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| ABSTRACT "

e
;

.Tjhis’ papér pres ént'é" é-:th'eo'ry’f.o“r: an expla ha;ticjﬁ of monaural :
dipjlééviis-is; 1 The th_eory is éu'pplier'nented‘bry the beha{zior of anbe'lec':trical
analog ofith'e, hu:ﬁanﬁcjochlea? ‘, Dééig‘npf a m'onaura‘ll diplacuéis. audibmeter_ '
i 1s detaiie‘ciloi Ex,per‘imen’tai re;S"\le.l’tS of tests for six.people are pl?ésenfed E

~ .s?nd compared W’L'l:h theory ;Béc’:auée 'of -1.:‘he.-e:>‘;<?;eﬁljleﬁt clo‘mpa'l;‘ison,_ : :
ex.periirrvl‘er.ﬁal r‘e’s‘ults; ‘s'e_if:v'e 1;.0’ gﬁengthen the underlying patﬁern—pla;je

- theory for hearing andire‘cognifcion, '

o,
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' CHAPTER ONE

THEORETICAL DEVELOPMENT

1.1 ‘-‘vIntrbalyfction _ .
) ‘Monatl"f.all aipl_aCuvsi’s Whic’h. isjass:o:cifated with nerve dém-ajg‘é’:ih. the -
inner evatr"is .i‘dbén't_iifie»d bythe au‘diolo'gi'.st 'thén ’a \putre tone ;- preé‘:eﬁhtedl_
uﬁilaterally,‘-ifs; »repétt_e&ljf heatd by a stlbjéct'.as a noisy, sbmewhatt _
‘random tone | In t,tle case o‘t éxti*e’mdy lo‘_cvalir"zed‘ ne.t\}é damégelg a s.ingle‘"
tonemay bé héérd ésv.twé entirel;;.s‘eparate tones | |
: W’é,Wilii're'define_.monaural diplacus‘isf'as‘ the.apba,rve.r‘it’ change in :
pltch (pltch'belng the su.'bvj‘éctiVer meaéure of -::E’re-ytiuency) of a totle bértia’ll’y"
"  I'mlégked by noi‘éfe as comparéd té the salm‘e t.ojnb,e unmasked by novisre‘e, ThlS

.- definition covers a.much broader range of nerve damage than the previous

i

deflnltlon smce it neednot 1mply gros s trauma to produce a dete‘c_iztable": L
»i.'pitﬁch éhén‘g.ée - T |

L .'Dipié.ﬂcili‘sis :inay be’ prb;dﬂcedﬁ,. by pe:rﬁa{ﬁgﬁnt' rtetyé} damége a s in
presbyacusm@ l‘éfs’ion:s“"véil.oltlg’ the bé:s_ilér‘membréyné ("coingen:ttal’défé.cté‘,

or any action that will produce a non-reversible loss in sensory discrimi-.

"‘na'tion.'} or it may only be temporary as in fatigue produced by exposure to - ’

high but not traumatic sound intensities. -



‘Itwis the purpgse' of this paper to show that this diplacusiS'is
indeed r‘elated to 'ne’r'\[e”dama"ge.inv the cochlea,. and hence to:hearinc_jiloss_,,’ .
o Alsovth_é extent and, regi‘on:sj‘of this damage may be idéntifiéd 1n téfm_‘s‘ of S

part‘i’cular posgitions favilong,the baSilar'm'e‘rr‘ibr'ane N

1 2 Physiologiéal Background.

A';s:ound impinging on the pinna passes f_hr,oug'h the outer and middle -: S

'\ ear and-into the inner 'é:érf;;:' The inner ear is “called -the.-‘coc‘hlear and 1s :
_composed of the scala vestibuli and the scala tympani (both fluid filled
'Q-hé»n»ne*lis) séparatéd 'by’the cochlear duct. On the basilar membrane of

“the cochlear duct is the Organ of Corti with its associated hair cells, - _

‘and.pve,f‘lying this ,ié"’thegtecj:orial membr‘_ane.-,'v_Figt'lre o 'shbws’ al Gr’oss‘ R SRR

‘. 's'e_c’t'vidvn"b‘f the ‘_cochi’eav;‘;’ |
- As a r:esulf.of sound étimulation@ é v‘ib‘ratio‘:riél pattern is set. up
al§ng ‘the basil‘ar.’rﬁémbr-\é‘rié such that .lfor eaéh‘differen; 'I'S‘u'sté'in.éd sound
' th"eré: arises a defin#ivg» pattern. |
k litié‘.bé:lieve.('i.ifﬁa"'c-‘.éfh:é'relati.\ze.mbt;lc;‘).rl b‘e“‘m}ve‘en /th‘e‘ t‘ecforilé.l:'me’.ﬁlbrér;e"
.causes_. a Shéariﬁg 'E’ithi»('DI‘»lvAO“l'l the cilia éf the h'aix.*- .célis of %he O‘r‘g“a‘n' o,f-Corti,.y,;:
" This act'i'on, fésults _Iin a "flrlng“ ofthehalr cells ,.'S‘i.ncé the s;hea‘r‘,i.n‘gy .fo_rce"“
. oinithé tié.:ilia is pi'édu.qed_,by th_eA ’mgfciqr} of ’;jh_e _rﬁe.:miara‘:j;e . t‘he poSiti_ovn of .,thﬂe '
o f"~e>;ci’..te.'d‘hé«ir dells a'hd, therate a‘t‘ Whlchtheyflre deﬁéh‘\dl o“n t]rnfe':{\“fibxjé’ti;ona‘rl" :  |

' '.pattern of the membrane. *
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o Thé'réte of fivring,‘ at lea‘st'vfor_' the hig‘her .‘freque-nc‘ie;s‘ . vis in Vdiréc"t»
"Arela_tio;r'iféo"fth,ev »il,’lté.nsity"‘d;f :thev“s.;cimﬁ:luér‘alnd 1s béliéxké‘d“’;id repl-ré;‘,er.ltj" ., -
1nten51ty iri,'t"ﬁ"el net"lfavl'; fe‘pfe‘s'e‘ﬁtaiti'c;n., L This_ rlelat‘ionvshi::;; dbe‘s” not holiolj
ét\;’lll‘:;t’ghi'nter‘;s:i»»tvy‘ leVe‘lsv due to t'he. pe}fradtbrff‘ time_bf ivrvld.viv.idﬁal hair cells.
;-A.s i,n;céﬁs’ity 1s ",incre.ased," 'eéc%h (-:Qll'_ultima‘tely‘réaches its mé'xfimum'f'iring
rate and further in'cre-gses in 1nten51ty 'né, lopgér 'préduce mc’)r‘re ré;lai,d firing; .
- Theneuralpatternls then nolongera fvri;‘e‘ re.brésé_ptéfion ofj the stimulus ‘f .
and ‘the. ear i;s"'l'saidécwhsx}’e}eaéh??if satutation. | |
. f,Ihé' béftérn of?th.e}héuralf.. impuj‘l»se\g ‘pért‘éiﬁ;ﬁg:to héif ct:'ejllAsralQr‘l‘g‘the .
R bésilérj m‘e‘r_,r'lbr'an.e is',be'liévéd to.“ratﬁe(r" clOsély abp}oximatlg ?’thé nierlr‘ibrahe.
" motion. A That i~ys‘,'. the hair_ ce"llslni‘of t‘he‘Organ éf(C_orti‘act asi mecha'ﬁicél_
'e‘;l.e"ctr'ic‘:_%l tran[s"c‘iucvers',cbnverv’tir;g the mémhrane moti.ovn into nveuraljform; :

" which thenitravels to the brain, .

1.3 ~Ti‘héo'r'sfovf_ Pgii'efn-Rec'c)g"rlitior{?- 
| At thls juncture Qﬁe‘rﬁay W_eli éék Whé't- featﬁre.i’cv 1s in the neural .

, e'quivalerﬁt 'pa'tt‘érﬁ , or:.quui'valent. \;ibr‘atiorial pattefﬁ, that 1s imbortant fQ
‘the ‘bféir@ for ré'QQGﬁitién, ‘The:re, a;re.v 5 ‘riumb'e‘r' of theorie.spi_n‘aﬁs\j/\?er . or
:f)éft:i‘a.la;a'i;swef@':to this’ Ezue_stioi,n‘?i" One of "tl'}e._‘m‘ofe: 1ogid‘a‘l‘p‘f?'1;1r§é;se'-is the
"pla Ce "theory ofhearlngThlstheorycontends that p051t10na10ng the .

basﬂar v_r’r.iembra’«n_'c‘é of sq'me_ feattifé Qf th’e vib’riao:ion‘al,1 patfefn i‘s Of' maj or

Vimporténce’to recognition, or at least to pitch determination. This )



feature i‘s'fl‘ilsually't.ake_n; to be' the’“position of'the point of m'axlmum
‘vibrat_ion;'but justj a'si’ v_a‘lid_ a spec‘ifi_oation mlght be thei'centrofd 'oft'he | ‘.
‘patt;’e‘rn';“' Although 'cyak'se’s ’c'a_n be made 'f,or"other, none’amblg‘uou‘s,

. ’f-.:,ohajraoterfstiio:featul"e_s'of the.‘pattern'g -W'e‘ wi'l_l"‘ assume that it"i‘_s the Ll

. centro:id of :the ) pattern s ha‘pe ‘that is of prlme ‘im‘porta nce B : |

. Althou:gh.' the,ovplac'e: theory is Wideliy,» .acoe‘pted and‘ o’an ‘ex.p‘lain man'y .‘ -

psifchoaooustlc phenomona,&p it is stlll somewhat 1ncomplete.; | P‘Toau"gment“ :
’f.,the place theory we supplement it w1th the pattern theory., ThlS theory »
f»contends that it 1s the pattern S shape that the braln utlllzes for .

N recogniti-ons This may bej partially“tr'ue' but it_' ha's been, noted that\patt_ern“f.'
shapes are.. much the same for a large range vof srne Wave freduenmes and .
llndeed for Jothermore complex soundso 2."\3‘ Reasonably the dlscrlmlnatlon a

‘: present.in the- ear c'ould not'be 'aoCOun'ted for ”s'olely" Onfthe ..ba»sis of, sl‘i’ght_"
: pattern :vshap"e changes .

