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CHAPIER I
INTRODUCTION

rhe detection and measurement of anditory recruliment
has become an important aspect ¢f andiclogy both in the

| ¢linie and in researdh. It is used by Otoloplsts and

Judieldeishs as an aid dn diaghosing type Qf’ﬁeafﬁass,‘
igeabing site of patholiogy and evaluating effectivenecss of
hearing aidss No standardized test has been adopted %o dutbe
although many different methods hm}e been deviseds These
wetkods 2Tl into bwo major elassificationst a loudness
balanse measuﬁemaat-and,a dirfepenee Limen measuréments
Furpose

The purpose of this investipabion ix to compare the
Bekooy«type test with Fowlerbs Binsupal Test or Reger's
Monstieal Test for reeruitments The spedifie ohjedtive belng
to deforming vhether the diffepéncs Limen as messuved by The
Bekesywtype andiometer can disewiminate between védruiding,
‘guestlonable refrulbing, end nouswecriiting edrs ag shown by
the loudnéys Belanke rethods ¥ ‘ ‘ ’

Justigieation

The study of vecruitment through loudness balance and
ﬂiﬁfe?énue‘limen.ﬁssﬁing is part of the vroposed sudiological
asgessment in the research projecht, “Hearing anf Communication




C Eyvaluations

a8 Related to Gerentology«® The resulting informetion will
ald in sehieving the overall aim of the projecty that isy
the extensive =nd complebs exploratlon of the effdch of the
aging process oi heéaring snd comomnication in an elderly giow
af iléépfﬂéﬁj’/
Avigther indication of research ngeld in the recrultuént
area was ‘suggested by Palve who statest
" I nave felk that before connlusions ave drawn
from the width of exeursions in & seli-vecording '~
audiograns & good deal more off validabing tork
. mugy be dongs Thie ig the case with the parelliels.
ism of vecruiitment and small tracipgs as well as
© it other experdnentzl ftesis which very convenien _7
1y esn be done with the self-recording audiomeder,:
f seops
6219 hundped and sixbyegeven ﬁu}f:ﬁegﬁ‘;y between the ages of
5090 were tesbed with the Bekesy-bype testy Bach ecar was
gonsidered » geparate besh. Along wWlih the Bekesy text the
subjest wasg givén a Reger mngurai balance dest or a Foyler
Binauwrsl Test Lor récruitmént.
pefinition of Terms Used
Recrnitments Recruitment is s phenomenon in which the

Joudness of tones appéars to inerease more vapidly than

¢

A/"Hearing and Commutication as Relabed to Ceromtologyy¥
Public Health Sevvide, Nabtional Institutes ﬁiﬁealﬁh,
Research Graut No. 3~8+0083, Bethesda, Mdey Heby
Oeotbers 1957

2/Tauno Palvo, "Sslf-Recording Ag&iﬁmetry in Hearing
* Volba Reviews 605158y April, 1990




3/Ira Ta Himelg The Measurement of Hearin

normal vhen the growth of loudness is velated fo intensities
gbove threshold, It .is usually assoelabed with a pereeptive
logs due €o inner eav invéivemezzﬁﬁf ' " :
Lovente di Nols reported a neuvologieal. explanation
which sids fn wndevstanding recruibments G

UIf & mimbet of halr ¢elis in the ear or a number
of fibres in the evchlear nerve are missing, the
tones will appear bo be yeaker in inbensity when
near thresheld stimuli are used; but 1f-the dnfen
sity of the Yoo Lis ineveasel, the more strongly’
setiveted hair ecells oF dochlear fibres will be
sufficlent, €6 gaturate, dec.y 10 exelte with the
Jimiting intensity the cochlsay fibre or the eells
of the evchleal nueclel, fo thit the cerehial cartex
will voceive the seme pulmber of inpulges per seégond
fryvm both ears and will perdeive the %one deliveved
to the diseaded gar as ghrongly as ;t;. e tone delivered
6 The normal gr less affected ear,s

Difference Limeny "“The smallest delectable dlfference
bétwesn two inbtensitied that con he diseriminated is referred
%o ag the difference Limenf ﬁm_«,—;ﬂgf

e

Metiraw-Hill Book Company, intgs 1952), Ds 3% ‘
L/R. Lozenbe de Nos, in discungsion op Powlér, H. P. Foyler,

