The third

measure of rise time r,vas taken from Fischer-J/rgensen ( 1969) and-'i.s the in-

terval during which pressure builds up to 85 y'o of its peak value.

Pressure decav ¡ this was taken as the interval between the point where the

pressure started to fall rapidly and the first point at which supraglottal

pressure returned to base pressure.

Duration of oral closure¡ the duration of the oral closure was taken as the

interval between initial pressure elevation and the poínt at which supra-
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glottal pressure started to faIl rapidly. This measure only gives an ap-

proximate indication of the duration of the oral closure because the pres-

sure presumably begins to rise before complete closure is attairnåd. More

reliable data on the duration of oral closure can be obtained frr:m air

flow traces or by special techniques as described by Karlsson and Nord

Itszo) and slÍs (fszrJ.

MATERÏAL

The speech material consisted of nonsense words containing different plos-

ives in dífferent positione under dífferent stress conditíons. The words

were:

1. f Ca:t, where C1= CZ= /p, t, k, b, d, g/;

2. CarCû.:, with the same consonants as above and stress on the last syl-

lable;

3, tClcCan, with consonants as before and stress on the first syllable;

the word had the acute tonal accent or accent ',l, in the foÏlówing de-

noted by '¡

4. r6ã:Can, with coneonants as before and stress on the first syltable;

the word had the gfave tonal accent or accent 2, in the folluw'ing de-

noted by '.

The u¡ords were placed in the carrier phrase'rJa sa... igen" [I said

.. ! again) except for the words of type 1 which were pronounced in the

phrase "Ja sa ... " and thus occured in sentence final posj-tion.

A Swedish male speaker - with a dialect of Southwestern Swedish (Vast-

götska) - pronounced all the words 12 times. The speaker was told to

use the same intensity and speech rate during all the utterances; Diffe¡r

ences in intensity and speech rate might contribute to variations in the

data as they have been shown to affect supraglottal air pressure, cf. Sub-

telny et al. (lsoo), Arkebauer et al. IISOZ).
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Earlier investigations of the same parameters for the same class of sounds

from other languages do not show a complete agreement in their results. The

variations might be due to differences in the composition of the materialt

differences in intensity and speech rate and also reflect differences be-

tween different languages. Even if the same language has been studied there

are some variations between different investigations. This is evident from

the table below where mean values have been calculated of peak pressure for

Am. English stops taken from different investigations. The studies whieh

have been used for the calculations are Subtelny et al, I1SOO), Arkebauer

et al. (fgOZ), Ma1écot (f9ee), and Lisker ItgZOJ. Values are given in mm

of HrO.

initial

ptk bdg

?5 62

medial

Subtelny et al.

Arkebauer et al.

Malêcot

67

c,v 93

CV ?2

ÊôJ/

30

69 VCIV

60 'VGV

53 VCIV

I VCV

bdg

53

40

65 IVC

34 VC

61

36

final

ptk bdg

65 30

63 26

57 31

57 31

47 15

ptk

?a

B3

91

83

6B

?1

Lisker

We see that there are not only absolute differences but also differences

between the relative values for the two categories of stops i-n different

positÍons. The tendency seems to be that the voiceless plosives have higher

peak pressure than their voiced counterparts, With regard to position the

voiceless plosi-ves have the highest pressure in initial positionr lower

pressure in medial position and the lowest pressure in final position. The

voi-ced plosives tend to have the highest pressure in initial posltiont

lower pressure medially and lowest in fína1 position.
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For the three other parameters I will not make any survey of earlier

investigations at this point, as they are etomewhat difficult to compare.

I will make some comparisons and further comments below when .1 present my

own results.

RESULTS AND DTSOUg$ION

As the material processed as yet is rather limited and explorative in na-

turs data w111 only be given as frequency distributions and mean values.

No further statisti-ca1 discussj-on will be presented. Measurements are made

ín HrO for pressure and in msec. for duration.

All the examples of the voiced ploslves /ndg/ in the study were pronounced

with vibrations of the vocal folds as can be seen from the oscitråograms. In

the fol1owÍng discussion the terms voi-ced and unvoiced thus refer to two

classes of speech sounds differentlated by their respective mode of glottal

aetivity.

Peak pressure

Diagrams of peak pressure variations are presented in Fig. 1-2 and mean

values are summarized in Table I.

Table I. Mean peak pressure in mm of Hr0.

I CV¡

CV

ïnitial
ptk bdg

72 47

69 48

VI CV:

I \?: CV

rV:CV

Medial

ptk bdg

73 43

73 35

æ28

Final
ptk bds

59 32
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From Table I the followj_ng conclusions can be drawn.

Voiceless plosives have higher supraglottal pressure than their voiced

counterparts. This is clear in all positions and from Fig. 1 and 2 we see

that there is some overlappi-ng between the values for peak pressure for

the two sets of plosives only in initial position.

