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1 Spherical head

2 Torso and neck, etc.

3 Concha

4 Pinna flange

5 Earcanal and eardrum
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The footplate of stapes acts like a small
piston on the cochlear fluid through a
membraneous connection that seals the
oval window of the cochlea. The
buckling motion of the tympanic
membrane decreases the velocity two-
fold and increases the force two-fold,
changing the impedance ratio four-fold.
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FIGURE 2.9 The efficiency of the cat's middle ear, showing
the fraction of sound power entering the middle ear that is
delivered to the cochlea (after Rosowski, 1991, with permission

from the American Institute of Physics).
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along the human basilar membrane.

3500 1500 700 250
10 15 20 o5

Distance in Millimeters




< scala tympan’

aglalall 3 dak

Jbll slie A Auw cladl @ bl 2Ll M (0 Adgall Al Jaxs O
Stapes L] Bueld pe dnadl 848U I chliaYl Jaw sl cledaally
Condensation Adolanil Aol O6SS Lodie S5 10l) Ladsy Suxy Eo=y (Footplate
& 292l wdaddl S ¢lé duleg Rarefaction  ddslusl 085 Liaie 7Ll Lpmang

ALK sueld lawss o3kl Jilgw I ydlie JShn dian 3 0y Aiguall 4 gl
Scala Vestibuli aunlandl Alaudl § Perilymph bl caalll 8,01 Lasas leaie O
Scala media Jowgll Jlaudl slesly susis Reissner's membrane jiual,y sLac 18
Scala Tympani. aldall &l udl sl=sls Basilar membrane gaclall cLaall soang

(grelall s Laall yalie 7 Ll con WG wdl § Bilgudd blsasl éi obd JWls

i == Scala Vestibuli

........ =

Pt

Basilar Membrane

W\ )= Scala Tympani

L

\

Uncoiled Cochlea




Compression wave

5"'-" SV nt
rRw. & sT —~

Rarefaction wave

~'5 ——
< R d
- -
g
)




ik &L L g S e T g

Low ipquercy

3 yiliaall A gall A4

S8 Ll 28 3 1Y) o Ll s suims il il 13 gyne sa LS O
- el clie waae) LK Bueld AS> ciwdw jiea 100 Laysles Abgue 85La)
aS, =l sda Jailss byl sl 2sldl 8,0 Ve o Jomes (LS, 50cls - oiladac
Travelling 5,8Lull sl o Lo Lidy Co> gaelall cLaadl | Periodic 4ysull

.wave

Bydlud) d>oll JSCaT il ped pusan e lall cLiall ol Bekesy ca &<l uat o
A gl Aol SIRal j3lead 2a814L

pody 093lmll suelall ¢ 3l (o1d s Il 3L Jsleadl Adle olguadl @lasys Ledie O
sadl) gaelall slaatl Job e Alish Adline Aabold ¢ g3lontl (3a8) duwl I e 1321 4
(15l o Lo cnaliy sy gl Jalay (3lay

i (6180 S, L il 8 3l gall uligS Jumay S8Ladl 2oLl agdy Lol s (e ©
(Apex) deall wic yilgall dunazill gduclall wie laull Adle ol guadl Allay



__— Semicircular canal

Vestibule

Basilar membrane

Round window

" ——
Scala tympani Al
' | ‘ T
|
Cochlea stretched out o
> ;
-
- N

Helicotrema —



sacldl cLiall Gailad 53 Ll da gall

25l il Jlall SIS (oladl sie waliemn! Lelasy) el ) Juas ) zlsals s3ludl zsll 4uds (Sas O
Js13 5yaall Wl Jeran) 2wl Aladl (K45 Aine A 3 guelall cLadll e 4 5950 (el oLl
STl ety 09t Bueld i JaLull ol JSAT Jedll (Say diles Aandl SLLA Liag ysS guae
B9yl day il dcs JSing Aoy el @F 4 893 el Lpd aly dlaas ) e opletl Jsb e #lan¥ly
ST Jies @l dadill (g ¢ 93bel) 5955 e 3Ll ol (2505) S ot y3lsadl Lndseia lguadl (L8 diles
Lol JI Lln o5 mxs (&1 Frequency information 4,51l Sleglall suss guelall o Laald 7 Ll

