" ®D on 468 T 08500310 o

SR AUTHOR Dew, Donald : - ' -
T TITLE The' Pump-Valve uodel of Speech Aruculauon.. T
‘< %z~ - - . PUB-DATE S 4-Apr-73 - - - - e
it - NOTE - 8pes Paper presented at the Ammal Meetmg of the
- Southern Speech COmmcataon Assn. 5 (Lexmqton, Kyes
- April -4, 1973) : o e .

P - JE—— _'VWf—V77‘~A T e <D - e Ty B T - - - S

EDRS PRICE *':HP-SO.GS HC-$3.29 o - T R

- DESCRIPTORS Communiication (Thonght Transfer) *Instractional

- Innovation; Language Research; *Hodels. ®0oral S
= T Communication; Relevance (Education); *Speech; Speech
1 - 'Cnrr:l.cnlum. SPeech Bducat:.on, 7*Speech Slulls

= 3

RACT 7 ; 7 o - T —— e ’f I * ‘ :" o ifri; o

S , The trad:.t:.onal e '
- ':respuatzon-phonauon-artlcnlat;ou-resonataon nodel of speech
_ production which permeates introductory literature is not the cnly
- suitable model of this process..The pump~valve model, which derives
-~ - from the acoustic theory of sgeech production, is a viable .
-~ alternative..This newer model is also consistent with modern :
" theories. It focuses upon the parallel mechanisms within the overall
- 'system and Suggests relationships between their activities and their
. -consequent sound code product. The pump-valve model is particularly
-~ useful because it provides for a stra:.ghtforward treatment of the
- ‘'speech code. Each of the articulators is given egual. wezght. and the
- functioning of one is not emphasized at the expense of qthers. The_
- treatment of prosodic or suprasegmental features such as pitch and
- “1oudne=s ‘may be deferred until the seg-ental features are co;zs:.dered,
or they may be onu.tted ent;rely.e(EE) .
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lntroduction° Our'fundamental oruentatuon to the processes ot speech produc-

tuonvhas been shaped by early presentatuons of relevant materual organgzed |n the 7

framework of the tradutuonal Respurat|on-Phonat|on-Art|culat|on-and-Resonat|on

. - Y

Thus famlluar organuzatuon has been used un the most popular |ntro-‘

—

-

Stl’UCtUl’e.

ductory textbooks that deal wuth nonmal structure and use of the speech mechanusm

ED 078468

(e.g., Grayrand Nuse, l959, Judson and Ueaver, l965, Kaplan, 197l' Zemlun, 1968-

7 ect ) Accepted w:thout questnon, the outlune seems reasonable and has served the

purposes of teachers, scuentusts and practjtuoners for>many years. IS 1if¥,

- 7 i—"—.,Although never formally presented as a model, the tradut:onal organuzatuon
- ) - - S A .-

has been |nfluenc|al and does suggest a partucular oruentatlon.

- ‘ . N q._.a*

Specrfucally, . .

by lumplng artxculatuon and resonatuon tcgether and by payung separate,and nore

— - ,; - —

extens:ve,attentuon to euther phonatjon or reSp-ratnon, emphasns |s placed on. the :';
latter at the expense of the former.

|s guven specual emphas:s whuch leads to the wrdely accepted beluefs that the i:;? ,7;»‘

) Horeover, the laryngeal productuon of voucung -

3 - ;:,X larynx |s the nlz sound generator of the enture mechanusm and that the only

sound it generates |s vo-c ng klthough well suuted to the unterests ‘of - the 71:,1 s
'unvestlgators and teachers of vouce, such an att|tude |s not generally applucable

nor can it be,substantxated As so many other tradutuons, the Respuratuon-

i w-thout concern for Justufucatuon.,

The organuzatuonal structure is treated as

1973.
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'an'impl|C|t model in thus paper, because—lt has served to oruent our conscderatuon