: We therefore hold that both the pattern shape and some dlstlnctlve

' feature of this shape, (e g v the centr01d)@ are used in recognltlon., -, |

_T'he‘s,e ~'two properties may not, be of equal i’mportanoe. iyn‘lall casesi, '0.1” even

1nmost cases , v‘bu't.:bb’thlare‘ beliéved to.b‘e imp.ortant to -recogni'tio‘n 1n N

,--g'evﬁn.erﬁal(_.and r"e’oOgnit‘.ion ‘of a' tone‘v in Apa.rtfioulara |

:v As stated b’efore_, ’,t'he neural'equi'valent'.patte‘rn is sent to the"brainf L

4 .for the‘recog:ni‘tionbprocess., lt is reasonable to hypothes‘lze that the

cortex performs a sort of correlatlon between the data sent to it from the o



‘ejar" 4andtdvafaivéto_red; in thev',rllemoryo | Thisumemor’?_sh_ou«ld_ cons"i‘s’,tlofl;a file
»oflpattei”rlls.tbui‘lt up Qvera pel;ibd~of, ﬁillle as a r'es_uif of éx.periénce»' évnd;
lear'rlincj; v.Thus, »t’he‘flrst‘t‘ime :We are e'X.posed‘to'é no:lsé tlar"‘s'._ici_‘:;nalk W‘eu .

‘may fail t‘o a«chleve recognition, ':br.’achi‘e‘\“fe‘ an 'erroﬁepﬁé id’entificatioh

' Qf,_the ‘s.:i'gnélf silﬁply be'c‘a'_uékeivjt_‘he\re is :lo eqti‘iv'alent 'pa'tte‘r.vﬁr in Ouf‘ .

. memor‘yu We :Vm'a-y‘ get an"effén.e,.olls;_identif‘icatyi’on.fby‘vl_rtu‘e‘)Qf “cheffia_ct

_tl1a't,’ i.‘fvthive‘re’ -is a “s'om‘eWha‘l sli_m_ilar' ba‘t.tve‘rll invo:ur‘ lnémo“ry,i the mlndmay

choose :én‘id'entification tl_lat results in .tlle closest flt té the‘inpu"c'éighal

in :s‘ome"_‘s'en'se,, as pOs'siblgf leé.st mean-square error, ‘: |
l—ll)W Oﬁr mind. is ‘a.ble-td »accomplish corl*el“ation and the specific

" régions lhét <lo it -need“hoti conc‘e.rnl_us helre,. vIt. is vsuf.ficientifor us th;clvt .

t‘he‘ bralnls é{bl'e tQ’coﬁIpére twvcv‘)‘signals? closely éipac,édij‘liﬁ tlme, 'a‘r‘i,d"‘c(‘) |

dlscrlmlnate ,‘l_o'é.tvxlz'eel‘l félétbivély"sméllidiﬁffe’réné'es. 1n pit‘cli betweenthe |

; two Oﬁf_lo’ng term memory of any -slaecifid tone i-s .vé:? poor; We can

i(lentify only about séverl Clavs;éificél:ibvns. of pltch if‘tijr'ne loetweeh .

corﬁpai’isons is long. Our‘.svhqrj: term memory ijsl ver‘y“much Eétter elnd :

» f:a'irly accﬁl‘ate judgments rﬁay'bef m‘-:flde'.“mr'compérivng’ tll\(O ton,e‘sr Whel"é ‘thie"
o ,fs,ho'rter?th'e’ ihtéxval betweke-h"comiparllsollévth.e.rﬁér‘e 'éelai.ns,itivef'willVb_'e‘; thé
‘coﬁp'arlsén;ﬁp to a“‘ pc.)“ini:. | | “ |

jllgidiffelfe‘liclewlimen i‘sié méasgre of jus‘lfhbwﬁagcu:nr‘altelyltl"l_e éaf |

may distinguish differences in pitch between two tones of the same .



_ inj:ensity, ,‘Th,e differen‘ceclime‘n‘;-or dl; is defined as thev’srr‘iallest

’ difference in freqﬁéncy We may ésfgbiish va_n’d stlll 'éii'écfifginaté-‘betweén'
t.wé y_differe'nt. tonéso | | ' |
VT.ak.)‘le_. L giv‘e“s thevaluesof thg_l‘di‘ffer‘encg llmen f@r yar_ious",- )

frequencies for two intensities of sine waves, which are:the two - =

_intensities used in tests to be described in this report, It may be _nbfed o

that, as frequency is -ihc’r‘(eased,‘ a largér_ change is requiire_d“in-order to
“ be detec’tedl.,_f

- There is also evidence for a subj‘ec’:tivie ‘c‘hange in pi’tch'betweeni_two' ‘

tones of the same frequency Which‘haveadifferent intensities. - This may: . .-

be explained if the ear is a: péwér law déieétor with a.. power -law exponent * . . - -

o s’o‘m’eWha't 1argerthanun1tyand1f the pattern 1s asymmetrlc Plgurelz
:4-Sh'ows: -.a typic‘:al. -pa;tferi;. along tﬁé m'embra'_n,e féf a ‘higﬂ fréciuencﬁ;~;£§ne'g
’vyPig'vure'-l, Z‘a‘liso‘f i.s:«'Euowls ar‘l',b‘the“rApatter'ryi'for:‘the sémé ’the- 'rbui': at a ,‘hﬁigh_e:r‘

interl_sity, "If‘the powlel~ la'\_/v;'exponent‘is 's:liéjhtly greater’;hér‘lv u-n'it%j,_ it is

'7»read‘ily'_aia‘pa_'r’e'nt tyhat the -p(;:ttte'rn' shape -'i‘s' chahge(d‘hand hé_ﬁce éﬁbjedtifie

flidéﬁtifi’_cat’ion 1s m'odifil'.e'd.' The péitern'éh;‘t_ft .is.vfﬁeoré'ti'c':aellé}.tov‘\zar"d A
Lo hlgher fJAre,qkue'nc.,iesjf W1thh1gher 1nfen51ty andthlsls borneoutby

P experlment §1t hlgh audlofrequenc:1es4At lowef:aﬁdio,jffg‘q;l/e'rltiéievvs, by -

- ‘virtu'e bi; éi chéngé_in .th"é» ch‘a_rack:’ceri'stic .paftern‘shabé; t‘hé i‘shv,if’this fow’ard

~ lower frequencies with increased intensity, '



Table 1

Difference Limen

Prequencil Pl o SE A SR
threshold threshold
1000 5.0 4.0
1506 5.0 5.5
2000 8.0 6.0
3000 12.0 9.0
1000 16.0 12.0
ZO05 37.0 35.0
8000 38.4 32.0
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H

e

Higher Sound
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Low Sound Intensity

Distance Along The Basllar Membrane

Figure 1.2 Neural Pattern Along the Basilar Membrane
for Two Sound Intensities.
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1.4 Development of the Recognition Function

It would be very informative at this point to develop the relation-
ship between subjective loudness and the time-pressure waveform of the
sound. There is sufficient experimental evidence available to suggest
a relationship as

L= K™/ 2 (1)
where K is a constant of proportionality that may be related to the
individual ear, n is an exponent (approximately unity) and F is the
mean-square value of the stimulus temporal waveform f(t).

In generalized equation form we presume that, for f(t) small

o0

—_ Z. n+k
L= Av £ Cy Vo)l

= Av Eco‘f(t)‘ n+Cl lf(t)‘ n+1+ . . -]

> Av [colf(t)l “] (2)

in which "Av" denoctes a suitable time average. For convenience Cg is
assumed to be unity in the subsequent development, which also presumes
that Cy is independent of time,
For infinite-duration averaging without time weighting equation 2
becomes
T/2

L= lim 1 \f(t)lndt
T+

=3

-T/2 (3)

which is familiar in communications theory.
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The use of the absolute value of the gross stimulus f(t) implies
rectification of the function; the ear is known to perform this operation. 7
Although this equation is for infinite time averaging, an obviously
impossible physiological process, it is valid insofar as the averaging
time is long in comparison with the periodicities of the waveform.
To be specific we may let the time function be composed of an

information signal s(t) and a noise signal nf(t) as

ft) = s(t) + nft) (4)
For our development we take the relatively simple case of s(t) a sine
wave and nf{t) a Gaussian random noise variable. We will make the
assumption that these are statistically independent and adopt the
convention that N is the mean square value of the noise and S is the

mean square value of the sine wave. Then

F=N + S (5)
We hereafter assume full-wave rectification, although results are
the same as for half-wave rectification.
Substitution of equation 5 in equation 3 results in, after a rather

complicated integration, the loudness function we desire as,

r Qi) (N Y2 5 (2, 1,-5/M)

L(S, N, n) = r n/2) 5 ) "2 (6)

where \F (-n/2y 1, -8/N) is the confluent hypergeometric function.
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A series representation for equation 6 will result if we expand

this function as

2
® ox,e _ (x+1) x°
Fo (B x)= 1+ s 11-\-9 @+ 1) 2:+...
e
F Ay

= n=o0 é, n. (7)
where A =x(x+1) (Xx+2).e....(exX+ n)

and 8 n=§(3+1) (6+2).....(& +n)

Substituting our values in the equation results in

n/28/N) | n/2(n/201) (S/N)°
1L 2. 2v T

(8)

F (T’l’ S/N)= | +

Our loudness function now becomes

L (S,N,n)= C+n) Q)2 [1 +_£2‘- E) ']

M +n/2) (2) /2 -+

(9)
It is claimed that , with good accuracy, we may represent a sine
wave in noise in terms of a relatively narrow band of noise in a broader
background of noise (i.e., N = N' + S', where S' is the narrow band of
Gaussian noise and N' is the broad band of noise).7 If we now let the
mean square value of the sine wave be equal to zero in equation 6 and

use the above representation for N we achieve a loudness function

M (1 +n) (N'+S') n/2
2

L(0,Nyn)= PO T o/2)

(10)
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since the hypergeometric function reduces to unity. This equation will
assume importance subsequently in the development of a recognition
function.

For N»>S, equation 9 becomes

Ls,N,nj k N2 (11)

This means that, at positions along the basilar membrane where the
noise is relatively intense, the neural equivalent is almost entirely the
result of the noise component of the signal.