O98S L stiffness Bgluall 4oy guelsll s Lasll jlal 3lany O
Guda (gm3yu3 SISy (adlilig Buelall wie Sy Lo AST 3gluall
coly LedS a5l G Mass alaSO1 Jeole 83 J) calay . 2aatl slasly
Loz ys gote el e Laadl 28 wylisg guadall 3lgnll s LS alssl
ooyl muay gaelall cLaall ol Tasls . 2aall ) suelall oy
Aol J] suelall o yadly Wider




Delxotrens

“scala
oy eipase

hasdlar

\ | " X

\ N o\

>' /?.—" \ e e
e, Y \

. apes

500 Hz

1500 Hz

3500 Hz




Lgd.c\s.“ o Liall u.a.:\.m

Frequency producing
High frequency Low frequency maximum amplitude
Apex: wide £ 4 S
and floppy .~ 2 £ /"' 500 Hz
£ 1 kHz

Basilar
- membrane .«

- Base:narmow ~—_
and stiff

~

Boluall : gaelall cLaall M yoliall sda L O
ool cLaadl (o Jazes Lacizme (o yall 9 AL —
.Excellent Frequency Analyzer jlics ilg5 Jlxo
50l dm gl KT ooy alais il L tiala 4lasMa O
oLl Lasls 05y Laseans sl 18 ¢y g3ldl Jsbo (e
cLiall S aal Lasbesll lag clldy deall

.L“SJ.C-LE_”



O 9pltl 3 8paall Ll Lals

ays Lradsg ads ) 8y &l WIS @ dy ) e s 1) 8 e dd) WSS 4 by alises O
sy i@d il 5yaill WAR) Ll (Frequency coding (acud! cuaall LT pc 3143l
53,13l Aiguanll 5, LAY 8 04SS Lonie Jaaws W Lald gun o (de S ¢Intensity coding s
SPL. Js (s 5 40 (ya J31
3 slasyl I o Laily ) Mol Tuad ey ¥ Ladsg! 2ummy sl 8,28l LI oyludd o) O

t""“‘” lae



Type | —
Afferent
Fibwar

Inner Hair Cell Outer Hair Cell
.

Tip=-Links

= Side-Links
+—— Stereocilia

— Steraccilia

Cuticular ___ Cuticular
: Plate I Plate
e ' Ii
‘ i
¢ %
Mucleus
Type Il
Affarent
p\ Fiber
Lateral
Olivocochlear
Efferent Fiber

13




Tectorial membrane

Inner hair cell

Spiral limbus

Quter hair cell

Osseous spiral
lamina

Basilar membrane

(A)

§ oy

Hyperpolarization

I |

Depolarization
(R TTVTTTTTROTTYTTHTE A7 77T A I e RN AN AN
Resting Increased Decreased
discharge impulse frequency impulse frequency

Excitation

Inhibition

14



Electrical Events 4.5L ,SJ! &iol gl

' Rarefaction

Depolarization

Depolarization
e

@1
ol |

Resting  Hyperpolarization
| |
o)
L H

Frequency analyzer and Lasl Juwe o Sxiles M=o 9o po3lxll O
Bomi (9 palug Al Il §ya dd) LS Jeass ol Eus Transducer
Jueras Gomy A8LasS9, S Wl Il LK sucla) SISl 48Ukl
Aol sleily gaelall claall 71 e ads ol 8,2 4d) L]
Addadl s wdl sleesls 7 15 Lodie Lol SGdmey (o § dnlan]|
ey dA>gide dyladl Glgall e %15 la 0SS Bl Al 3 O

¢33 S kinocilium

olbdiwl  byd Gu= > @  depolarization

(SIS udl e [ 7 176 Leaie hyperpolarization



593l @ AL, Sl Bislyze)
slazs sdlg Receptor potential  Jdwuldl OgeS JSChy 2ds Il 8ya 2d) 3dsedl U5 1y Gllaazad) ¢35 O

Eu>Active zone Uelall dalaill uo g5 8,2 ddl Azl Bueld wicy dwdl 8ok sbsjl e (geays IS

ool Comall (LT ding lebigladl quasdl JBLII sy
Radial Shear Creates = =
Tension on Tip-Link

-
»

BLall 8 Jle %S0 pguwligd) aazs o] :Davis Battery Theory O
JSda Gl U5 1s (9eSdl (uale i Scala Media dacus !
o] LU 2 gusligdl 35198 el (quladll (4, Ua ) Coll!

