
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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