The stress affeets supraglottal pressure. The voiceless plosives have

higher peak pressure j-n stressed than in unstressed syllables. The only ex-

ception to this is the medial unstressed plosive in words with tonal accent

'! where the pressure i_s as high as in a streesed syltabl-e.

The voiced plosives show almost the same influence of stress upon peak

pressure but in initial position the peak pressure is almost the same ir-
respective of stress.

If we look at the effects of position upon supraglottal pressure we see

in Table T that the voiceless plosives have their highest pressure in me-

dial position and the lowest pressure in final posi-tion. The difference

between the peak pressure in initial and medial stressed syllable is very

smalL however¡ and we can also see thet the tonal accent of the word affects

the peak pressure of the medial unstressed plosj-ves.

The voiced plosíves have highest pressure initially and lowest pressure

in medial position. It isr however, difficult to draw any firm conclusions

of the effect of position upon peak pressure a.s ít is obviously intercon-

nected with the effects of stress and tonal word accent.

An interesting fact is the difference we find in Table I between the me-

dial plosives in words with tonal accent 1 and the same plosives in words

with tonal accent 2: the medial plosive has higher pressure if the word

has tonal accent 1 than if it has tonal accent 2. Far the inÍtial stops

the tonal accent of the word has no influence on peak pressure.

The most obvious clj-fference between the two sets of plclsive that could

explain the higher supraglottal pressure for the voiceless ones is the
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glottal activity; vibrations for the voiced set and no vibrations for the

unvoiced set. The glottal resistance is higher when the glottis is in a

voiced position. The increased glottal resistanee for the voiced plosives

as compared to the unvoiced reduces the air flow through the glottis and

prevents the supraglottal pressure to reach the same level for the two sets

of soundsr cf. Fj-scher-J/rgensen ( lSeAJ.

Besides the differenee in glottal resistance there might also be differ-

ent articulatory adjustments during the production of voj-ced and voiceless

plosives. If the vocal cords are to vibrate there must exist a pressure

drop across the glottis. When the vocal tract j-s obstructed in the oral

eavity as is the case during the production of stops, the pressure drop

would tend to dininish and the vocal folds would cease to vibrate. In order

to maintain the pressure drop during the closure of a voiced plosive vari-

ous mechanisms have been proposedr cf. Bothenberg I tgAg) for a discussion

and aLso Hudgine and stetson ( tsas), Perkell ( tsoeJ, Kent and Mo}l I tgosJ,

Bertl (tslt).

The mechanisms suggested are incomplete velopharyngeal closure, passive

expansion of the supraglottal cavities and active expansion of the same

cavities. Whether any of these mechanisms is actually used is not cornplete-

}y known at present but they would atl eFfect supraglottal air pressure and

tend to reduce it. That supraglottal pressure is higher in streF-sed than

in unstressed syllabIes can be a result of the increase in subglottal pres-

sure that has been shown to take place ín a stressed eyllab1e [tadefoged

1e6?).

The relationship between tonal accent and supraglottal air pressure is

suitable for further investigations which also should include recordings of

subglottel pressure. The problem of the Swedish word accent has not yet

been covered in aII its aspects. There is a general agreement that varla-
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tions in the fundamental frequency are important for the aecent distinction,

cf . Malmberg ( 1gæ), Hadding-Koch ( tgoz) , öhman I rsoe), Gårding ( tgZo) ,

Johansson ( tszo). ---;

Besides the FO variations, which according to Malmberg are the most impor-

tant perceptual eues, there are also differences of duration and intensity.

The pattern of the variations in fundamental frequency differs between vari-

ous dialects. For the epeaker investigated FO and intensity curves for the

two tonal accents are given in Fig. 3. In the stressed syllabte the FO shows

a fall in words with tonal aceent 1 and has a rising-falling pattern in

tonal accent 2. The second, unstressed, syltable has a rise in the funda-

mental frequency for the two tonal accents.

The observed differences in supraglottal pressure to some extent reflect

differences 1n subglottal pressure. During the closure cf a voiceless plo-

sive the subglottal and supraglottal pressures are almost equalr cf. Netsell

( tgeg), scutly ( tsog), Ladefogeu ( tsoz, 1968J.

We do not find any striking differences between the FO and i.ntensity

curves for the second, unstressed, vowel j-n words with tonal aceent 'l as

compared with the same parameters for the same vowel in words with tonel

accent 2. The fundarnental frequency shows the same rising pattern. There

is a small difference in FO at the beginning of the second vowel: here FO

is approximately 5 Hz higher in worcis with tonal accent 1 than in words

with tonal accent 2. This difference might be caused by the higher pressure

but variations in the fundamental frequency depend both upon subgrlottal

pressure and laryngeal adjustments,ef. 0ha1a (1SZOJ.