Ll dslegll dmdintl Cali o> (s 1001 550 dl) LI

Foumell Caalll oy agisliod! 8500 890 & quludll 5ol Sigsl=]]

et | 098 JSad guledl) e id) 3,8 Budzsy 51l Canllly

Mechanically
Gated Channel

Depolarization

O

NEDEES]



Depolarization

Hyperpolarization

4 4
Inhibition |
Receptor
Potential
I |
'E";TE;-:: N O NNV CAVCATRN O I O | O R R AR W
Spontaneous Increasea in Decreasea in
Activity Frequency Frequency

17



529 Receptor Potential Jaiud) 9eS Liayl (sua :Endo-cochlear potential jigil=ll J51s OgeSd1 O
59 Lplantly bt cattla vl dud Aasgill Wlawdl (515 laled oo B0+ dgummy il g (gS
Syaall W Jemans Ao, L) 2usLadl LIS Ll (SCaos Asgiead) 20,01 ciligeS as|

sda 3 JI> ol of Co LY sda eal s Lgzmall LAY Ig ATP Jb daws, bl Jaudl oldl cals o

W (ladiw) £55) 45 3 WS L Gigzledl a1y 0geSIl AT pue gl canis cuun LY

ERTNES(FIeS:AY



Scala Vestibuli

Scala Media

+80 mV
Endolymph

K+

QOuter Hair
Cells

Spiral Lamma s e
P BC = = l
h'

Spiral
i 4 Cells
Ganglion
Ceg"; Habenula

Perforata

8 s

Inner Hair Pillar Cells

Perilymph

Scala Tympani

Stria
Vascularis

Spiral

Prominence

19



Cochlear Microphonic ¢y 93l=)l 43489 ,54

48559 Ayl dll I lual 4S5 (e @iy «Gigso el lmial (93l § Lady 0908 529 O
(99,5 (v Uy ddl ddad ady caglite 5L g9 Al 2o 38190 JSChy gurelall e Laal|

e ooldsl 4w slhae] wicy (Lylael) adlu dudady 98, S OgeSIl i bay Jolucts) diie slhac| wic O
(98,8 Gl oty olis duie sllac] icg Ao Apdady (1545

535299 Lol guin Ladasesl 5,81570) 83a¥l g SLaadll alokialy CM Lisd,SU G9aSl izl Sas O

093kl Ly Ll 3yaad | L) 2edhes e Ll



A/\ G

7 A
G
GG,

N1 N1




Alternating clicks 100 dBnHL

Rarefaction clicks 80 dBnHL

Rarefaction clicks 80 dBnHL
(tubephone clamped)

0.5 ]J_V'"
:. 1 1

4 6 8 10 12 msec



Summating Potential _aezxl (95!

sLall @ plold! caalll (g Golidl A1 OseSdl 0y B8 2529 (e A DC il GLisS Ol (o= Bylie 929 O
eyl

Stimulus Envelope 4.l

o gelall Laall aS =) die g AST sag Fodl el e gaelall claall 48> e aexll GgSdl 2y O
LM HLas |

Gzl U1 ol Aldadl 51 59 ASIYIS sutes o186 (e s Ay Slag A IWS (10 (el G908 ulid (S O
O Cals ol AV gl Jamdl § dlimad S @ el i3