Tpiagnosis of Disseses of the Neural Mechabism of Hearlng by

the Ald of Sounds well ahove Thraghold," D, Am. Ubole Soee,
27507220, 1937, eited by I¢ Do Hopris; He Ly HaineSy J« Cs
K+ Myers, "Ioudness Pereepbion for Pure Tones and fo? Speethy”
AvMs he Arch Otoleryne, 555113, Februavys 1992, - | ‘
T4 $w Hirsh, Ty Palvo, A+ Goodman, “Differense Limen and
'gécrui%meni;,”?g‘gz A. Azan Oko! avitiz, G0¥526, Hovember, 195




In reerulting esrsy the differenee Limen for inbtensity is
smaller than in nomal op non-~recruibing eavs.a%/

&/Thid,
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@HAPW:R I
?EVIEW OF THE I;IEZEHA‘N"M

SO ‘ e m’wﬂnesb Balancé “Jl'es*l;izag
o m 3925—, Pohitmen’and Kranz veported the First obsetvas’
tﬁm gf m reemtment phernonenon E‘l&é:?’ absema thak. vhen
‘fshe thzres%mm of & pauge of decressed aem;i;y was. aﬂ;ise;meé :m‘s
*?:czbk ammam%wely Tittle additipual enevgy to chtize *bhe
.ﬁafz;gaezzey te seswingly disappiay egemgﬁ.ﬁﬁeim%f . Bebep, n
1928, Fouler nobed duping an sudivueter fest of h pavient
ﬂi‘ali =1 n‘umai 1eft ear bub with a'vight éor with a losg of
appmmﬁizna‘éely‘ 40 db aear ’%ﬂ% gpgy Thaby
* .»x "a.w@mmmﬁi‘ve :&ogé;aess showed that the Joudness

P of tomes (near 4006) of from 10+2% sensation units
s BboYe the thﬁesham in the 1&gt {mm&ffewe& eary

: appearad the same Ioudness a8 5 sensation wnit §

5 a?mve the threshold in the yisht (ai’f;‘e@iiéd ear *L/

g In 19364 Reged reoporbed thel individuwels with high

?req‘s,zezzw hesring losses experienced g alrormally rapid

ineneas& in lovdness wiven the lnbensity Yevel vay incressed
a‘r:we tﬁa threshold value &% which the 1Q$$ exigtedy Such
mdimdualﬂ wi.{:h voiged aunditory thregholids wuld &ﬁ”serﬁi:,

"”33 R et

;j;& Gs Pnhftman and ¥y W Eranz, YBinswrsl Minlmum Auditipn
in & Subject with Remges of Deficient ,é,cau:‘r.ty, ¥ broc. Booy
Eﬁzgem Bigle and Meds s, 21:3359'33’79 i92ky

g(E.l Ps Fowlery "Marked Dezfened Arsas in Normal Bapg,®

:mh ﬁt@lar@g, 8x1%52, 1958, . )

¥
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smailer increments in intensity than the normal ear at
intensity levels the same number of db above the respechive
threshold of each,ﬁf Beginning in 1936, Fowler published a
seriey of papers concerning this abnormal rapld ineresse in
loudness in patients with neural deafness. He wag the Pirst)
$0 apply the term "recruitment® to this phenomenocn,
Fouwlerls investigations led him to the conelusion that the
presedice of absence of recrultment constituted a cliniecally
useful method of differentiating befween conduchtion deaf-
nesgs and neural deafness., The method was called the
Alternate Binsural Loudness~Balance Test and has been
adopted widely as a tool for both ¢linleal and experimental
investigation of the loudness function in normal and abp-
normal earss The‘prcce&ure emplbyed 1is that of matehing
the loudness of a glven tone in the two cavss This method,
however, is limited in its application sinee it regulres
the patient to have a normal ear for comparisan.%/

37N+ Reger, "Difference in Loudness Response of the Normal
and Pard~of=Hearing Bar at Intenglby Levels Slighily Above

the Threghold," Amn, of Otol.s ¥hin, and Leryne.,
453102910395 Decembery 1936 B

L/8.N. Regery obs oit., 1032




L ——

Reger developed o monaural loudnesg-balanee tesh based
on the resulbs of siudiles concerning equal Toudness level
domparisons by the normal eare. Thése resuilts showed $hat
the ear-is able to conpare and eguate quite agcurabely the
loudngss of two pure tones which differ in :E‘reqa‘zemwg/ He
detrised 2 meawure lun which the louduess at the impaived