On the other hand, for SN we obtain from eguation 8

LS, N, n) =K's /2 (12)
This result indicates that, where the information signal is more intense
than the noise, the resultant pattern is due almost entirely to the signal.

An interesting sidelight of equations 11 and 12 is that, for n equal
to unity, the loudness functions are proportional to the rms values of the
noise and the sine wave respectively.

To show the validity of equations 11 and 12, pictures were taken
of the response of an electrical analog of the human ear to noise, signal
and combined signal and noise inputs.

Figure 1.3a is the response to a Gaussian noise input where the
ordinate represents amplitude and the abcissa distance along the basilar

membrane. The response is not flat as one might first expect because
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(a) Noise Pattern

AN

(b) 700 cps Tone Patterm

VAW

(c) Combined Pattern

Figure 1.3 Analog Cochlea Patterns for
a Normal Ear.
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the ear‘ is not eqﬁally sensitive 'fco' ali» fret;ueneiesa v?[‘hus a spectrum in R
Whieh a-ll'freqeenciee are equé'lly represented ouéht to evo]‘<e a .res.p_onee |
that reflects ekssen'vtially the shape of the'threvshoid curv;e of the ear.
Wever -ha's'; shown the_t . if we preperly shepe ,the nqiee, We éet essentially
‘a'uni‘for'mvrespon‘se 1n ’;he ear,;l His shapingi curve (obtakine'd by expexy“ie, ;
ment)‘is ,a'pbregimately the inverse of the curve in figure 350

R Plgurel.,Bbls the pgﬁefh for a to‘rie ef 70‘0'_ cps and ’Fivg.ure l 3e'viis
'the curve'f‘o‘rlthe su¥n of noise ernd sigﬁal; Asma:y readily ‘beiseeht this
. p'étterri'sihovvjs" ‘the fere,going' C;O'l’IQlU‘.SiOIllv .t'hat the__:l*es‘ultent.is‘ deééndei{t
, en the felative si‘g’na'vl‘ tO’.»noi:‘s‘e i"‘le\}elsV a’; each 'ie‘di'viciuval “point élong fche
.memlérane, ‘T.h‘e analogf’ -.e'_ar. <has pjoWer*lﬁv? d‘et‘_e‘ctgrife‘;x,peﬁeet of a ppro_xif '
mateiy unity ‘érid h}e‘nce th_e .C}’lr{vzels lrepresreet the rms Va‘lue's:'o‘f the iﬁput,_

E It may .be nOfted tha’,tv the ‘\pat'fcervn’ forbytihe 700 cy'(:le tven‘e 1s
asymmetrical., | This 1s because the ‘]c’nas‘i"lar fri'embl;é‘ne,Vibrates' ina k_Verry |

-j.characteris‘ftic" manner with frequency. At low-frequeneies the,me‘fnbrane

tends to vl'i'b‘r“ate as a "wh‘vorle _Witf; ’t\he_"max'imu}r#l-\{}ibrat_ieh} at ornear 'theﬂr;
heliceﬁreni,av;' As "_th‘e fr.eqiieney is -’iric.‘r”e‘»a'sfled‘ the' po..s‘;iti}o.n of‘m‘a{;imuni'_’

o ‘.vibl;va'tio.h ,moyes tewafd:.the etepe‘s‘c. rThe‘ 'et}tife "membr‘ane p}feeedingvthe
ma x.lmum showssome motlon butthls motlon 1s | hea’Vily‘_.darh ped further

. -along the meinbrane. . Since the firing of a hair cell depends on:the

motion of the membrane; neural pulses reflect this asymmetry, As v . ..

~ intensity is increased the cell responds to a wider and wider range of =~ = i
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frequencies around the frequency of maximum response. The neural
equivalent reflects this as is shown by experimental measurements of
cochlear potentials,

When noise is added to the tone, recognition becomes more
difficult since the noise tends to mask the tone; the result is in part
a subjective decrease in loudness of the tone. The addition of noise
may also change the shape of the neural equivalent pattern and
subsequent recognition may be modified,
In order for recognition to take place thare must be a definable
recognition function, Logically this is the difference between the loudness

7.9
function for signal plus noise and that with only noise present. ! In

equation form, this becomes

R(0, N, n)=1L(0, $* + N', n) - L(0, N', n)
=k + N2 -(N‘)n/Z] (13)

The relationship of equation 13 might be what the central nervous system
uses for comparison with the memory patterns in order to achieve recogni-

tion.
For a person with nerve damage, the neural pattern can obviously not

be the same as for an undamaged ear. Nevertheless there must be some
type of identification process since people with damaged ears can still
hear tones, however imperfectly. We learn with experience to identify

a given sound with a particular pattern shape, and if something changes
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 this shape we must changé E)urvidentifi_c':ation correspondingly.

1 5 | JVD.ipléCgsi‘s.‘ Predlctlon UsmganAnalog .QVochle'a
We rvlylil'l try to “pI'e“d:"LSJ;E ,Wh'ét m;ay’ h‘appeh_‘ ina damaged ear, with

: ?éspéc’t to recognitiéno FO"f this We ﬂse the aﬁalo§ ear 1n Whlch the'
'frequ'énc_:y response fro_fn 15 ke to 3.5 k,c.haé 5een deleted.vvi’r_h sbme
resp’onsello.st ox’_]ez; ant e;vven.w:idér range. "The specific traumé‘const_itufes
o ‘tQti_il nerve destruction over a ‘li'-mite‘d‘ region, While the res-t‘ of the’
coehleé réméins normal, " (Tl'.lis;tAYpe of destructioﬁ can resﬁlt from
eXpoSure to‘ pilre fones atv high intenéity »lévéls. 2‘)

: Pi‘gure‘ 1. 4a{'i‘s» a traciﬁé of a photograph ‘of the res.por»i'sve of .the'_r
darr;a'ged analog éar ;to..no.iSe _Which may'beﬁ ‘crijmpared to Figure ll, 3a f:or
the héal’_ﬁhy ea.r':. : Figilre l 4b is the patte“xfn foral ké foné,‘which is é,t‘
' é‘fréq'lrl‘ency beloW ‘thfe'damaged-_area; ‘ Figﬁre' 1 40 is the resultar‘lt of‘ :
j pqise énd the 1 k‘c‘toné.‘ We may now perférm@.ﬁr sﬁggested re_cog‘nit-ion; :
} fAuncti.anon the resulta;i»t,‘ -Thi_s can be don_e .W.ifh ak graph.icé(‘l procedufé ‘
as As:;hown‘ in :Figure 1.4d, Cfo,mparison’o:f Pigureévlg4b an’d d.sh.ow‘-s_‘;hat ‘
) , t‘helk céhi‘:rdid of t‘he’ patt.'ex;.n hal's been .shiftédto the iéff, V\é]"liCh correspond’s“, :
: 'to. a iOWer_ frelqﬁe’n“cy,, ‘al.théugh the pa:ttéfn 's:ha‘p’e 1s nét '.mdch‘ élterégio
o If ‘;the‘tOnab'l: f‘rééﬁeﬁcy is;above the ‘damage, thén"whe.‘rvi nbisé‘i;s‘.
' aadgd ian'.d the-recogniticl)n:_'_.flinc“lticva 1s "c‘;bta:fned, a resulta nt shift Au‘pwa‘r"d' . o

_.-infrequency is found. Figures 1.5a, b, and ¢ show this in the.same



Flgure 1.4
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(a) Noise Pattern
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(b) 1 kc Tone Pattern
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(c) Comblned Pattern
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(d) "Recognized" Pattern
Analog Uochlea Patterns for an
Bar With Midfrequency Damage--
Tone Below the Damage.
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N

(a) 5 kc Tone Pattern

S

(b) Combined Pattern

AN

(¢) "Recognized" Pattern

Analog Cochlea Patterns for an Ear
With Midfrequency Damage~-Tone
Above the Damage

Figure 1.5
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sequence as before, as pure tone, resultant, and recognized pattern = o

. for é,j:b\he "c‘>f 5 ke, l‘The“.r'io,J'.se_pattern is_y_.the_ same és 4i>r_1"t1‘,'1,e‘ ps:evi‘vbi.is‘ ,
eﬁcﬁamvplee"v | | |
‘<Pé:1*hapé ayvmo‘ré- cbn_nnmbn'typr.aﬂ impéirrﬁent is the lbss'of .s'enSi'tiVity ‘
- to 'high‘eAr fret‘zuencieis,:‘é"si i,'-ﬁf»p‘re,s,byécus'is-_. or in jsome’if,o/r'ms of injury - |
caused by 'il':l'ness. Th.ifs. form of v_da‘r'ri’a;g'e is ﬁsuélly-characterized by. :
- little or ’no‘ léw fredue;&?:Y lc;scsi andbyanlncreaslg Los S. Wﬂ'h increa sing
freq‘ueﬂcy., |
‘I‘n order to :simuléte this type of damage on the cochlea, -fthe-gair’ls
of the v'a'rious. sectipns of the analqg of thé cochlea rwer‘e ‘adju‘ste‘d to
cjiveﬂa li.nea'r,'l‘y increaéing loss on a logarithrﬁ'ic basié siarting bat 3. ke
“and éxfehdimj to »10.]_<c; after this point th‘e 'igss‘ywas maintained .
constant at ébéﬁt 901 per cent.
Pigur‘ev ,1? 6a}' is the?'r-esul‘ting' ioattern d’u‘Lfe' ov‘fqu‘to noise.. Comparison :
With thve. pr'eviojus hoise“ (forl a damaged ljégion at rﬁidfrequéncié‘é) shO‘Ws .
considéfable differéncen | ‘T‘he‘ ‘cbdch’léa was driveh —rather /Ei.n’t"ehsely"in,
Qrder_ to a'kc;,hieve.the‘ 'r.e.s';u”lt ‘pf Figure 6a,j‘what v;fas once only a small
| “portion of »tﬂé total noise 'p'a‘tééurn' néw c‘ohsfz;tutes almc‘%s* thé'emi‘re.‘
‘p'atte.r,‘no_ ' | | |
Thé pure fohe pattei"n isﬁ also vcéﬁside'rably_‘alte‘re;d., fhe‘re 1s "s,o. '

'- littivle_ high frequency response that, rather than the characteristic

""asymmétr‘ical .patte'rn shape, the patterri is almost 'symmetrical‘;. Itist S
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(a) Noise Pattern

-

(b) 3 kc Tone Pattern

-

(¢) Combined Pattern

%

(a) "Recognized" Pattern

Analdg Cochlea Patterns Characteristic
of Presbyacuslis--Midfrequency Tone.