2.4 uV

CM

SP

AP

24



Depolarize

Hyperpolarize :l WMWMWM-’MW
v

25m
AC. ComponentI
D.C. Component
mm

125mv] 3000
M 4000
mmo

[

0O 10 20 30 40 50 60 70ms

Intracellular response from an IHC in the base of the
cochlea in response to an 80 dB SPL tone. frequency
varied from 300 to 5000 hz. AC and DC components are
labeled in the 2000-hz trace. The dashed line on the left
side of the 300-hz trace shows the resting potential. note
that the response to the 300-hz tone is asymmetric, with
a larger response in the depolarizing than the
hyperpolarizing direction. AC and DC responses are
evident from the 300-hz trace to the 2000-hz trace. note
that the AC response is nearly absent in the 5000-hz
trace.
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Outer Hair Cell Function

O Selective destruction of OHCs results in an elevation of psychophysical and

physiologic thresholds of up to 40 to 60 dB and a significant widening of tuning curves.

O Changes similar to these are seen in IHC and OHC receptor potential tuning curves

foIIowing acute acoustic trauma.

O There is a division of labor whereby the OHCs enhance the sensitivity and tuning
around the CF; the enhanced response near CF is then relayed to the IHCs, which are

responsible for transmitting the information to the central auditory system.

O The physiological processes that improve the sensitivity and tuning of the inner ear are

often referred to as the “cochlear amplifier."
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Outer Hair Cell Function
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Frequency Selectivity in the Auditory

Nervous System
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Frequency Selectivity in the Auditory

Nervous System
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FIGURE 6.3 Typical frequency threshold curves of single audi-
tory nerve fibers in a cat. The different curves show the thresholds
of individual nerve fibers. The left-hand scale gives the thresholds in
arbitrary decibel values and the horizontal scale is in kHz (reprinted
from Kiang et al., 1965, with permission from MIT Press).
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Frequency Tuning in Nuclei of the
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CODING OF TEMPORAL FEATURES
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Number of spikes

Period histograms of discharges in a single auditory nerve fiber of a squirrel monkey to stimulation with two tones
of different frequencies that were locked together with a frequency ratio of 3:4 and an amplitude ratio of 10 dB.

The different histograms represent the responses to this sound when the intensity was varied over a 50-dB range.
18
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The degree of frequency selectivity has been expressed in two
Ways:

An Introduction to the

o the first way: is by the slopes of the tuning curve above and below the o Physiol_ogy
characteristic frequency. of Hearlng
James 0. Pickles
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FIGURE 6.3 Typical frequency threshold curves of single audi-
tory nerve fibers in a cat. The different curves show the thresholds
of individual nerve fibers. The left-hand scale gives the thresholds in
arbitrary decibel values and the horizontal scale is in kHz (reprinted
from Kiang et al., 1965, with permission from MIT Press).
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CODING OF TEMPORAL FEATURES
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Number of spikes

Period histograms of discharges in a single auditory nerve fiber of a squirrel monkey to stimulation with two tones
of different frequencies that were locked together with a frequency ratio of 3:4 and an amplitude ratio of 10 dB.

The different histograms represent the responses to this sound when the intensity was varied over a 50-dB range.
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The degree of frequency selectivity has been expressed in two
Ways:

An Introduction to the

o the first way: is by the slopes of the tuning curve above and below the o Physiol_ogy
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Figure 3-13. Modification of
respiratory cycle during speech
compared with nonspeech
respiratory cycle. (A) This trace
represents quiet tidal respiration,
with volume related to resting
lung volume, (B) This trace is
related to total lung capacity.
The speaker rapidly inhales a
markedly larger volume than
during quiet tidal inspiration and
then slowly exhales the air during
speech. Note that inspiration
occurs with the same timing in
both speech and nonspeech,

but that the expiratory phase is
proportionately longer during
speech. In the final portion of
the trace, the speaker is called

on to speak on expiratory reserve
volume.