] fi’eqﬁm&iéﬁ i compared with the loudnessof the normal

froquensies at threshold and at set intervals ahove
thresholds The nsefulness of the wonsural loudness~bglance
| best 1s that i} is not negessaty for the patilent o havé one
gopd ear with vhich to compare & poor sary The only limitas
Blon ¢f the best is thalt the patien® must exhibit normal oy
relatively normsl hearing for at leash one frequensy <o that
this frequency itsa;; gerve ag the stendapd to which the sensae
Hen of iw&nes‘s gl other fPeduendies is cﬁmpa@eé‘{sé/ Both
loudngssebalance tests are plotted on an audiogray enabling
sonvenient appraigal and eamparisénﬁ
Differvonce Limen Testing

The différende Limen (DL) test is based on the dons

elusion that the differvence limen of the rvedruiting ear is

ﬁ,f 1bids
&/Hayss A. Newhy, Audiolosy, (Wew York: Appleton<Centuryw
Crofts; Incey 195814 ba 1744

u
|
|




Zess than that of the normal or the nopsrecruiting ear
especially ab threshold levels, This test ensbles a guame
tiffeation of results sinee it Is possible o seb up a goale
of comparison by means of which the degre¢ of recruiifment
can be expressed, The scale is based on the difference
Yimen for normsl ¢ars expressed in bterms of decibels or
Eractions of dacibel@%/

Several different bechnigues of DL hesting were
developeds Iuscher and Zwislbgkig/inﬁgbduceﬁ & method wvhich
involves the aliernate presentabion of two tones, identieal
in fregquency but varylng in inbensity at about %0Odb above
thresholds The difference bebwesen the tones i8 gradually
lessened and the subjecht iIs reguirsd *¢ sigrial when he no
1.uger hears the tone variations. The differsnes bebween
the tones (in percentage of pressure) is then recorded and
1ged 45 a measuve of DL slze« Denes amd Naunton™ refined
this method by' asking the subject to report which of two
sounds 18 londer bthereby eliminabing tﬁ& pulsation effecks

FIbid; 178wife

875 Inscher, Wrhe Difference Idmen of Inbensity Varistions
of Pure Tones and Its Diasgnostile Significance.,W Procs Boys
Socs Medss 4331116-1128, Decembery 1250 R

2/?, Denegy 2nd R.P, Naunbons "Ihe Clinical Pebection of
Auditory R iEm

witment." J. Tapyng, and Ofol.s O4s375-390%
Julys 1950 N . .- Cea

J




I10/7.F. JerEery "A Difference Limen Becruitment Test and

The sounds are presented separately rabher than in the
conbimiously alternating method of Luscher snd Zwislocki.
The Denes and Noumbon bechnlqiie beging with two fones which
are cousiderably sepavated In inbensity. Then the tones
are gradually brought closeax together until the subjeot réw
10
poris them as egually loud. Eergezzfi/alsa mede a refinement
on the Luscher method: He improved on 1t first, by using
the ascending methed and sesondly, by using 15 db above
threshold as kis level of presentation.

In 1947, Bekesy developed an audiometer which measures
difference Limen #imyltaneously with the sbsolube intensibyd
He deseribes the prineiples behing this technique as
followss

', eavay audlometer hag been wild in which the

intensity of the tone increases conbtinuously ag

long as a signal bubbon is released. The subject

determined hig own threshold by pressing the

bubton until the tone is pereelved, then relsasing

the button until the bone disappears, pressing the

button again till the bone reappears ebe. ebes

In this way the tone gseillates around the threshold

of the subject the whole time and the amplitude of

the eseillation iz a measure of the differsnce limen
for intensify at the sbsolute intensity threshold,

its Funcbional Significance," Larynsoscopé, 62¢I316-1332,
Dec¢eniber, 19524 :
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The audiometer thiw measures this difference limen

gi?gf§w_7cusly with the absolube intensity threse

Bekesy points ou’ that since the testh tone is gluays
in the vieinity of the threshold 1ittle time is lost in the
presentation of subliminzl stimuli, One advantage in using
this technigue is that 1t can be used with .auy type of
unilateral or bllateral hearing iwpairment. éneﬁhez‘lies
in the fach that it can be carried oub eagily sinee 1t is
fully aubomatic exeept for the instructions, thereby malking
it an objective rather than a subjective measure.