*of speech productuon and ut has been lnfluenc1al It us not, however, the only -

approprnate model useful alternatnves.are conceuvable. ,7,’”1' ]*

‘e.r,

waously, the lorynx is 2 sound generator II‘I the sense that lt |nteracts

wnth the,aur flow of respnratuon to create a sound In bruef the forces exerted

by muscles located in the “torso and neck are converted to sound‘ nergy.r Further-i,

more, “the laryngeal mechannsm is used to generate a quasu-peruoduc complex wave f,i

whuch lusteners recognuze as voice. As so aptly demonstrated by Gunnar Fant in -

his classuc Acoustuc Theory of Speech Productuon (1960) however, the larynx is

’olce., The larynx IS one of’several sound sourCes and

prehend and apprecuate Fant's theory. Assured that the theory provudes for

accurate and quantlfxable preductlons -we must rely on others for a translatnon o

, nature (notably Stevens and House, lébl, and Luberman, l972) have been made, but'?r

therAare |ntentlonally con‘uned to a treatment of vowels. Thus allows for the

- — -

|ntroduct|on of the maJor pr:ncnpleS‘of resonance aS'well as those of voice

prOdUCtton bUt 't does "°t encompass the f“" SCOPe of speech production. The .

lesser known (but equally umportant) prnncuples concernlng consonant sources and

fultercng generally have been sllghted In thus regard Fant has demonstrated

that addutuonal sound sources are used and that dlfferent prunclples of resonance

do apply to the productlon of consonants but the demonstratnon is hughly tecnnncal

R S

anto readuly understandable concepts. Several excellent contrlbutlons of this ©°

T, LD
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. ductlon other than that—provlded,by the.traditional Respiration-Phonation-

7;|ts functlon of produc:ng sounds other than volcung is recogn:zed

_vgenerators. Each |s capable of generatung three kunds of sounds -a burst nolse

__Purpose: ;The’purposeiof this paper is to offer a perspective of speech pro%:;,

Artlculatlon-and-Resonatlon Hodel Thus is called the Pump-Valve Model and is

rwnntended to represent the full scope of the Acoustuc Theory of Speech Productuymr;b

in terms sumple enough ‘to” be,understood by college sophomores. br;; e“mir

>

Descrugtuon.m ln the Pump-Valve Hodel ‘the resplratory system is udentlfied:f':f

,~as the pump and IS treated in much the same way as ln the tradltuonal model in -

=

,addctlon, all the artuculators are treated as valves valves whuch close and open o

in varlous degrees"thus lncludes the lablal valve, the llngual valve, the velar :i,

- - b

an art;culator, |t'also |s emphaslzed no more than the other artxculators, and ;f_gar

— ‘5, - "l“

Three of the valves (vuz., the lablal llngual and laryngeal valves),are sound

- or tone. There |s not Just one sound generator and that sound generator is not

] llmlted to a slngle type of sound

-t"'ﬂ - —-

resp,_atory pump causes a flow of aur thru the vocal cavutles. Nhen a valve

-

o i -

closes, the flow of a|r IS stopped and. the pump causes an |ncrease in pressure

’w1th|n the closed system. when the valve opens, a burst of -pressure (or'sound)

is- released Thls can be accompllshed by the lnps in the productlon of the f ‘ ;ii:

’ lablal stops by the tongue in the productlon of the alveolar and veolar stops,

’and byethe larynx in the productlon of the glottal stop.

' rst let us cons:der*the generatlon of a burst in quiet breathing, the -

valve, as well as the laryngeal valve., Thus notaonly_us the larynx treated as :i{; o




.l‘\ \‘\

- ﬁor example.

-along the:vocal tract

' 'ceuved consnderable attentaon and has been satnsfactornly explanned by the :?fi

' jFlanagan, l958)

in speaknno) seems capable of producnng a quasa-peruodnc sugnal when nnteractnng

i *1snor|ng may._ be expallned by the Myoelast;c Aerodynamac Theory.