Soucs: Ditmas/Tengoge Lasming

Lung Volume (cc)

Ghill g el L gl 5338 9 gy

Nonspeech

(B) Speech
3500

|
3000 4

2500

e

1500

T T T T

10 15 20

o
(&)

Time (seconds)

il o gaad) i Y S (il Jasall 23 gaill 138 8 sl SA sy -
eSS (G Laa Jadh ey Qi) Lai) g A DEaY) colalall 4 5301 5 53 salall

Tanall Al e Jalaad) A 55 g oS pudiil) L 53 ) ALY 3 gl

ol (ialS JSH eliSay) Cuaalip (5980 5y o by ad Cailia (Gaed ey 1Al -
Canll JalS el il cali (s Jshal a3 0580 o Jsla oY) (UK
Al J sl Lianll agadl & s Jaadl o oSy Aal) 028 3 At )

05834l o) sl (s

checking oasiill Jady DS 5 5l o o) sed) & 558 T dlae e -
U e llh g gl )l aaad aey o) gl = 5 A daslae =3 a5 ActioNn

15



Crna daaa gl 3 Ghill g aanad) Lin ol 9 38 9 ey

ilae IS a4 IS U uitily Sl 6 las Ll (sl J2d ey -
(hiac Cania igan die 5 ad il N 8 el o) sl Gl Sl A4S
o B e (addll muary jaS JSG Jadll e lacay JLG ) ol
3 3yl g drg y ) jladil () SSSN Jgay 5 Jlad 23IS il b 0L aSal)
Slo Ghall s z JAl ol sell i Glsa e Laleal) (el asdill Jad o &
Dba el ot arally bl (S aSaill ay AINA (e (51 5 4 guall Jlaall
Phonation < suaill » 33U
Conlia (Gagd 3AT A (he s 5 (50l IS (el 8y il Jad DA (e -
oalii DA (e Lalid LS elly uals 2y g 2DISU Zpulul) 0638 duws dais
Ay sl g Jghal 38l 2SI ) jaind Aalall vie oSy Aiedll < laal)
A 83l Sl alll 4ia gy la) (5 ¢ (aali Lled 9638 J) Ao
Al (il L 5 hlial) 5 8 5l axall Gl o Jans elly (550
T

A Cgpall jaal A e 33ed 2k By (B Le agll 400N 4 aally 2B
DS a8 28l i iae T Laif g dgilal) i iaall aladiul ) 53 diee (S
Lo g By yd 5 i ) aladi) Glia 3 yall oda 8 (S5 3y el pui
Y 5 30 (s 5l aladind Juady 9450-40 ey 3133 Cy sl (0 )
Lyl il 5 Caleall 5 (0 pualaall alana 4w lay (52

g Alligh 4dlSi oy Y sl (sl aladial of Laly SNl e -
G 3 salall Gl ans aba ) Hlaiay agadl 138 2o g dalaal) s3gd J 520
Lo Sl 5 Lgle el pandill Jad e can iy (Al (5 68l paas ol )

gl dadl e Guiall s geall Ll o) A0 claladdl 5 55 e -
Pl il (Jshall) pueadl £ 165 5Y Ja ey gaaill JaY (el Al 5 e il

16



Creida dada gl 2

Ghill g el L gl 5338 9 gy

5000
Male
4000 A
ar
£
> 3000 - Female
©
o
o
S
3 2000 +
=
1000
0 T T T T T T T L) T
1 10 20 30 40 50 60 70 80
Age (Years)
(A) 7000 +
6000
5000 A >
28
" ®3g
ZE‘, 4000 —_
Q
E
= 2
S 3000- 3
>
&)
2000 A
EE
1000 23
T >
0 L Al L ' T L L) v

6 10 14 18 20 25 35 45 55 65 75

Age (years)

17



(Biad daala
doaall A gladl PR

Physiology of Articulation & Resonation

Gl el Lm0 385 e 585 s
2022 - 2021

WJA;.AJA\.MJ



il gual) L) A el ja — poiall 4 s
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resonant frequency: frequency of

stimulation to which a resonant
system responds mast vigorously
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Source-Filter Theory in Vowels Production
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Look at Figure 6-2, and notice the difference between production
of the /s/ and /J/ phonemes. Sustain an /s/ and realize that when
you produce it, your tongue is high, forward, and tense. You pass
a compact stream of air over the surface of the tongue, and then
between the tongue tip and the upper front teeth. Now produce the
/][] and recognize that the tongue is farther back in your mouth,
much as in the figure. The source in both cases is the turbulence
associated with the airstream escaping from its course between your
tongue and an immobile structure of your mouth (front teeth or
roof of your mouth). The turbulence excites the cavity in front of the
constriction and you have a recognizable sound. Which of the two
phonemes has the larger cavity distal to the constriction? The /J/ has
a larger resonant cavity than the /s/, so its resonant frequency will be

lower, following our discussion of bottles. Now make the /s/ again,
but without stopping, slide your tongue back in your mouth until you
reach the /J/ position. As you do this, you will hear the noise drop in
frequency because the cavity is increasing in size. The source-filter
theory dictates this change.