Figure I represents a Bekesy audiograms In the top:
curve there Is no great change in DL with frequenecy, the
shape of the curve 1s as usval and represents a case withe~
out reeruitments In the lower curve, on the other hand,
there is a sharp decreasg in the amplitude of the intensity
osclilationsy fhe DL drops at the higher frequencies: The

lower ctirve illustrates recrultménbe

L1/Ga Ve ﬁekesy§ "4 New Audiomeber", Acip Otola g
35eh12, 1947, ..
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In the lower curve, the intensity range about the
threshold value is Yaverage™ over the frequency levels ab
witheh the aculty is normal but is markedly reduced at the
frequency levels at which the maximum heaping loss exlsbs,
The reduced inkensity range is due to the faet thab the
vabient oxperienced a disproportionately rapid increase in
louwdness as the intensity was raised agbove the thyeshold
valuigy This represents the presénce of recruitment since
the intensity difference limen near the threshold is more
acube in individuals who have reqruimenﬁg%g/

Bangs and Mullins }.3/ Reger and Kas;g‘:y and Lmdbcrggw
have all impiled that a small difference limen, diminished
sxcursions in the threshold gudiogram, and reéruitment are
equivalent, It is imporbant to note that in normal eaxﬁ
the DL indrégses somewhat bebween 100 and 1000 cps and then

keeps constant to about 4000 eps. Above this freguency ib

157G.V. Bekesy, op. oib., Hishze,
;i.:?;jJaL. Bangs and Oude “Mullins, obs clbey he5s
1, 8:N. Reger and CuMs Kos, "Glinical Measurements and

plications of Recruibment,® Ann. of Otol., Rhin., snd
Loryngs, 613810-823, Septembery 1952, ' AP

15/T, Iundbork, "The Bekesy Audiogram in the Differential
Dlagnosis Bebween End Organ snd Nerye Fiber Deafness,!
Acta Oto=laryngyy Supp, 99:81-110, 1952,
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drops again aad reaches the original value ab 10,000 cpsSe |
Bekesy states that thils relationship agrees with the
Kingsbury curves of egual loudness}f"s,/

The literature reveals that several studlssy have
inVe§tigaﬁed the problem of determining a DI measurement
denoting recrultment. Bekesy did not stabe any definite
limits of threshold variabilisy for cases to be classified
a8 reerulting when introducing his mebhods

Lundborg reported thab perceptive logs of hearin: wibh
reerultment in the Bekesy sudiogram indic}a%':es egohlear
logalizabion of the damagey 1f recrultment is absent, with
great probability, retrocochlear localization is indicated,
In this study he classified Bekesy audiograms into four
types. Type T represents a normal DL (without recruiiment)
with even, wide ogeillabions corresponding to 6 fo 9
dselbels with extreme limits of ¥ to 20 decibels: Type IV
is defined as a curve with an obvious degrease in the
difference limen %o no more than 2 to 3 declbels in the
higher frequency ranges. Type II differs from Type I 4n
that it shows a tendency to recrultment, that iy where the
declbels detrease somewhat in gertain higher fréqﬁenay
ranges but the decrease is neither pronounced nor

lg GeVs E@kesy* vai ﬁé Be 3 1“18"'""19%
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progressive. Type III moreclosely resembles Type IV and
exhibits & decrsase from bebween 9«6 declbels successively

e 5 to 3 decibels whieh is described as ﬁbderate reeTUlt-

v/

ments” ,

The c¢linical material supported Lundbovg's criteria
falrly well~wall twenby-five caseg of acoustic trauma and
préetically all bwenty-six cases of Menlerels digease
belonged to the fourth group (complete recruitment)y How-
gver there is a guestion of the recruliment funciion in
each case slince no loudness<balance btesis was used for

COMpParison.