Secondly, let us consnder the productnon of nonses.

valve ns not entnrely closed but forms a very narrow constrnctlon at some point -

in thns |nstance, the -

D:rected through this narrow constriction by pumpnng

'actTon, the aur flow Becomes turbulent w:thnn the constrnctnon.

is a nonse sound~source. Such sounds can be created by the lnps in the productnon

of labnondental frocatnves, by the tongue nn the productnon of lnngua-dcntal and

o l|ngua-alveolar fracatnves and by the larynx in the productnon of the glottal

frn.atnve. ln addntnon, of course, the lungual valve is capable fo producnng

‘forengn sounds such as velar,’uVular, or pharyngeal frncatnves. 7 ;"f:

The productlon ofrthe thnrd knnd of sound a complex pernodnc wave has re= -

't Myoelasth Aerodynamnc Theory of Vonce Productnon (van den Berg, l998 and

As wnth the burst and the nolse, the tone is produced by the

~=;r,

|nteract|on of'the pump and ‘the. valve.

as thegmost adept,mechanlsm for producxng thns knnd of sound, it is necessary to .

:glndncate that the labnal and the lnngual valves also are capable of producnng

,,i.,

such v:bratnons. lndeed the baSlC prnncuple of th:s theory can-be and usually

- - -

are |llustrated by the "Bronx Cheer" nn whach the labnal v:bratlons can- be

observed readnly, wsth the appropr:ate degree of tensnon and opennng, they are

*‘:;alternately sucked nnto the a|r str%am and blown apart nn the very same. way that

¥ :

the vocal folds nnteract wnth the aur stream to produce voicing. Snmnlarly, the

- »

: 'lungual valve can produce such a complex periodic in the'- productnon of a "rolled r ﬁ

A e

s

w:th an nnflow of anr thru the nasal cavltnes.

ln partlcular

This turbulance'£A7 7

Though the laryngeal valve is recognnzcd ;: 7

Even the velar valve (whnch is not ordnnarnly used for a sound source -

I am suggesting that
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Respuratlon-Phonat|on-Art|culat|on-and-Resonat|on Model in urder to offer a o :f'}:
35|mple, fundamental
' prlmary lnterest
imodel*

,phonatlon.

- and w:th modern theor|es of speech perceptlon.

‘of the speech mechanlsm rather than a sequential one.

) Surely, my major pount must .be _evident by th|s tlme. The larynx is not the o
only sound _generator in our speech system.. lt is lmportant to rccognnze that the .

lab;al and lungual valves also are sound generators. TheSe generators may operate

Sequentlally or: slmultaneously 2s they do in the productlon of voiced fr:catlves

- -

and VOlCed stops.,

Furthermore, vo|c|ng is but one of several types of sound

produced by the larynx, it also produces both bursts and no|Ses. Furthermore,

J,all three,types of sources are produced by the lablal -and lxngual valves as well

| propose the Pump-Valve Model .as an. alternat:ve to the trmdatlonal %', ‘7é¢"

- ,*‘ -

explanatlon of speech productlon.

Undoubtely, thoSe havung a.

laryngeal Functaonlng w:ll cont:nue us|ng the tradnt onal

it :s well suuted to- the:r purposes in that an emphas:s is- placed upon

Others who are lnterested ln’thergeneral artlculatory process should ' ) Lt

f:nd the Pump-Valve model well suuted to thelr purposes. :lh s includes the { -3

iﬁv‘ gators of norma] artuculatory functlonung, cl|n|c|ans whose most prevelant

problem is mls-artuculatlon and pract:oners in general having a need to under- 71 j'g -

stand the speech code. - o - - ' . L ) R

As l have shown the Pump-Valve Model derives from the Acoustlc Theory oﬁ

Speech Productlon.r ln addltlon, lt is cons:stent wuth Dlstlnct«ve Featurd Theojy

-
=

R e

Let us cons:der dtstunctlve features furst. From th|s perspective (Jakobson,
Fant and Halle, 1952) a sound is considered to be a bundle of features which 7 -rVA

occur sumultaneously.