“thus séén'thva‘t Qheﬁ‘ of tjhe cluéé to n'olr'vtmal't‘fécognﬁi‘ti‘dn may have been lost |
in the »a_ssocviate'd neural process, namely that of p«g“ctern shape.

Pig_i.ire 1. 6 c results from Combiﬁéd signal'and noise aﬁd 1. 6&
-,js‘h‘ox;\'rs the pa’r_'te‘rh Whic‘hyresults upoﬁ applyin‘g' the gfaphicél vre'cogni'tion
fgnc%ioﬁ wh'erel, supérimposed on this paftern, is the original ‘signa‘l
‘p»a14:‘ternv°v In a“ddition td less signal intensity because of normai 'maéking,
| there is also a 'centroid shift, The éhift is thard the.righ’c, which
COirfés poﬁds to a shift toward a higher freqﬁency,

Shown in Piguré 1, 7 .Without “e-jxpl‘abnation are the vainus patterns
for a 10 k'c tone under id'en't‘ic‘al_noise and dar'n‘agei conditions as “f’or
‘ Figﬁres »1 , 6 Again the shift is-towa‘rd' a higher frequency.

One mayvavsk.V\’rhy‘in this E;ase tlh-é%é_iip'lacusis is always‘upward
“while in the pre'vioq's case i’)‘f‘midfrequéncy damage the ‘ds";placu'sis«
kdeperided' upon '@he fést freﬁuency in.relation to the position of maximum

1c;sso A close study of thehoi‘Se pat“ce.rn shape is ilmfornr_l-:—i1:iife°

In brder‘té'ac'hie\}e appifo'x,imat'ely fhe s’arﬁe relative mask‘iné in the
'_second. caée as in the fié*st, ijns‘icierably mére low :frequéncy noise is
:réquired Whic,h;‘effective’ly sh'ifté the noise battern.va’l_on‘g the basilar
”‘mem.br‘a’n.e’ tow;ard.the _helico,thre‘m.a‘, rv_[‘hiis meiaﬁgf'that;.for tonal .frequeﬁ— s
'V.'c__{es 1n tfle déma‘géd ar‘y‘ea‘; fhé noise’ en‘vé‘};;oiae‘ is largely to th.e‘ left of the

’sighal-pattei"n; Therefore .the ’recogniz'ed pattern is shifted to the right.
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(a) Noise Pattern

AN

(v) 10 kc Tone Pattern

(c) Combined Pattern

BiN

(d) Recognized Pattern

Pigure 1.7 Analog Cochlea Patterns Characteristic
of Presbyacusis--High Frequency
Tone.




"o In the first t;asé with localized damage the pattern is relati\}el :

uh¢hénged and héhce »a’goo'd .'_déal of the hois‘e-j pattern is to the right of.

- the signai ‘pa_ttern when the ’tc‘mé-is lower than the damage. Hence the

diplacusis is downward., Wh.eh‘_the tone is above the damaged regiohr
o "thé Situafion‘ ié»’és.sem'.:ié:lly reversed and so the d:lplécusis shifts to

above the reference tone. -

1.6 . Summary of Theory of Diplacusis |

We vh\ave"tr'ie'd to show that the résponse of a hair cell depends

24

. rﬁpo"n its place, along the¢membrane and the intensity of the vibration at -

‘t,]_r‘iét pomt ﬁ.‘he nef_ efﬁegﬁ is‘thét i‘nd}’LVidual héir cells ‘ac-t as if they 5
h v;re:r:e samcwhat 'sevl‘ectiv:eiy tuned to,'res}por‘lic»l bmlofe‘»a féédily to éertain »
‘frévql_lelnvciﬂés than to p’.’ch.ers‘,‘ épd the 'fz;eqqéhcy of the ma‘ximuz’rnreslponse
1s a fuihct;iilgp of ’th‘e'pbsi‘-ﬁton' of +he haif c'eil a;long‘ the membrane.
. The re:sul'ta’nt,ne?Jréyl pattern éonst:itutes a 1‘éas§1iably accurate

"»re.presentati‘on of the motion of the basilar membfarie,:and it is this

"neurél"e_quivalent ‘pattern that the brain uses for r‘ecngﬁtibnl CIf there -

o occurs a change in the characteristic pattern shape for a given sound,

as.certainly occurs with nerve damage, there will arise complications =

'in pattern recognition until a memory can bé “organized™ for this

- d"isvtvortéd pat’tern; The brain, in ‘perfo'rm'ing‘recoglnition with stored

information, is forced to woxk Wlth imperfect ‘détaf such ‘thafc_ a slight -
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;char‘lgéz in the neural pattéi“n I'na‘y p’rod‘uce‘récognition error., If the chéﬁgé
i 1s Qi’oss,@ normal recogn_itibn éan hot ‘take place and.all we ‘hear is noise, |

It "may'fléls"o blehypofhesiéed‘ that the V’information sent to the coﬁex -
c{oritainsv méﬁre_ c-lueé _tQ r‘e’canitionn fhan“are_ 'actu‘ally'rev'quired.; It ié theh
Stlll pc‘)ésiiblévto éichie‘i‘/év cprr‘ecitv identification;ﬂei'f‘en thglugh dne or more
éf thecluesls no‘t‘pr_eéér}j;. i‘n_the péﬁra‘l' ‘si:gnalv orii;?s -somehow lost in ‘_j B
1‘Elrlaxn"sm.is siqi’;a ‘L'o'é;‘s: of s»"v(;fhe;.nu_m:bievl‘f’ of'fhg.‘totalitj' of.c':lu_es Wiil_ ‘in'é;l‘y'>
| event rés‘l’l,lt 1na "ijatnte'r‘n‘ lelich,‘d,dewsv not prémb‘_cyt:e cérréct.ideht_ificatidn,.
- Of course,, a‘changeﬁiih' any of thé Clu{éé"'pfr‘eseﬁt‘, m the pattern makes |
éorrect"ide-rlltif.i.cation more di.fficul"c.; _ | o

' ’4An3’7thirig that prodﬁcﬁés change iﬁvthe ipa"t‘t'ern, such as noise~
induced disioﬂ_:ion (eg A 'péftial masking), ;)}j.ll clhange‘the rec’ognit‘ioh
functiom “It.is one aspect of noise—induc‘c’ad\ chanée the;t we call mohaural‘
diplacpsis., If our,és“sﬁniptions are correc"tt the more imperfect is tﬁe neural
equi'\;'alent 'paf;cern, thét is, the mo'r'e.ex.t‘erisi've is the 'nervé damége, the .
grea:te.)r Wi_ll .be the subseque'nt change Wi.th noise addition. Because the
. ‘chahgéd neu:rall pattérn 1s reCOgni_Zed‘as'aﬁ tone of.a‘ aifferént pitch, We‘

© have a méasure of nerve damage in the pertinent region of the cochlea.



CHAPTER TWO '

DIPLACUSIS AUDIOMETER DESIGN

" Thé diplacusis audiometer consists of two major parts: ‘an audio

frequency sine wave generator and a white noise source. -Both basic. -

circuits are straightforward.

2.1  Audio Frequency Tone Generator
The main ,requirementslfor theaudio oscillator are that it have good . :

stability and that it have adequately pure sine wave output. One Wave—”

form generatin‘g .circuit.that has these feature,s-“is the modified Wein bridQe C

oscillator. - In this circuit a two stage I*‘flat“ amplifier is*enclosed in

S a frequency selective feedback network With p031t1ve feedback from the.

‘ plate of the second stage to the grid of the first stageo Due o the

- - -extreme frequency selectlv:ity of the bridge 01rcuit 1n the feedback loopb )

"'}there is hig‘h- ,re_jection‘ of _undeeiredﬁ_s_,ignal; frile,quenciesv«co_mpared With t-he‘ ‘
's,electedj frequekn'cﬂf, Tyhe' result is a very pure sine Wave of the desired

' freq'uencY as lcng. as feedback is limited so that the.circuit is not

- ‘overdriven and distortion introduced.

~ An added attraction to this typé of circuit is that it readily lends

. itself to the type of modification required for the present purpose.
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* The actiye circuit used _h’ﬂevi_'e is‘_b)a's'i‘eally:t‘hat'of ani Eico made,‘if': PR
4 377'aqdle ge{le‘lj‘ater,‘f Thls circull prov1des nearly constant amplitu.de;-m
frequency ehafactefi'elies with geed frfequenlcy' st'abilitér;m 'Thefiriclus_i‘o'n
bf‘\lfvalrviable .,negal:ive.feecviba.ck _,iilgl;eases j;che stab‘illt-y:of the -'gai’;r Of th'e
.oscillééto'rv .cir‘c:Ui’;ﬁ, lﬁCoprr.ateclirl the c’athlovde'of fhe _fili.srt stégé Ofthe
,OVSCi.lla‘c'ef"i‘s a re‘sivs:“tor::wi‘thv,a; }P'o'si"ci\"z,e Ifeﬁ}peratﬁre coefflclentThls ‘,f '
‘prod'uce'sj.‘cat'hode ydege‘ne:r’ativon.'to ‘ke'ep the tube Vepera_t.ing in i’.c"s‘_-li'nearj'. e
- ykcha‘l’"acteri"s‘t;ic‘regieg; ._ I_Iltfkalso...h‘elps"to fna‘i‘nt’aifr‘i‘a 'clohet'arit' ogteﬁt
: azﬁpl‘i“’tudevrla‘rlcl"as Slléh‘goﬁsfltllfes an alternateto star.ldalir‘d AVG - o
‘ te.chnique‘s‘;“» o |
. It the 'res'islors’,i'n’-]Qooth.branche’s of the'jfeedbaek loop are ',equa._l. O
and the _tw'ov capacitor values ’are likewie,e equal,’ the freqti’eney‘ deterrhitled R
by the-‘.feed_bac.:k netwo.‘rk. 1s ,propel*fclolia‘l' to the're’cip‘roc‘al of the predu'et _ef:__
resistarlee.al:icl ‘cap‘)a‘eitaliceof 'V‘aluesr ‘e‘f’he‘slen ate. such ﬁthafc_t’here :i-s. rea:l'lze'd- »
contihueus'ffequency ’v"alnﬂiation‘frem 700 gps_te'vlell above' thé n;orl_ﬁa’l_ ,. . ‘
: r.,&:‘ag‘dio range-‘, | | . o
| The' “feeolback ca'paei’lahc':e‘“jv’Cei"lsii"e"t\s.’iof' two sep;a’r"atie ca VpAa'cit.ances ‘iln‘._.; -
n,pafallejlu: Tl’le' larger ganged ca pa01tor 1s always 1n the loop ; _the.sr'_nlallerr-'

var‘iavble'_ganged' capacitor can be szjpch‘.edvfouF of the circuit and replaced:‘--

e ‘with. a fixed padding qa‘paci‘tjo'ra‘ 'The padding eapa:c:lt‘ors can be yadjuate_d“:

"'Ws'o.‘that',‘ when the sma.llefjgangec;l ‘capacitor? is s.e’tfatv its-rrlidfvalue-,’ o

o sv\_r‘itqhi‘ng between the fixed and variable’ eapabitofe produces ‘n’o" shift .
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in frequency. ‘Thus when the padding capacitors are in the circuit a
. frequency is obtained that may be interpreted to be the standard or

reference tone; this frequency is dete’rmined only by the setting of thle.