Newby designated the Bekesy difference limen measures

nent as followss:

UThe patient with normal hearing or with non~
recrulting type of loss will have thresholds
yhich fluctuate a minimum of I to 6 db,; thakb
ig, there will be a difference of at least b
to € db from the highest position of the pen
to the lowest at any frequency. For a pabtient
who has recruitment, however, the excursion of
the pen will be limited to I %o 2 db, In other
words, the patlent with recruitment is able to
detect minor changes in intenslity at threshold,
and he will push and relesse the push button
more frequenily than wii} the subject who doew
not have recruitment. 'l

1777, Lundborg, op. elt«
18/Hayes A Newby, Ope cit., 176-177
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4 more recent study was done by Melay In 1959 who found
that when reerultment is present the DL range is less than
3 ab; when 1t is not present the range is between 6 and 10
db, He also reported a comparison of loudness balance besie
with Bekesy testing using 52 audiograms showiné unilateral
deafness. In 41 the agreement bebween tests was ldeénblésl,
In the other 11, 9 showed recruiiment by the loudness
balance test and nob by the Bekesy, He coneluded that if
the Bekesy DL is reduced, reerultment is almost cepbtalnly
presents If the DL is nobt reduced, the result is not so
certain but recrultment is probably not preSent.%E/

Palva pointed out an lmportent aspeet conceming the
DI, as measured by the aubomatic audiometer, He agreed that
small varlability and recyuliment are parallel bub not be-
cause the andiometer is a true measure of DL bub betause 1t
is a measure of the varigbility aroutid the patient's thres«
hold. ‘Therefore small variabillty would indicate that the
andlability goes up rapidly; whoreas large variability would
indlcate a clearly slower relatlion between the twogggl‘miﬁ%“

Data was reported on 39 pabients belonging %o variaus.
diagnostie categories. On the basis of loudnessshalance

I9/Kemneth McLay, "The Place of the Bekesy Audiemeber in
gﬁnie:atlgggudiome%ry,“ Journal of Leryngology, 73:460-465,
¥ .

20/Tauno Palvo, "Recruitment Tests at Low Sensation Levels,"
aryngoscopes, 6631519 56,

- x‘dl
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tests. the dases of reeruiting perceptive deafness wers fure-
they subdivided in asymptotie, stralght line and delayed
recrultuent groups, The majority of the asymptobie group
showed excursion smplitudes of less than 3 db. However in
some cases in this group it was found that the exeursions
were more than 5 db and parallel to those in the other
diagnostic categoriess Most of the éases in the straight-
1ine recrulitment proup showed normal threshold excursions
{larger than ¥ db) while practically all delayed recruitment
cases showed normal excursions (between 5 and 15 db).

Small threshold excursions were most readily demonstrated
gt 4000 or 6000 cps. They could zlso be easily obtained at
2000 ar 1000 ops bub rarely if the frequency was lower, Un
the basis of these results Palva felt that the Bekesywbype
audiometer ¢an never replace ordinary audiometyy combined
with Fowler's or Reger's balance test singe many cuses
showlng recrultnent by Loudnesswbalance tesbing failed to

ghow 1t in the form ¢Ff smell threshold variamity.%y
22/

-

Palvs also reported these findings in a 1957 report.
Landes supporbts Palva's theory of threshold variabiliby

BT/iehmo Palva, 10Cs, cit.

éé/‘l:auno Palva *;selfgéééarding Threshold Audiomebtry and
Recrultment," AuM.As Avch. Obolarynm.y 65:591-6024
Juney 1957, ’

-

& T
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in his investigablon of automebic audiomefry, His gtudy
involved using a loudness abtemustor which vavied the
voltage of a stimults so as to produce unequal ineremenis in
inbensity with équal Inevemenbs of rotabtions Ten ndrmal cans
and dwelve veoruiting ears were given aubomabic .audmmeﬁx*ié :

tests at seven discrete fyequencies se thel results obtained
¢ould be compared with similar deba obteined through move
gtandard me&ngag"?ﬁ!

The four gengral conelusions drawn £from the §buly were:

- 1s Taken ag a group, . redrulting sars glve narrowver
threshold exeursions than do normal sars in réw
gponse to sbanderd sutomatic audiomebiys )

2« Notyithstending significant group differsnces

© 3k iy 4iffiedlt LU separate dndivideal recyuife

_ ing eapg on the bagly of standard automatic ‘

-~ “andiomebrys o ‘

3« The use of ¥he loudness attenuetion in aubomabig
sudiomebry provides o gensitive hest of recruite
ménty using the cviterien of & rarrowing of
$hreshold exoursiong from middie o high i

“,  quencies,. = . -

by In subomabié audiometry subjects respa%a
grovwith of loudness vather than to DLlse

“ Reerultuent and Presbyacusis _
The literature revesls confliching o‘pﬂ.n:iqns edncerning
the avtual predende of redrultment in ;z.z‘esb&ams&‘s, whieh ig
deéfined by Fowlsr ags