A dlStlnCtIVe feature analysis suggests a paralle‘ operatlon o

For example, at the time
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thatithe lanynx‘generates a tone, the-labial, lingual and velar valves make vri o

*

~

adJustments whlch shape the vocal cavuty conflguratnon . lnduvudual adJustments

:w1th|n the system are not entlrely |ndependent but snmultan°ously the lablal

oot o e
A

valve can open or close or‘be rounded, the lnngual valve can produce a burst or
P -
[ ) - - s

nolse on the alveolar rudge or the velum or it can assume a confnguratton necessary

for a- vowel, the velar valve can open or close, and the laryngeal valve can pro-
% duce a toue nolse or burst. Thns sumultaneous actlvnty |s consustent wnth
T

sumultaneous features whnch are obtalned from the composnte product of .he speech

7 mechanusm. A recent lnvestxgatlon |llustrat|ve of the parallel actuvuty of llps,

! .

i, - .- -
IR S - B —,f .

2 -

b
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{

) . Jaw, tongue and larynx was reported by Lundbloom and Sundberg (l97l)

f"."

ff?f How dlffxcult nt has been to consxder co-artlculatxon wuthun the framework

l of'the traditional resplratlon, phonatxon, artlculatlon and resonation model

- When |nstead co-artnculatuon |s approached frOm the perspect;ve of the Pump-

Valve Model, at as easy enough to see that each of the valves are adjusted at

. dlfferent rates. AThus *the relatuvely slow 1ip rounding or velar closing must -

*

be antucvpated several sounds before thelr target and mnght last several sounds
_after If we assume that artuculatory actlvnty is monutored prlmaruly by the
prlvate feedback loops (sUch as taction and proprloceptlon) rather than by publtc

feedback loops (such as audltlon and vasnon), as suggested b/ Layne and Tranel

'(197l), there are parallel neural pathways-leadlng to and from each of the vaIVes

*

-

!
t
13
i

vjtoraccomodate such monltorang.

= f The parallel monltorang of parallel actnvuty within the mechannsm could also

be avaulable for'decodang as well as for encodlng.

»

In other words, the system

weihave avallable for self-monltor:ng may be useful for decodlng the speech of
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Artuculatuon, Resonatuon Model of Speech product.On whcch permeates our untro- }‘,

"
“

others. Th:s is consustent wcth the Motor Theory of Speech Perceptuon (Luberman,

19575 Also it7is consistent w:th the generatuve rules operatlon descrxbed as

part of the Analysns by Synthesus Model of Speech Perceptlon (Stevens, 1960) .

As a. phonetlclan, | have found the Pump-Valve Model to be partucularly useful

It provndes for a d:rect stralghtforward treatment of the Speech code. Each of e

the artnculators is guven equal weught, the functuonlng of one |s _not emphasuzed

at the expense of the'others. The treatment of prosod|c or suprasegmental

features such as putch and loudness may be deferred untul the segmental features

are consudered or they may be omztted enturely uf one sees fnt to do so. :,:
Su| y ln sum, l have suggested that the tradutuonal Rcspuratuon, Phonatuon,

- Q

ductory l:terature |s not fhe only suutable model of thus process. l haVe suggestedn
ania}ternatuve,vname]y the Eump-Yalve,Model! which derives from the Acoustic Theory
of Speech Production. ATso.rlrhave showﬁmtﬁat'this,new model is consfstant with';
other—modern tﬁéafiééi' ln a sumple ‘(o perhaps simple-minded) fashlon, it focusesi-
upon “the. parallel mechanusms withun the overall system and suggests relatuonshupsv

between thcur actlvntles and thenr consequent sound code product. I hope you find

it a uscful tool for your purposes. o ' “ o £
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