" larger ganged ca pac:i.‘tOrv.tf:. In'the other switch: positien, the smaller -
- ca pad'itor,éa'n.con'l;inUOus'-ly vary the fréquency for a considerable range -

»HlbelOV\}nan‘d above the'fée:f‘éﬁfe‘zilcé fr.equeric';g W}Tn thls si:rriﬁle modificétion, |
theré 1s obtéine.d a4Véfiébl“e'it%nre"(é‘z'l‘”'é'ur.l_ci'j; éfééé.léc"tjeéi‘reférenc,'e) for éasy .
and rapid Cbmpariso‘h to 'tyhe reference t‘or_iev,,.

A cathéde—followéér is used for .the_o‘u-tput_‘ stage. The desired
frequénc'y is fe‘c‘i frbm .thevtlwo.' stag"e ‘ésicillator éircﬁiit, through a vari'able‘
gain conirol, to the -.Qatho\‘:l.é-follower,‘." ThlS 'stage‘vis’r‘equire.d when the " :

_device is used with a low.impedance headphone set.

- It may be noted in the circuit of lF'i.gure. 2.1 that there is a fixed

" ’a't'tenua'tor'idfi the standard frequency path while in the variable fréqi-le:n@‘y S o

. p‘af}i'thére is an édiuis'té]c;le 'attehué"tor; : f‘hese’“alfte.‘n'uafbl*s all?Wﬂ’ a _rﬁétch
- be}aw\eé"n'»the sub‘jedti,vne Alioudnrﬂless of thé”vt‘;/vo fbnés ;EO‘ be b]ﬂféined When
noise i}s‘ sulperirﬁposed. This maneuver a_lllowsj,for’a Subjective deérevase
"“in"'t‘hélinte;isit’y“ "éf the‘tone with the addij:idn- of‘ noise —— thls ,pfevenfs é‘ .

change in intensity from causing a subjective change in pitch.

- 2.2  The White Noise Source
- The noise souirceﬂés shown m Figure 2.2 is a ground’ed:—gfid

thyratron in a magnetic fievld.,‘_This type circuit gives the desired flat
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frequency.:'s pe‘ctr'und ahd is well knoWI‘L.‘13 Dlrect nrleesurerueutsverifyv_
a flat atn'plitude-;ftequency charactefietic over the ra‘r,lge‘:lOC‘J'Cps' to 16 l<cpe°“
- The mégnetic_-'field supr-esees resonat‘e'p‘ea\lés' at frequehcie's coi‘i”espon,d:lug_
‘ to natural oeci‘llayt-:iyo,ri ftequ'euciee .of the "ga“e .ioh:_s 13 The Vrr‘lagl;letiovfield
al‘so :lhcre‘a ses the geherated.hoise: le’vel. B |
The no1se s1gnal ls neveltheless relatlvely lovv level ( 27 volts
rms et the thyratron plate) and si nce the SJgnal Als Subjected to
:con_sider’able ‘gain 1n a latery stage r extra ; pr,‘e_céuti'One are ',takeni to‘reduce '
'env 60 cvcle’ 01; ha-tmohic pi’ck';—upe Au‘ex.tra section of RC filtei"iug iu the
power supply fOl the thyratron insures negllglble lZO cycle hum in the
. “"p:l}ate stl‘pplygr (ThlS f1ltel also prevents generated n01se from appearmg
: in the os c1llator c1rcult through power supply feedback ) The maJor ald
- tn mlnlmlzmg h‘um is reallzed thlough use of de for the thvratron fllament,
A separate rectif}ier—tilter co‘mbina»ti‘on. su-pplies »the teclg[uired“6 volte_ dec. |
‘The noié'e stgnal is 'fd::tfect-coupled to the ampllfler 's,ta'gef° ~This
. stage plovldes e voltage gal in of approx1mately 200 and the 51gnal
| strength at thls pomt 1s 4.6 volts rmo.v An'eittra ,sectionof RC powet
supply filteri“ng is usedlwith_ the amplifier "‘for' dec‘_ouplin'g purp'OSeS';' -
.oﬁé_'étjage bf noiee.émplifvicatijoh is suff'ic'le‘nt adid the noise is fod
: to a catho,de';-fol'loVVe:‘ output f"s':tagfel”. ; The:‘c‘athode’—'fol.lower causes a loss
_of’a-bout 10per cer}t and ‘hehce_‘theﬂ maXLmumnmseoutput is 4 volts rms ','

which ig s’uffi,.cient‘;‘_ )



Affer th-e‘cevthle‘de fello‘;/ver',v the sjigﬁal—noise comb.ina‘t‘ien is fed
fhreeejh a 'vafiable serive's‘ ette~ﬁuatof, to t’he switch fnentieriedz‘in-cor‘ijuneti_on’ N
with tﬁe audio oseillaterl. W’oen the sw1tch is 1n the:. position fc?r bres’eﬁtiné" A
. the’ \‘far‘iable fone,ffhe nei,sevis also presented,, In. the other vpo_vs:itien ‘onlyyﬁ
theﬂ eﬁCOrfupﬁed feference tone is presen‘-ted, :'Subsequent t’o' {the swj.tch,
the refefen"ce tone suffers a ‘fix.ed attenufat»ion Whilev the .cem‘b’inatioln
| :,ve‘riable tone with noise has variabie <";1tte£n.1ati_(_)no By this means, ;;he

i‘wo. ’t.enes ca‘n be.vmat’ch‘ed 1n i.ntensity' before an aftempt is made tomatch -
* pitch, | |
. \In’.:f'he' wiring ef't'ﬁe noise s‘o'urce',‘ eai’e must be t‘ak‘eii to minimize :
r straiy, ele.c’jcre‘sbt_atic eoupling‘, A 'rn'e;t’a'llicvshield ,between the ﬁoise souree
and'y ’the rest of 1ﬂ:hei.'c~hassis. is empleyed andv shielded ‘hook—ep-v;rire‘is"' o
used for‘a.li‘connections te more distant parts of the cvhass‘i,‘sﬁ ( Of'couree,

care is exercised in the layout of the wiring.

2.3, 'Add‘itionaltT‘e"snt Equipme nt
In ca sei/s} of extfeme lheéring:“ lees . t'he eutpﬁt, of the audiometer ni’ay;
be insuffieie,ﬁtyv to prov;ide a signal fhat i:s'Z'S db e]eeve threSil#old,._\'lIn efder' ;
“to br~oyide' suﬁficient sigﬁavl,strength in‘the~ee cases- a s'ep‘a-rate amp‘lifier . -
: mus’/t be USed. The aﬁpilfler employed 1nlexper1lmentatlon “was é Knlght
'.._'mod‘el .'_520 Addltional Work had to be doﬁe on thls ambllfler m order to

-"‘r'_"educ.e the’"hum to an a'c:céptable--lexfel Addltlonal LC flll:er1 ng was .

: supplled to the powu supoly and d(, fllamen’cs Were added to several of




' th.e‘ highgam btages The smallamoun’n of humthat rema medwas
" v.e\:(i‘d.er.i't'ly introducéd. su‘bséquént’\tb:the _.géin cA;ont'.r_ol‘Cii”cui"t a;ld 1twas ‘
. ,usué-ily ma s]%ed Ey any 51gnal ) In anyfév'eﬁt‘, -att.‘s.anu'a'tiors,.v've‘re :used

’folloWing t‘he ainplif-ier' éndv We_fé sét SO, t‘ha{t-.this‘srhallv amourﬁ: of hum

- was ﬁ_ot cietecﬁéble'in .t;he signailhpres‘ented;t‘o the éubjéct; )

ib,._The a&:tenuétc&r:_fpliéwiné ;phe a‘mpl_ifier‘was a Tech Laboratory
model 350‘—A, By mééﬂ-s of ratt:e'niia\tor 'sett“ings ' sigr‘lal‘s of known
'intenéify ébo’ve thr_eshold’ cég,ld:be pres‘éﬁtéd to the subject.,
‘ "‘Por'signél présehtatiqn'to t'he-_sﬁbj_ec't.,,‘ h‘eédphones‘ were used.

These W‘er'e‘K‘riig‘ht .m'ode‘l"‘8}4'0 dyﬁamicé phbnés 1n Wb.ich,only lone of thé )

pair of phones was connected. In this manner the signal could be ..

presented unilaterally while the contralateral ear remained. covered so .- ' . [

~.as to. seal that ear from external noises. which tended to distract the

" subject. -




' CHAPTER THREE .