Hard palate

Lips i (

1S/

/5/

Tongue
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Of these mobile and immobile articulators, the tongue, mandible,
teeth, hard palate, and velum are the major players, although all surfaces
and cavities within the articulatory/resonatory system are contributors
to the production of speech.
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Movable Articulators
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Table 7-1. Muscles of tongue movement.

MOVEMENT

MUSCLE

Elevate tongue tip
Depress tongue tip
Deviate tongue tip

Relax lateral margin

Narrow tongue

Deep central groove

Broad central groove

Superior longitudinal muscles
Inferior longitudinal muscles

Left and right superior and inferior
longitudinal muscles for left and right
deviation, respectively

Posterior genioglossus for protrusion; superior
longitudinal for tip elevation; transverse
intrinsic for pulling sides medially

Transverse intrinsic

Genioglossus for depression of tongue body;
vertical intrinsic for depression of central
dorsum

Moderate genioglossus for depression of
tongue body; vertical intrinsic for depression
of dorsum; superior longitudinal for
elevation of margins



MOVEMENT

MUSCLE

Protrude tongue

Retract tongue

Elevate posterior tongue

Depress tongue body

Posterior genioglossus for advancement of
body; vertical muscles to narrow tongue;
superior and inferior longitudinal to balance
and point tongue

Anterior genioglossus for retraction of
tongue into oral cavity; superior and inferior
longitudinal for shortening of tongue;
styloglossus for retraction of tongue into
pharyngeal cavity

Palatoglossus for elevation of sides; transverse
intrinsic to bunch tongue

Genioglossus for depression of medial
tongue; hyoglossus and chondroglossus
for depression of sides if hyoid is fixed by
infrahyoid muscles
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In speech, the opening and closing of the velar port must occur precisely and rapidly, or the result will be
hyper- or hyponasality.
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Development of Articulatory Ability
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Four vital elements of basic motor control support later-speech development:
experience with gravity, flexor-extensor balance, trunk control, and differentiation.
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(“Tomorrow Monday”) will be further broken into syllables, selected phonemes,
and features for the phonemes. For instance, the /t/ in “tomorrow” will be defined as
lingua-alveolar, stop, and voiceless.
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v' The articulatory act for any phoneme requires precise activation of an
overwhelming number of neurons and muscle fibers, and the activation
must be accurate, timely, and result in correct movement.
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The DIVA Model of Speech Production

A& 3 A8l g Uadll ~Siay (5 g pall aal )l adlill fase Lo 73 gaill 138 a8 o
1S3 28 OIS ) 8 aa) ) aslil jaleas o
Jstile gand fdaman 1
A a Jdd 02
(ot Lal cp AV J=daga ) A jelii i & 3
DIVA (Directions Into Velocities of Articulation)
alaill sy AU 20N 5 e Sl Al N (e dailad (V) Gtils e 2 5a 5 il 7 i o
Aaletall ) pall e ol 4Dl oA g (58 ?M E\;B\ e OSall e i85



Feedforward Control
System

Feedback Control System

Speech Sound Map
Left vPMC, pIFG

Somatosensory target

Auditory target

Initiation Map

Feedback Control Map
Right vPMC, pIFG

A 4

SMA 1 TN Somatosensory Error Map
A 4 vSC, SMG
Feedforward Feedback AUdl'fOl"y Error Mﬂp M
commands commands HG pSTG pSTS, PT
N 1 1\ Somatosensory State Map
vSC, SMG
Articulator Velocity
—> nd PolitionT Auditory State Map N
and Position Maps HG pSTG pSTS, PT
vMC
’ ™
To articulatory Auditory feedback via
musculature ) subcortical nuclei
via subcortical | ¢ R
nuclei | ¢ ~ = 1
_-} -,I r;_.,__ - -. I 1 . I i