Further work on this problem shoulcl include material from several dialects

in order to find out whether the mentioned differences are systematic or

acci-dental and confined to the speaker i-nvestigated.
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Rise time

Fig. 4 and 5 give some representative examples of supraglottal aÍr pressure

eurves for unvoiced and voiced plosives. During the production of an un-

voiced plosive the air pressure rises quickly untit it attains a plateau

where it stays more or less stable untíl the release when it drops rapidty;

ít ís, however, not always the case that the pressure stays at the same

Ievel after the plateau has been attained: it might as well continue to rise
until the release.

The pressure curve for a voiced plosive most often show a continuous rise
during the whole closure period. Sometimes some fluctuations up and down

can be seen during the rise, cf . also Fig. ,10.

Table II gives mean values of rise time defined as the 1nterval during

which pressure builds up to its peak value; frequency distributions for
the same measure are given in Fig. 6 and ?.

Table II. Mean duratíon of the interval rluring which pressure builds up to

its peak value. Msec.

I CV:

initial
ptk bds

1æ 130

135 134

medial

ptk bdg

24 101

final
ptk bdg

203 155V'CV:

I \7: CV

'V: CV

166

196

101

117

CV

We see from Table II that rise time is shorter for the voiced than for the

unvoiced plosives. The only exception is in medial stressed positÍon.

The effects of stress and position are not quite clear. Ríse time is,
however, longest in final posÍtion, and shortest in medial position.

Bise time for the medial plosives also tend to be shorter if the word has

tonal accent 1 than if it has tonal accent 2.

The shorter rise time for the voiced plosives obvi-ously reflects the dif-
ference in the shape of the pressure curve and also the shorter duration of
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the closure for a voiced plosive as compared to a voiceless plosive.

Table IIT presents mean durati-on of the interval between the initiation
of pressure elevation and the earliest point at which a relatively stabLe

elevated pressure is attained. 0n1y data for the voiceless plosirr"= ur"
given as the voiced plosives do not consistently show any period of stable

elevated pressurer

Table III. Mean duration of the interval between the inítiation of pressure

elevation and the earli_est,Fcint at which a relatively stable

elevated pressure is attained. Msee.

initial medial final
ptk ptk ptk

rCV: 50 V'CV: 48 41

CV 50 'V:CV 46

|V:CV 46

Evidently the point of stable elevated pressure is attained in about the

same time i-rrespective of stress and posi-tion. This reflects the very quick

initial pressure rise for an unvoieed plosive. _j

Fig. B and g and Table IV present data on rise time taken as the duration

of the intervat during which pressure builds up to 85 /, of its peak value.

Table IV. Mean duration of the interval during which pr€ssure buiJ.ds up to

85 ./" of its peak value. Msec.

ICV:

i¡ritial
ptk bdu

57 112

medial

ptk bdg

V|CV: 3? 81

'V: CV 39 83

rV: CV 86 91

final
ptk bds

65 136

CV 46 119
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With this measure of rise time we see that the unvoiced plosives have

shorter rise time than the voiced ones,

The effects of stress, position and tonal accent interact.., The tendency

seems to be that rise time is shorter in stressed than in unstressed posi-

tion. This holds for the voiced plosives but not completely for the un-

voiced as in initial position rise tíme is shorter for the unstressed than

for the stressed unvoj-ced plosive.

Ïn final position we find the longest rise time, Ín media] position the

shortest.

The tonal aceent of the word also affects the rise time: it is shorter for
the medial plosive if the word has tonal accent 1 than if it has tonal ac_

cent 2.

The different measures of rise time give different results and which one

that should be prel"erred depends pn the aim of the study. It seems that the

last one given gi-ves the intuitively correct result as j-t takes into ac-

count the i¡ritial quick pressure rise that occurs for the unvoiced plosives.

This is ignored by the first measure of; ri-se iine used above,

Two more comments will be made on the shape of the pressure curve. rn

the material investigated there are some cases of unvoiced plosivea where

peak pressurs ís attained irnmediately after the initial rise and where the

supraglottal pressure stays at the peak leve1 duríng the whole closure. This

only occurs for /pl ano /t/, never far /kl. It happens most often in medial

stressed syllable where it is the case 11 out of 12 times for /p/ and 10

out of 12 times for ftf,
Ïf we want to explain the differenees in the shape of the pressure curve, -

cf' FÍ9. 1O for some more examples of traces for voiced plosives -,we will
have to take into account the difference in glottal activity, possible vari-
ations in the volume of the supraglottal cavities and subglottal activity.,
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As to subglottal activity the studies of Ladefoged ( 196?, 1968) do not

permit us to draw any conclusions whether the respiratory system actually

increases the subglottal pressure in the produetion of a voicel-ess plosive'

The rise in supraglottal pressure towards the end r¡f the occlusion for

unvoÍced plosives could perhaps be explained in this way; see al-so Rothen-

Oerg (1968) fr:r a discussion of this point and Sears and N.ewsom Davis I teOa),

Campbell, Agostini and Newsom Davis ItgZO) for relevant material on the

functj-oning of the respiratory system.