. IEST PROCEDURE

31 | Procedufé'ii?oiloWéd 4in']'3vipl‘acu_s.i‘s "i‘ve'stit‘r;‘g

N In order ‘to iﬁé«é.sur’e mdnéUfé; di»_piacu‘s‘izs‘ ,,' a.- su}_ojec_f 1s asked td o
; _"myajt'c,h in pitch a 'p}':l_rt'_i‘él_'ly"r_i}'aS];:ed tonewfah érj."dm’m’a‘s‘ked--foﬁe.v_,;v“bb,tl'zl of:': 4
R _\.N‘hvich_ va‘\lf‘é -'p:reSe‘n"cv(fad'u.ni’l.a;’vt‘e‘rally' to the ;;am”e". ’erarg »The ”cesd: 1s conducted v |

in the following manner,

- First vthe_t_:hre’shrold_‘oif the subject is -f.ouhd ’aﬁ each frequency tested. -

" ;' The‘skf‘i}g‘hé"l ‘i.S“‘.il'ltye.'_v[‘,;‘upted by a switch, the galn of the afm'p,l'ifi'er'}is"x,iarie,dé' T v
"'-.‘ar‘rl.d' £hen,the ft,c‘)rieb 13 réinﬁ;r Oqﬁqed’tégtﬁeiS;U].;’lje'}ct., : ThlS brdCéQS_’_is 5
. Gontinued until ths subict cah barely detect e presence of the tons;
| T;hén.,~by méans~<°:f.'thé’-e'?‘t?énuaf;_cﬁré Callbrate din db  suitable L

/ sound l,eVe.l\,'a‘]oOVe th'reé'h_old is~’éelegtéd,15- and 25 db in the ‘p14esent casé. -

: “These"\‘fa'lues 'air,e"éhosengbéc;'éus.e.they_are enough above threshold so that o -

* fhe tones are readily di'-st‘ihcjd‘is'hab‘le‘aﬁd ‘can be méﬁtdh‘ed in pitch but are: SRR

~‘riot so intense that_overldading,,-- adaptation, or fatigue become factors in - L

~.the ..fﬁeasuremé;ﬁts{;‘ II.n"add'i:tiantd th_.e:é'e‘considéréti'ons.is' the fact ‘t.h‘at"v_';_, R
' diplacusis ténds’tod‘is}épﬁear at higher inte'ns‘i-ty levels (Which’qéri_.be :
- predicted on the basis of patt”‘er'n"saturétioh,_if'nf the centroid region due to

34
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achlevement of maximum flrlng rates of hair cells) 14

-To'this s‘tgnal is 'added’ _the'noise t/vith sutficient ampl‘i.tude to -
. ‘.'partiall}./'mask t‘he‘to_vne « The _s'ub'j,ect is’ th)e"nj required to match“\_tn pitch -
- th,e Apat‘tiallyma'skved tone- in one ':po.sit'ion of his control sWitch ,With'the'f
"."pure tone 1n the: other swztch po‘51t1one B S
The subJect can vary the pltch of the partlally masked tone by ,i
‘ .‘mean's.' ot a" ca'llbtated dlal- -This. dlal presents a blank face to the
o v‘lsnbje“_ctand h’ence-gi‘vels: :hlm__no .vi_s.ual clues for picking the "‘correct“ .
freduénCye' | E "
| Wlth constant comprlson to the standard tone the subject varies .
“ the pitch. of the masked tone untll he ]udges them to matched 1r1 pltch
-By'bra'cketi_n‘g.‘ the poi‘nt of "l_oesty match a fina'l_:‘choice is obtatned_ that is
th‘e'result;‘,of s‘e'v’er-al"dec’lislons;jand'th‘us t‘he_‘\;ati'ahilitf of the final
: choi-‘ce‘m.ay be reduced |
‘, Whe,on'the:'s‘,uh‘ject"}announces"h,is final choi.ce the operatot 'teads,‘
.theg ca_llbrai7ted_dial‘ and shhs-eqnenth}‘convert‘s:the ;reading to a 'ffeduency
'valn’e‘,f'; - B
" This same proce:ddneis ‘fol‘lo'wed_ for each of‘the "tredt‘l‘encies E
’jtest‘e"da. .All- ,te._sts‘ afe conducte:d'v'in ablqtliett:vsound. t‘reat.ed‘room.; _Results.‘

~will be discnss"’ed in the following section.



- CHAPTER FOUR

- EXPERIMENTAL RESULTS

I(:“)n -the followind__paoes are presented the»results 'offthe-diplaousis
te_sts‘ on 31x pversons,' In mo t cases the resultant curve 1s an average of .
-Iseveral tests; differe'nttest"s of the same indivldual were ‘s-o siim'ilat that.
" such averag'in'g vvas permis’sibl_e., | |

- When the tests vvete begun it 'Was felt that testing at fonr fretIuenCies', :
1. 5 ke, 3 ko, 4 ko, and Sko and two. 1ntens1ty levels, 15 and 25 db above-_
. threshold Would be sufflclent for testing both the audlo”neter devwe and
_Vth’e t-heot*y° -_ The‘s—e partioulat,fi”equenoies were chose'n since nerve damage .'
‘nsualls.f oconrs in this. ‘ran‘gé and matohiho pitches is not t.O'O dlfficultg As | " "
a result of the early temst'ing, it was ‘fon-nd .that_the addition of two higher-
freqnencies_ ;»6 ko and 8.' k'c; ’ added.' c';on:si'derahly‘-to determination of_-the.
';Vnerve losrs‘,"‘ l—leno"_e "Son‘\ie of the tes}tsshoxivn have only fo.ur_'teyst ;_ooints

~ while some of the others have six.

- : "40 1" - Diplacusis l\/leasufement‘_s_-‘in"the"NOrI‘nal'"Ear

In order to demonstrate_ﬁthe ipra'oti'c-a_li:tvv of vthe'avud_iometer,' the test

o  was- first afdrnini.stete:dto tw_o.'pe‘o;,ple V\”rho: showed no hearing l.OSs“ with the’

- standard threshold a'udiogtam;_ If the theory was correct (assuming no

36
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' ma jor péttetﬁ' ‘as"ymm'etry' for the ﬂbrmal é'atf)‘ _atnd thé a(udio.“r‘netelf t;orrectly' -

desigr‘led',‘ thésé s_ubj'ects sh‘otlldi'nOt ex.hi_bit‘ arpp_re-ci‘éb’lé dip‘ladus"is‘l;‘

)‘véurve 1app11estotwo subjectsat 15 d'b"i'rvtte'énsit? ayb.otfe‘ threshold. v:‘Tt‘le

boundlng curve"‘s"'s‘-hisw: t;’hé"d::t-ffet}e‘r‘klc\‘;e llmen(whereplus or mlnus uncer- -

: ta‘i:rtty, ;a‘plpli»es) for the te_i‘le"‘\}ta:a‘nt'é‘c‘)u;rid. 1nten51ty The 'ciipla':cus‘is Curves
glvethe Am‘—ea‘:“sttr_ed frequencyshlft and nelther éugve hays 'va 11:.165" _gféatet -'7 |
k.thanfth’e‘;d_l; - R b |

| - Qtlrve 1‘_a.lso .shoIWs_ results vfor the Sémé tt/vé subje{clts_'-gt 25 db
} inté'néityo | Agalnthe '-’b‘O'L“lvl‘v‘ldinlg ?fgﬁrve"s : éhow the relevant di. The
s’tiiojects ,‘i‘nv_t'h.‘e testé .of'iCLt:rve _l_ipeJ‘rfbrmed Weli e-tloué}} J.Eo 'giVe ‘sot'ne :

confldence in the j‘d‘esT:ig’n of t.he: ’é'ud'ié.ntétéf.,‘ A“ls‘Q tltes,'e_results R

. demonstrated that a .pé.rs on with ncs bﬁkérr:'ve dama ge shows iittte or no

' d1p130u515 ‘-..-The thresihold‘é“udibg»(ram' .i‘s ftotaﬁis'.o' sh‘oWnAn Ctlrve ;l‘ S

" because thére was no measurable hearing loss in-either subject, -

4 2 ?Dlipl‘aclusisv in theEarWLth Nerve Dama ge
| Cttfvé.'s tx.N’o th‘r}oggh"f’o:url\are.‘t:he -re'",su‘lts of tests ox_t;?iersolns who ‘.
suffer from varying deér‘eés bf .,prejsvby_ac'us"i‘s..;,"ot “high fre(gitléncf h’éérring‘ . o
'l,i\‘l.oss, ' Curvesof th'e“ 15 é{’nd 25 db te%ts' for each subject'airre' both shown ’
‘on thesame .é‘he“‘etn}‘ : ’A'll’so‘féhoWﬁv ort é’ac.h-‘fcur.‘\ife ’s’heet 1s the _thres.hol-d: | -
e audLogram for the subject |
| LIt is trtteresti’rig.» to .‘IlCilé,itOW Cldsély the curves tot the t\»/vo.‘ o

iﬁtensities (15 and 25 &b) are rélated; They have ‘thé,same general shape



o and it is ohly a shiftale‘hg the axis Wthh s_,ep'arétes t‘h’e'm. “
The chrvesAf‘er the;‘.higher intensity aipp'é‘l."ently' a're"-‘r'no're regular, |
‘ prohably b-ec'aus‘e', et 25"'db, the signal .is> far enough ab‘ove.threehold
- to 'prOvid_e,hette'r ability ih*rriafchintj the ﬁitch’of the two 'tohe‘s., In éome-"‘
':*‘ease's"th_e'}"'subj‘e"cytye commentedthatlt "Wass' ffeiétive‘lﬁ/diffi’ciilt toldist‘inquuiéhr R
the 15 db fohe Well enough tobecertaln f'of the match.; , T'hes‘r expre“’seed " !
mov-fej v‘co'hf'idehce:ih‘the match a’r hlgher 1nten51t1es alt‘ho'l_l-gh t'he r‘esuits
for both eas‘e.‘s’ ére generally 1naccord o | o

| The thrv"es'hc:‘).ld ?‘auci"iegremsb’fei” the three.-'suh;‘ie‘efs are also :plo%cted
of th‘e 'i*eehpecti\‘le-chrvejeheeteav These lcufves 'showwit‘hev lose of.sensiti'vij:y‘
éf» the :eér\vte "c‘he‘.‘s:e‘liectéd fr‘eqbﬁenciens“due t‘o'ner\‘f)e 'dz‘alnag,e 1n com’pé'r‘i‘so‘.n‘ '
_ W1th what 1s 'con'sidere'd»to be “Y“horr‘na‘l‘., r | o
AS péstulafte)d 1n the %:heory__, the ameuhf of f‘fequehcs’,‘ :S‘hi.lft“doee.
- | mdeed a;epearhte_ béér a dihect reletiohehib to ne'rv_e giéfnagebll‘ ‘j‘It is also

evldent tjha’t‘,‘ if thefe 1s a c‘:on‘si‘s?te nt loree at hlgh frequehcies ,"the
. _vd'ihl.e&cusis'ie u.pWard,, In genera'l, the: défcéyc.ohfirm ‘the hypot'hes'is»h
éurve iwo}u' has one feature_wrorth fu_rther commenf T_his is’r"the‘~
fact that the diplaeQSis a,u:diog"fem s-hewsv'.less~ ‘injqry,' at 5 ke“ahc.i rhofe
at 6 hcihah is imp-liedv'.h’s} "the thréshOld aukdi‘ogram;
We know that nerve ihjﬁry 1s so;hetimee non-uniform in th"e‘* C’oehl‘ea RS