Somatosensory feedback via subcortical nuclei




W zdgal B alail) Ala ja (aibad

daad) ol Cilllatall ae dpuanll L ol g0 38l Al 50 LD (e 2 real-time R8sl (e ) (B dadl g et DA (e a8 o
ol el e falade ] La ) shai
zanaal day Ha Alade ) Jla (8 4l Je 150-750) 3 saa Led Gl ¥ 23 58 ) dmand) 3 LAY J ga g (3 atun Bale o
Ny maa IS iy 2SN () (e SSU A dlica) 456 Ja 100 252 J skl L 5 (§ jaiops 2SN ()l 23S Jasical Uadl)
.Jgdﬁdjdgj‘;@jﬂ\‘):ﬁ-eM\M}A&S&)ﬁi&HeM\@O&M‘&
adny oy Lo 138 5 (agalSS Ja) je sl o2 JUilaY) mie adaali La) aOUSU o oy il aati alaill Als e of Jsill (S WL 6
A pall Jal jall 228 8 433U
1R A O
s 5 M A (e ddl Hlee ] A JLY 45 pa pdalid L) v
0 SN J gla g A yaall A6l e pa e oty Jila ) s laul) v
AV o AV AR (add e ABDUAY S e 5 L Chdntia e add (e 4 SOV ARl QIS

AN e oAU Glalll alad e Liadl 23 5eill 138 GGadai (S



The DIVA Model of Speech Production

In the DIVA model, motor learning is established through the feedback system of
error correction, but significantly, once the target is accurately learned, the
feedback system takes the back burner to the feedforward system. That is to say,
we no longer use the output of the feedback system to correct our speech
continually, but rather we count on our learned accuracy to carry us through the
task of talking. We do not stop monitoring our speech.
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The DIVA Model of Speech Production

Guenther hypothesizes that mirror neurons in the cerebrum may play an
important role in the process. Mirror neurons fire when we perform an
action, but which also fire when we see someone else perform the action.
They are, in effect, a sort of environmental monitoring system that could be
responsible for a number of phenomena, including empathy and motor

learning.
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Dilated for forced
respiration

Adducted for
phonation
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quiet respiration
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ANTERIOR VIEW
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Phonation actually begins a few milliseconds prior to vocal fold
approximation. As the vocal folds are brought together during attack,
they begin vibrating as the turbulence increases, and this vibration is
sustained as long as the folds are approximated and there is sufficient
subglottal air pressure. Incidentally, vocal folds need not be touchin
to vibrate, as you can demonstrate for yourself, Begin the word hairy
by stretching out the /h/ sound, and then let that breathiness carry
forward into the vowel. The vocal folds very likely are not touching or
are making only very light contact if you hear a breathy quality.
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Glottal Fry
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Falsetto
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Falsetto
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The shift from modal register to glottal fry or falsetto is clearly
audible in the untrained voice. If you perform an up-glide of a sung note,
reaching up to your highest production, you may hear an audible “break”
in the voice as you enter that register. Trained singers learn to smooth
that transition so that it is inaudible.



Falsetto types: Pressed & Breathy Phonation
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Frequency, Pitch, and Pitch change
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frequency: number of cycles of pitch: the psychological (perceptual)

vibration per second corrélate of frequency of
vibration



Optimal Pitch
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Optimal pitch varies as a function of gender and age. You

optimal pitch: the perceptual can expect an adult female to have a fundamental frequency of
characteristic representing the approximately 212 Hz during a reading task, whereas the optimal
ideal or most efficient frequency fundamental frequency for an adult male will be much lower, around
of vibration of the vocal folds 132 Hz, for the same task. Mean fundamental frequency will tend to

be lower for spontaneous speeih, and it tends to increase with each
decade of life.
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The reason for the difference in fundamental frequency between
males and females has everything to do with tissue mass and length of
the vocal folds. During puberty, males undergo a significant growth

of muscles and cartilages, resulting in greater muscle mass in males
than in females. The laryngeal product of this growth is the prominent
Adam’s apple you can see in boys, as well as a significant drop in
fundamental frequency arising from the increased mass of the folds
(see Figure 5-8). Children will have a fundamental frequency in the
vicinity of 300 Hz, but that rapidly changes in both boys and girls
during puberty. Take a look at the Clinical Note on puberphonia to

Figure 5-8. Changes in vocal
fold length for males and

females as a function of age.