N

23 'Beynard Ag Tandes, YReerultment Measured by Aubometis
ﬁ%é’iém@%ﬂt;ﬁ AaMs s, Avch Obolaryne,, 6835685:695, 1959,

2h/1bids, De 695:
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%, sea diminishing hearing acuiby inecident to

advancing years due to a progressing loss of

function mainly in the neural apparatus of

hearing (peripheral, central or cortical,

singly or combined, continuing or int@rmztﬁent)aﬁgif
Schnkneqht%%/and 6a1tsman%z/£eel that in the epithelial
atrophy type of presbyacusls the loss of halr cells and ‘the
joss of spival ganglion eells are closely parallel; Accordw
inglyy neither the neural atrophy type nor the epithelisl
type of presbyacusis can show reerultment as bhey lack the
prerequisite fop the production of this phenomenon, which ig|
& pear=normzl number of gangllon cells., If, however, en
older person with high tone deafness does show recrultment,
it may be sssumed that his aging has not affedted his
ganglion ¢ells and that his hearing loss is due bo halp«cell
damage. Harbert and ﬁatalaff$§‘¢ama to a similar-ccnclusiqj|

in that reeruitment is generally not present in presbyacusis

execept 1n dertain types where the organ of Corti is
primarily involved.

25/E.F, Fovier, Wresbyacusiss The Aping Bar," Ann, of
Ofol. Ehin. sid Ierynz., 66:76%, Sepbembery 1950, - .

%Q)ﬁﬁ Sehuknechty "Presbycusis,” Laryngoscopes 65:402-119,
9 . .

5

%gégw Saltzman, "Presbyeusls," Arch. Otolaryng., 66:87-69,
2B/F, Harbert and J, Sataloff, ®Clinical Application of
Recruitment and Masling," Laryngoscope, 65:113+123,

Marchy 19556 o
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Pegbalozza and Shore reporited a study primarily conw
cerned with the possibility of differentlating on the basis
of sndiometric tests the various types and locatlons of
iesions that produce deafness in old ages In a group of 24
aging subjects in which & monaural loudneéss~balance test was
performedy 50% showed no recruliment, 30% partial recrulye
ment, and 20% almost complebe recrultments The authors
point out that the absence of recrultment is in good agreé@
ment with those histological findings that indieate spiral
ganglion eells and nerve fibers as the most dommon lesionsg
responsible for hearing loss in pregbyaausis;%%/

Foyler, in a 1959 investigabion, summarizes his theory
coneerning presbyacusis in the following mannerp:

"here is a noblon that récrultment is not present

in presbyacusis but with few exceptions I have

found it pregsent. In instances where patients come

plain zbout the annoyance of loud environmental

gounds; this is one gign of reeruilment. When there
18 a neural hearing loss but no sensed recruitment

of loudness I explain 1% by lesions eentral to Corbifs

organ, some neural impendance in the pathways in the
brain stemy & feedbatk, or some deficlency in the
regeplor mechanisms in the cortex, Auy of these
might prevent a patient from sensing a recruitment
of loudness even though there wasg a recruitment of
pobentials in Corbits oprgan.30/

F5/G, Pestalozse and I. Shore, "Clinical Evaluation of
Pregbyacusis on the Basls of Different Tests of Audibory
Funetion,® Laryngoscope; 65:1136~1163, 1955,

30/B.Py Fawier, ops eit.y s 773
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The deta ovellable for this shudy was ovdginelly gathersd)
By parh of the Diedd shudy snpvey Woarioe and (oummmdostlon
af Belated So OGoronbolopy®™ which 3s faking plece st The A
Cenber of How Snglandy oo, The survey donsleds of invesile
gabing the aging prosesses of hearimg 1t an eldeviyr fgrivin of
relablesly healfty wollontocrs 4n ovdey S0 provide a soiid
Toundabion on which fubure, noze spesdfie, investigations o
popmpoh shuiled zay be bapeds, Zhe reutdne audiologiosl
agpeasnent of all pubjects Lusludes fhe Pollowing recredinund
bestet (1) Regerts Honatwsd nd FPowler's Binsurad Loudness
Bplenes testy yhich ave glven when possilies () 4 Béebsy~
Bype benb ot bobh fust ond slow speedss  ALL bRebe were glven
by bwo emsndhers ond wers shven of duw seputate Remsionss