"Tha;t': is, ’the"re may be paﬁéhe s of almlosyf‘herm‘e_l_} ha'ir ‘c‘ell‘s ‘a‘leng‘ the -

K mefnbr‘éhe'in"even, the most severely damaged ear. Conversely there may: ‘



- ' .
: allS‘o‘,b'é cﬁoxﬁ’pl_efely deéde"n.e‘d patche Sk;'a movr’lg‘ otherwise uﬂifol;m_ly-,"aﬁd.._ b -
’péft'ialllyv;-aa,rﬁalge.dlaf'eas’.‘ ‘The thfes,hpid A,au:d;i‘og'llfa_in_ 1Sfelatlvely1ns e n S:il __ R
'von' the Othe.f.vhaﬁd‘.dipléCU's:ivs.x‘i's' rather sensitive ;EQ tﬁés;'e minor g .

variétibh_s since e.ven‘ élight irfécjularitieé shift the ne’ﬁra.lv eqU-lvalent |
pattern.

It 18 appare :ri_'fll‘y;‘der?l:oi'nsugtlejd .that, the diplacusis ‘?‘uéi‘ometer izsl»_a»' =h
muchmore sens 1t1ve 1nstrument for 1ndlcat1ng nervedamage than 1s the

a ¥

. "c‘hresh“oid -'audiograrrie

4, 3 - 'A ;’S‘peciél Case o‘f"N'ervé Deafness Dlplacu51sMeasurement
>A métst‘intéié';sting'case' of’a chaﬁge 1n pattern rec«sg‘r‘li»t»ion.is 'é'hown
. l~in,CﬁTV6‘S flve a_ﬁd six, ‘]:ooth‘of» Wh‘ich,ar.ev-fb'r ’Ehe same subJect (x)%hose |
e avallabllltyls ‘an cbﬁéidéfed_ t§ havé ‘bbe,éxi‘ a '*fortﬁné’te acc;dent“) o
: Cﬁr\-rei“fiveis' fof 15 db ,éhd .s‘ix.i"s ‘fqr Z.S_,dbvabov'é' thrveshojl'd".,"”:T;‘ﬁis |
'1subj:e':'<‘:';bi‘sb_é ‘good caée fof ‘lche'arg;urgéht thaf rev'cogni.ti.oﬂi's_ the éiifec’t
“re,;su‘_lt Qf,e‘xp‘erience and that pattérn_ identi.ficétién may be vc:‘hah.g:e‘d_

through a learning. proce SS.

‘ HA,s;a fé_su,lt'of _childh'(')_od illn'e'bs.é,; the "subjecf of »curv‘eé,"sv and 6_'1133 SR

©an ektreme loss at about four thousand cycles. Beginning at lower: -
. frequencies, the loss increases gradually until it reaches a maximum

‘and ~then’,>decfeases‘ slightly at'hig’h‘er frequencies; in many'fespéc’cs this o
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is much the same as the 'cés’é in section 1.5 in which pictures were taken
 on the analog ear.”

In the t:heo‘reti’c‘:al‘v d»e\felopment’ it is ‘st'at‘ed that, in a case such as

" this ,.flthe 'dip:lé_c::uéis,’é'hﬁou‘l’d. be doWn‘Wérd é‘vti f.re'que“nciés‘ bfe‘,ld\}\f'the“ dafnag‘éd Tl

. v“'x‘egié‘n‘. and ﬁ‘pv;‘ralj"d at'High,.e‘r:fre_qﬁe:nci'es‘..-,1 "W‘he‘nj‘the sub]ect V\}'és,first :
fc'ev_éfed"th-efrésﬁité.iwe;re‘fé‘x.ac»t}if t‘h‘e r’evé’r_s_e of v;rhaf' fh.e theoifg-r s'ta’té-d; . |
] Artelst mé-de sﬁe’ve;ralweeks{.later s;hovvée.d muc‘h thé "S‘ame form’ of 1
' diplaquéis but té_ é"liei.s."s’er ex.ten"‘t..‘ ‘Our‘thé:ory”v'\zoul\d appeér ’;orbe hard
' put to e%c.plaiﬁ béha'{fi'o;f ’,siiidh:asi -‘;his; } o | i |
| A thlrd test glventhe game subject produced theresultsspe01f1ed
bythetheoryof : dlplacusmand a fourthtest later conflrmed theresults
‘ of the thlrd teé;‘t 5 ' | | |
’i‘he fQur-te;stys éfe éﬁhown‘o;n' the fwof‘shee‘ts"a.s" 1,11,; a'nd‘l"ll WhJGre“ :
| lll is ;’thella‘\}erage _.Qf the ‘Jla st two tests What thep‘ had’-happ,e:ned to |
| ‘Z‘caﬁvse’a-l E:Omptiéfe %evéfsal in ‘ryes’ult w1ththls ‘pa‘r‘ti(culaii yglu-}:’jje"ct?, An

investigation r-evealedfthat,-' Sho;‘tlvy before the first test, .the ‘subject

~ had purchased a Mifie""vv:}'1.ea'«1ring"é{iol.3 Previously héshad used an aid Whi(\lh_’. il

' had a"mpl.ifi'e"d'é‘l'l".‘f‘r,e:qqéric’:ie"s 'quia.lly:s-uvch’_tha‘t the aid had not changed ey

‘., the pattern-on thé membrane or the subsequent irregular and damaged -
neural pattern but only nin'crea‘s,'e'd its over—all in'tensifye _
' With th.e‘new 'aici;‘ a Ch‘ange in the pattern sha»pé_'-WAa's‘r‘ealized.° '

This occurred since the aid wa s’ d_eSigne’d to provide amplification only ’
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-‘at«fx;eq.'ue’ncie's V\’zl.lere_the‘re was loss, .and arn.plification‘wé’s‘ in prop,ortio.n'
. to that los s; This»méaﬁt that, Whérea s’ 'wit'h‘the.‘olnd aid the néural
pa:ttefn was extremeljy'd%storted comparéd, to -“»normal”', thev heural pé,tte’rn o '
: Wifh the . new aid bed_ame_.'much the -éam.‘e‘as' the pattern ina "n‘ormal ear; -
the "nbfma‘l.fear "pro_‘vidés ‘the sért of 'patfern for which the ‘th‘ue‘ory -Waé |
,deve;lopedo _ | |
' '_: : Wlththe new ald, the :isx.lb-jvec;t could no nibntjer. u‘se‘ the fovr.:r:n'er,

distort'é_df," memOE;yj»stéfed 'p;i?cterns. for i'd‘_eﬂtific:atiohe He therefore had ' R |

to learn.a.whole new set’'of patterns by association and a more or less = .

“trial and error Process. =
. -This then i'sq"»the"evXplanafi‘on offered: The A‘fir,stt test came when the .- “
‘ sﬁbje’c’t was still.'u~Sing his distorted patterns for a récognition critersri.

: (1on identification - What this criterion might have been 1s not known. -

.T-he_ ',L;seg\ond teSt"_‘shg)w_s.s"o‘me‘ in’germediaté s.tep in the leairni‘ngl prc')c‘_:éss; ‘
Tests three’fand,‘féur C‘amé at fghe‘end Q.f the_l’earning préées s and 's'h‘ow'v-
the results ex;o'ec:t:éé as based on the‘oiryc o |
Th.is pérson has‘»doym'e to reii/o_n’ the‘ >new aid for c‘irea'tih.g normél

neural pattern shapes}-,"—'.‘he' WO.L'_lld‘ probébly be .tempo;rar'iiy‘ ‘u‘i‘.)s“et"if
- rfor'ced 1o r‘e-emprlvofy fofr'nle'r» di"sfortedv meméfy—étgred patterns.’

It i's; wéllvt‘o .nt'Q_t"e'that., ‘even -Withe-rron‘eoﬁs recog’n_ition; the
‘d'ip‘l'a'cusis s.tiill.c’hartedvthe‘ aréé.é of nep&g dama‘g.e,' Each éﬁr‘v‘eyim‘pli‘es'

. that an area of maximum damage lies bétween three and four thousand




2
3 ;Q‘ycle_s and ‘that the damage fa\l_l's offfromthlsmammummboth directions.,
: Thefourth test Waﬂsv the only o;ie fakeﬁ onsub]ect 6 wi‘t"h’th‘é highel

, ‘fre'quencies liﬁclﬁciédv and 'th‘e‘ rc'urves vslfllov;v also that ‘thevre"is‘vmcljre‘ loss ;at
v‘thé‘,h‘igher frééuenciéso‘
‘:A ‘ f‘.(.‘}urvé se;ve'n‘..sho‘ws!thie axtieragé of the .figal fwo tests on‘.:subjept;‘v
' 31xalongvv3th hié, threéhéld_ audioglrérh..’ As i’rrllay be s‘b‘eenyith-é .lczi‘ip'la cﬁS’i’.s
r‘afthe‘r a‘ccﬁurately ‘Iﬁa,ps "thé nervé damégé as chafljted by _t_helt.'hresh.olld
L ayidig'g:.fa:ni ex.cépt'é"é 'thje,S :kc‘ p_(_jintle | It'rlnvé_y_ be ;ﬁ‘dte-d thatiaf 5 ke ‘:”‘c,he.