Note that males and females
have essentially the same length
of vocal folds until puberty, at
which time both genders undergo
marked physical development.
(Data of Kaplan, 1971.))

Source: Delmar'Cengege Laaming



Habitual Pitch
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Average Fundamental Frequency
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Pitch Range
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Vocal Intensity
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intensity: magnitude of sound, vocal intensity: sound pressure level

expressed as the relationship associated with a given speech
between two pressures or powers production
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Figure 5-11. Effect of
vocal intensity on vocal

fold vibration. During low-
intensity speech the opening
and closing phases occupy
most of the vibratory cycle,
as revealed in the area of the
glottis. During high-intensity
speech the opening phase is
greatly compressed, as is the
closing phase, while the time
spent in the closed phase is
greatly increased. (Data from
Fletcher, 1950.)

Source: Delmar/Cengage Learning
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Figure 5-12. Effect of vocal intensity, as shown through electroglottographic trace. The
electroglottograph measures impedance across the vocal folds, and the peak represents the closed
phase of the glottal cycle. (A) Conversational-level sustained vowel. (B) High-level sustained vowel.

Source: DelmarnCengage Learning
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Figure 5-13. Oscillogram of sustained vowel at two vocal intensities. (A) Sustained vowel at
conversational level. (B) Sustained vowel at increased vocal intensity. Although the vocal intensity
increases, the period of each cycle of vibration remains constant at 9.2 milliseconds.

Soures: DelmariCangage Laaming
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Maximum phonation time
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Maximum phonation time: The maximum amount of time a person
can sustain phonation of "ah" is timed. Typically, adult females
sustain phonation of "ah" from 15 to 25 seconds; while males

range from 25 to 35 seconds.
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suprasegmental: parameters of speech
that include prosody, pitch, and
loudness changes for meaning

prosody: the system of stress used to
vary the meaning in speech

intonation: the melody of speech,
provided by variation of the
fundamental frequency
during speech

stress: the product of relative increase
n fundamental frequency,

vocal intensity, and duration
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Figure 5-14. Fundamental
frequency fluctuation for
declarative statement and
guestion form. Note the
difference in falling and rising
intonation between these two
sentence forms.

Source DelmanCengage Laaming
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Figure 5-15. Fundamental
frequency and intensity changes
during production of a question
form.

Source: Delmar'Cengage Learning



Although stress and intonation are not essential for
communication, they are essential for naturalness. Clearly you can
speak in a monopitch (unvarying vocal pitch) or monoloud voice
(unvarying vocal loudness), but the effect is so distracting that it
certainly interferes with communication. You may find individuals
with neurological impairments who show both of these characteristics.
Treatment directed toward increasing muscular effort at points
requiring stress will greatly enhance the naturalness of speech, because
increasing vocal effort at these points will inevitably increase both
fundamental frequency and vocal intensity.

monopitch: without variation in
vocal pitch (the perception of . .
frequency) Natural, training, skill , or

disease: Parkinson disease

monoloud: without variation in vocal and Pseudobulbar palsy
loudness (the perception of vocal

intensity)
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Theories of Phonation
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Bernoulli effect helps promote the vocal folds return
by dropping the pressure at the constriction
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I T rccognized that this
complex vibration arises from the loosely bound masses associated
with the membranous cover of the vocal folds (the epithelium and
superficial layer of the lamina propria) and the body of the vocal folds
(the intermediate and deep layers of lamina propria and thyrovocalis
muscle). The loosely bound elastic tissue supports oscillation, and
viewing the soft tissue as an infinite (or at least uncountable) number

of masses reveals that a verv larege number of modes of vibration is
Sossible. M