In connection with Fig. 1CI it shcruld also be pointed out that the drop in

supraglottal pressure that occurs at the beginning of the oral closure for

/g/ it very systematic for the speaker investigated and has also been noted

for other speaker5.

Pregaure decay

-

Mean values of pressure decay are given in Table V and frequency distribu-

tions of the data in Fig. 11.

Table V. Mean pressure decay. Msec.

I CV:

initial
ptk bdg

5? 19

62 22

medial

ptk bdg

63 20

22 21

23 22

final
ptk

2t2

bds

29

CV

VI CV:

I \?: CV

'V: CV

From Table V we see that the decay is rapid for the voiced plosÍves irre-

spective of stress and Position.

The voiceless plosives have a rather slow decay in initial position, in

medial stressed position, and in final posítion. In the other posÍtions the

decay time for the unvoiced plosives is as rapid as that fcr a voj-ced plosive.
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The tonal accent of the word has no noticeable influence upon pressure

decay.

The results Ín Table V agree well- with those found for English by Lisker

I tgzo). ,:

The measure of pressure decay that has been used is not the same as

I'aspirati-on" or the "voicing 1ag" of Lisker and Abramson ( €64) because the

vocal folds start to vibrate before the pressure has reached the base pres-

sure. Ït is, however, of the same dimension as the status of the glottl,s

seems to be critical for it. If the glottis is open air cen flow up through

it and keep the supraglottal air pressure at a high leve}.

If on the other hand glottis is in a voiced position and the glottal

resistance is high the air flow through the glottis will be minLr¡al and

the supraglottal pressure will decay at a rapid rate, cf. Fant ( 1SOO) p.

272 ff,

Pressure decay might also be influenced by the supraglottal resistance

at the place of articulation. DurLng the closure this resistance is infinite

and at the release it drops abruptly. The speed with which the supraglottal

resistance falls will reflect the speed of the articulators and:this might

be reflected in the decay of the supraglottal pressure. Keeping other fac-

tors constant one mÍght assume that the decay will be proportíonal

to the rate with which the articulatory resistance falIs, ..¿-éJ

Ïn further studies of the interaction of glottal resistance and supre-

glottal resj-stance andtheireffeote on pressure decay the findings of Vencov

I tmg) should be taken lnto account.
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Duration of oral closure

Data on the duration of oral closure are presented in Fig. 12 and 13 and

also in Table VÏ.

Table VI, Mean duration of oral closure'

initial
ptk bds

182 137

190 141

Msec.

medial

ptk bds

11A. 106

191 108

223 123

final
ptk bdg

283 164I CV¡

CV

VICV:

'V: CV

,V:CV

we see that the closure pariod is longer for the unvoiced than for the

voiced plosives.

closure dura.tion also seems to be shorter in a stressed than in an un-

stressed syllable.

For the voiced plosives we fÍnd that the closure is ehortest in medial

posÍtion¡ it is a little longer in initial position and longest in final

position.

The voiceless plosives have the longegt closure duration in final posi-

tion but it is hard to draw any conclusions for medial and initial posítion

because other factore also play a role.

The closure duration of the medial unstressed plosives is markedly in-

fluenced by the tonal aocent of the word in which they occur' -They have

longer closure in words with tonal accent 2 than in words with tonal ac-

cent 1.

The differenoe in closure duration between voiced and unvoiced plosives

corresponds to that found by Karlsson and Nord [ 19?0) for Swedish' For

Dutch the same kind of variations has been noted by SIis (EZA, 1'971)
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whereas Kent and MoIl [ 1969) did not find any difference in closure dura-

tion due to differenee in voicing for American Engliaþ stupe"

The fact that closure duration is shorter in a stressed than -.i!1 an un-

stressed sy1lable is not in agreement with the findings of Slis Ê19?1) for

Dutch. Karlsson and Nord ( 1SZOJ, who studied Swedish, state that an un-

voiced plosive after a stressed vowel is lengthenad as compared to the

same plosive before a stressed vowel. They found the shortest closure du-

rations for stops between two unstressed vowels.

As matters seem to be rather complicated it seems unwise to draw any

firm conclusions on the basis of the present material.

One further point appears from the present data: there seems to be an

inverse relati-onship between closure duraticln and pressure decay: when

closure duration is short, as in a stressed syl1able, pressure decay ís

slow and the othsr way round.
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