S dipl'a:c‘:‘ﬁ"s',is'aud‘ipgré:m impili‘e‘s“;no da.mv_ag’e to "che*fnembrarl'e“ivgrhil‘e the
‘:.i'f‘chr’es]-nold addiégrarﬁ showsa hiéh :lreve"l‘ ofdamage The!eé'}c‘.plgna-tion.i_‘s .

‘the same as that for curve five fdrA'mucih‘the:Saine phenomenon,

' 4.4 Additional Comments on the Data
o An vatfyemptb;w.avs}v made to relate the ‘amount of diplac’:us‘i“s, to db

 threshold loss, Unfortunately our sample was too small to produce any

useable results since individual variations in the curves were large, . . vk

Testing on a much larger scale is required in order to acquire accurate

‘correlations.,



CHAPTER FIVE

PU TURE DEVELO PME N"’

. It vuould be Well here to. make a few suggestlons concernlng future :
’. :de\}elopment of the audLO"neteL and its testmg., "

\ .Rathel;”;ha'n havi'ng. a contiuuouely varying e'tanelarelf ;toue ;i.‘iu' a
‘.“ee"c_‘oudvngeuere‘t‘;ie\u'}‘ eud:i.or'netrer 1tng'hL ‘be better to have fixed tones
that Ceube‘}s'e'lec_ted‘v“v'ithva .multi—.p‘oei"t’i‘on ewi.tch; ‘vIt uas- been feuudv '

; fhat- t"he :frequeri‘ciee .teSted gJ'.'ye a re:l’e‘tiize'lyeemeél‘ei:t»_e picture ef.the
mldrange of 5£h.e 'c«aehlea~r damege-é"ihese sheuld -be‘»‘ .in.cluded’:, .pe-rheps, '
. elong.x}irjitu Svel{/e';fal. ‘to’nejs efhighef frequency The meteuing pr'ocess,
vbecoma,s re¥ tlvely more. ellfflcult at the hlgher frequeuCJes but the
1nclu51on ;Off up to 10 and .15.2 ke t_onee”in the audi,ometer should be
seriovus‘ly‘ efqné“idered’a .
.AlAtﬁo-ug’lr‘i} 'iow affequ'ency ﬁerve~deafness is rere",f for .‘a"c’:ompiete-. .

,dlplacu51s audlogram, sev ‘ f the lower frequem,y tones mlght be .

o ,»1ncluded These should be 1n -the range of 200 to 500 cps to the l S ke B

suggested aboue, Thus’ in nlne" o’r te_n'flx.e'd fre‘quency'siteps ;‘tﬁe' entlr‘e‘-
}ba‘sj.'larv ;niembrane' may be che‘cke_dlfor idi}.)_lecu_eis., | B

‘ | Inthe 'ce'ns_tr.ucted eudiemeter ‘a'm’a:r'luall s‘wi;cvch_iwesiueed.'by:» the “
SUbJect tosw1tch betweenthe unmdsked and partlally maskedtones

43



This proved ade_Quaté. except that the switch tended to make 'ﬁOof.dontéCt" "

"after long operation. Also there was enough capacitance in switching

" betiveen sw'itéh ,vposi‘tidhs so that,. unless the switching was done fairly =

'l‘t-’nrép-idlly,i_gn'ﬁn&e’sbirable n»Aoise WaS-.ﬁea'rd N

To obv1ate thesedlfflcultles »and.‘ alsoto allow\r thesub}ectto o
¢Qnéelﬁtrét¢ hls fuli: a}ttentioArvl_ on-lmateﬁing(_'th‘e 'tvx‘/\‘fc‘) tc.mes»\,v thelnclusmn . i
of z:aﬁ‘a}llto_.ma"tic switchlng brocedﬁf_e 1s 'SL%gg’es.’_tedl fo% _‘anfy ;flg’-mre-qevic.e.,”:

f ‘This may be:a‘chiev‘e___q by the use of an astablemultlmbrator witlr? a

suitable re‘laiy._in} the plate circuit. This would provide not ohly édva-ﬁtagevs ¥ ‘

~ - of rapid switching but in add-ition' the -_Subje,ct would not be bothered ,Wi’th;;,; 5

h’aving‘;fo de’vote_pa-rﬁ of his -af_tt‘ent;‘ionftov the swifch‘in:g Qiae;:atib‘n;.
O IE th.eyd‘e‘e'vice 1s to bre ‘eﬁv’c‘iye-ly self-contained, as it ;éhould be; o
‘t‘_he’re' should be ‘inclu'ded Wlthln the audiometer an, amplifier of”s_:uffi'c‘iént
" 'gain and l‘i’n‘éar.it’y'_ itol-,:ﬁfpvid"e é.'sigﬁél 'sﬁﬁfli'_cie'ntfto-‘;'each at least 25 db
~above ‘t:hréshbld'for :éh:ﬁ(-"sivlbjéctlp--'Tlrvl‘e»"pr.vé.s'i’enlt‘ unit has',tsu.fficiént 51gnal
“.évtre‘n"gth fdr mdé"’t cases 5ut the ﬁsefof.a separate émplifief-is‘reéuired
in ¢é~ée’s éf ‘evx.tfe'méi' loss. o
: 'A'.nothér"desilv"‘a;b.l»ev féétﬁre mlghtbe the inClué’iéh of ééparate
’ ‘attfen‘ué.t:o‘rs m fhe signéijfan:d ~hoi.é§ 01rcu1ts These Woﬁici be (lzalibra‘ted- .
 ivn:,db..‘ég;’tk’lét._.jafter théthréisﬁci)ld.ff(i)r élac;h;/‘v;a"s»foﬁnclvﬁth.e"y coul_d'.be"éorﬁ.biﬁé-d :-‘
i’nv anyﬁﬁvla\nr'ler for experlmentalpurposes AR | o
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' 'One: other svuggeAsthio‘ﬁ for »imp:r_O'Ving 'th'é teSt'ing systém is tc)h use
4a‘r'r'1:ore adequrate‘p‘air of headp_héneso '”S_e‘%refal subjeéts cbmmented th'at‘. _‘
’they could ,chaﬁge the in.t'e"ns'itvy of.‘ the» sou.‘nldﬁ by means Qf '~v‘s'light édjus't‘me'rif‘
. 'of rtvhe» ~head~pﬁor‘ie o‘n‘ the éaru, It ié ‘b‘eli.ev‘ed‘i that this résﬁlts from 1mpe‘c_i‘a.n:ce' o
.m:iﬂsmatch betv've‘er‘i' -t‘h'e-“e’ér cé_a\%ity and’ the iheadphone.,. P.os sibly aAnothér.y ’type”‘/
headset Would eiim__inaté thls difﬁicﬁltys | |

o ‘T‘o,' fgrthér establlsh the Valldltyof th.‘e? kchieof*ﬁyﬁ,iﬁfestir}@-should bev E |
N .dojhe ‘Q'ni a cumcal 'bg,sis Wlth Sub]eCtSknO\Nn to haVe "he.r\‘f‘e‘_dama ge.- In
thlsway, a‘.larée body ofdatacould B'e collecfedsoas fgo‘.»prbvidel : |

‘adédquate statistical méa 'siire'-"s },j‘~" Sl

By Te"é'tingl.bn'}a'.wi{d‘e ba’Svi,s':_Wétild"alSO result in sugc_jestéd improvements . ‘j:; ‘

. in the‘audi'omete‘: that would nj-’Ore readily adapt it to éiihidall‘us'e;"“




 CHAPTER SIX

. CONCLUSIONS

e ?'In'th‘isl,‘paper We haﬂve stated ’s’oryne baslc princv:i‘plAes ;a'nd cl:'onclujsvi.on's_’
: frbm the tileo_r‘fyifér heaﬁihg ,," ‘ The;s:‘e pr-ivnc.;'_ple‘sfox."‘-‘t_he{ most part are
' lg‘e».nér‘a‘lly acknowlec'i‘ged ‘to_i be fa 'c:té thét have be:e_rl _}éubéta“rfvc'iat_edv by. :
- gdﬂéiderébie;»e;lc.periménfavlAevi'de'n‘c.e.‘ : fSta'rfing fforfl thls bars‘is- we ha:x}e‘- 8
‘ then p‘_r"orje:cfe‘d ftheb.ry to the 'spéc'-ivfic »cas'e‘vof monaural aipléCQS'iso wé
3 hav-év"‘c;"ied in our theory_tb_show' how’ithi;s'._d'iplacu’sis fnaiz be r‘evla“celd to '
o "‘her{fe._ d.ama'ge‘ in the Coc;h‘lea_o Ais@sﬁggestﬁedv 1n this de'veldpmeht 1s a
b“."Ivn"ethQ'd of teétiﬁg ‘folr dipla cusmthat m'cjy:provid‘e”a':;éé:.sllo'rilévablef c,h.e‘ck on
tﬁe Q'aiidify »o_fv the ojtrigi-'nal hj/poth‘e;sisq’ ' |

. For experimental testing a monaural diplacusis audiometer was =~

zde_signed and built, - Thié d_eVice’ ha's within ‘i‘fi‘.thél',rﬁeans' td\ providef‘}ﬁc‘)th - ‘

‘the desir‘ed pure tone, a pure.tone corrupted with white noise, and a

method £6r measuring the ‘subjective pitch change asa result,p'f the ‘noisé SR

additipm

. ,VR‘esuklts ‘héye‘béé.n shOwuri Whivch‘ a_l‘re.'.~ EelieVed to supportt'yproAposed,

L t'he.ori'e s c'olr;é‘ef‘nbing "c}‘leA ma..nn_er,in WT’ilch a ’sound‘ is recog}niZéd é‘nd;the :
actlon bf thé cobc:hl:-e'a . "Er.n‘piric':a‘l revsulfrs‘).ag_rée -Wéll 'With.kth‘eo‘rif and aléé "
- ,ér.é. ,cbnsistéht With déta‘ ,tak:ee:n from'if;he electrlcal anal‘o’g"cv;cn";l'l:ley,a° i\[‘jh’us

" 46



‘bot,h ‘the theory and the ac,tiori of ’thévanalog in this situation have been = |

confirmed by experimental data.




| 8,;
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