SubJeets
Une un@red and sizbyegeven sibjests bobyean She spag of
B0 and 90 wers ayellable Por bhus sbudy, The spe Glzdeibubiod
o showm dn Table Is




TakEm X
AGE DISTRIBIRION

"Ego Woe OF Hembers
BRaBD g —
Sl iR
GBI 57
773 53
Toelin o6
8185 15
Bisn i
Uyar 90 2

R

 Tobal 367

Bowgyer, of the 33% sorg evailalle for shudyy the sawple
febtad Dy S binaurel oy monewrsl loudness balence thchnigne
wsg vedussd By one bhusdred and twenbywons veups Yop the
Sollowing resgonst

Pallod to somplebe besty 23 saps

Onld avh be besteds O sy
Unrellalhies . v oge
15T oups

[Sensequentlyy he popnlablon wen veduced fo fup indred and
Ihishoon ensn (334 nivus 121} due o bhe yesulbs of Joudness
balanee festing. ¥ somple was Durther redused %ﬁaﬁm K
slaw Hekesy tosls of 28 cevs wowe lnvalidi thet iy ak ong
oF more gobodes the hoerdng fn coph of Ghosd sube weh bebtier
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oF worse than ¢owld he registorsd wilhin the 13nify of the
andiograns The Gotal susbsr of 2avs weed in the slow sveosd
iz one hupdred and ninelyeons {215 winvs 9R)s  Thirtyetimee
Ffant Dolway entibsreme wore slso fnvslid reduging the fpovle
bested 4% Whie speed fo one hundeed mnd clizhby saps

{215 minus 343,

Inghpumendation .
The Bekesy-type fewd wer spesnyed wibh a UrasonsSisdier
fntonable Audlencher (pedel BROD). A contlmous swesp
fregueey tutheigue wed used with bhe sbimulus atbenusted In
ey Bouiisl sbepds. The Pure Yone coversd g Teonvenoy Pabgs
o ':as,aa b 104000 oyeles por second, The bewh wen prosented
#% tamo gpeeder 2% deedbels pey gecond (slow spesd)y
el Queibels per socond (Fosb speefily The fotal Bewblne time
for the slow spoed weu O ninubes wnd 4o setondsy the spesd of
Bhe graph paper wap 7 cenblmebovs per sscond, The bobad
fedting Glee fop the fast gyeed vag 3 nlanbss snd 20 gesends
widh the graph paper moving ab 5 pabe of JIM% cenbimeters pep
gavond,
The Ioudiesy Belanes teshe wers made using the Belione
L84 Clindosl Awdiomebers 410 Yesting teok place in a

Posonstladier soundsproof bonbh fn wileh the smbieont nolse
Gvels b & nogmal pure Yome bowh pabbern Tor il freguencies
bove 256 apn, wers bulow 39 degibelss
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Belpony Tesbing

The Beohefyelype audiomeber v serafully selihvsted
Bufore enth tes¥y ALSer sesbing the sobjoch An the sounde
prand ool the Yeober held the Bokepy slenel switeh wnd o
pedy off suvphones In her hudd oy ghe domonsbrabed ang verbuls
fapd the following lodbruchions

won wye golog to Boa¥ o tone, Vhek you

ooy the Gones prepy the lwbbeny when thé

Yone dinappenyss yo¥loase the Dubhon
I¥ the subjoch woe ponfased, bhe mooiner repsabed fhe
gireghions valll the gobjeel stubed theb he unlerstoods D
opspdner bhen pladed the earphonss oo the siblects The
subsmatic sndioneter wak located 15 ro adiclining chawber and
lisd 5 soundepross window into the besting aves whick snubled
the evpmdney $o obsedve the subiesd during the festing. &
sowple peud paliborn was preseubed %o She belber sep Initlelly,
pnd 4f the subjeok sppesyed o be following the divestionsy
whe Pesh wed sharbed, Uhen netossery, bheinel nolge wag
Gelivered throngh the sseond charmel of the mudioneber fop
bageRking pUCDOSeSs

The avdioghan vay Sbtedned pn Lollowds: 4 pose fong
ghimiing of conbrolled Ianbennddy, vevyisy contluuously snd

iod bo bhe supdedt Bhreugh a sulteble transducer: The
p&ﬁ%}ﬁa&% fonkesls Bhe lntensity, Inovenslzg sud deorensing It

Emﬁ“@:%ﬂ%mﬁwy in o Lreguanny over & glven vange, way prefent




g0 bhet 1% wlll owesg and recross his bhreshold, His
shjustments sre conflmueusly reeorded on an pudiogyam card
whileh woves as the Dremueney of the stimilos Yone thunmpss
Bhe resuliling amplitude of bhe opsillations, sccording %o
Bekosyy I8 o moasure of the liferenve limen for intensify at
the abeslute throghold. The awitoweler thepefore néssures
the differonos llmen alouibaneunsly with the abiolulbe
m@sm&aﬁf Figure II roprepents an audiopram ¢f & Bolegye
type begk.

Powlewts Birmursl londoess Balenes Pesting
Fhreshold nosgurentnis wars ohbsined foy bodh surs ab all
foggueneios with the puve bone avdiomgher. Yhe Pregusncies
fhat ohowed ab leagt s 20 db less dn the poor 2apr was ohokexy
e Be balanded for loudness in the good cayy
¥he besber save the following dnstraobiongs

Yo are golnz §o heat tuo tonss, & Cirgh

fome aud 2 seoond bove, TelL me whleh 1z

louder, the Livek or gecond, by saying aloud

glihsy *fipsht oy fgeoond¥a®
“he intenwity of the chopon freguenoy wes Inorsassd 20 b
shove the thrashold of the goodl ear ond the Jone s preosented

it

R

127G, Vi Bolosy, pms olds, 432,
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briefly $0 the pood ear, Then the intensity éonﬁrel was
changed for the poor ear to an intensity 20 db above the
throshold of the poor ears The fome vas briefly Dresented to
the poor ¢ay. The pablent indicated whelher the first or ihe
seeond fons was louders The tone was switched from the good
ta the poor ear several times, and the intensity of the poor
2EY Was ehazzgeé a8 netgspary imtil the patient indicated
that the tonmes wére equally lowdy The sengabilon Lleovel of the
tone in the poor ear wes redorded alf the point whai‘g Toudness
balance was aghieved, This procedure was continued with an
increase in e intensity of the tone in the’zood ear by

10 ei”m Agﬁam the iﬁ’henaity of the tone way Varidd ’ﬂn%:_l ‘the
smbae'e’s indiceted thot the loudness was balanceds A ‘second,
nobe was mide of the seusabion lavel of the tome in the POOT .

‘ BBy Tﬁé pm@edizré was conbinued in this fashion vntll the

intensity Limits of the audivmeter hga been reathed, The
sahe mme&um wags followed for sech of the other frequeneids
10 be balznceds ' '

Regerls Monanral foudneéss ‘Bﬁaﬂ%ﬁé Test
In the Monaural Joudness Belande Testy the loudness ab
the impaired frequenty was comparad with the loudness of the
nprmal freguencys At Teand 4 20 db éifﬁex*eméwas pregent
betwsen the impeived frequency and the frequency teken ag
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noymels Thuse consiated of ¢ither o 1000, 15004 2000, 3000,
Loty ar B000 GPs. fone with no conperisons mady with fres
xgmmiaﬁ mweg than pue avbave apards |
In slwivisbering the toshy the foliowipe verlel iupiings
Slong wore glvem

| Wion gre zoing ¥0 hegr two foness o fikst fone

pid & gecond Gone, Tell me which ig loudeny

the frel or seconds by seying aloud eibher
‘ 1R estY o Taacoudf R
Ausuning thet the frogueity of 1000 ope wer faken as The
shandard bo whdeh snother feugueney wak be be bulunced. The
inteneltyr of the 1000 opse boume wep inereased by 20 &b ahove
fhropheld and presenbed beleflys The sepond sl Supaiyed
Trogneney way ek glven alst ahove thessholds The pablent
Indlegted whebher fhe firpt or sotond booe waw lowlere Hh
Pong yas gwlbched from the shendedd fyoguenty fo the lnpalred
frogueaoy severel Times wnldl the pebiont indleated thei the
Bonss ware egually donds  The sensation level of the gtenderd
Srogusney and the fuveived Frogusney way veeuvrded sl the
point wvhers loufness lancs wos avidieved, This prossdurs
was ponbineed with on Angvesge Ju the invensily o the
gtantord Ereunency by 10 db watil the intensify Limits of the
suddoppliar wors routhad,

Mebbed of Recoprding Toudness Balants Resplbs
Phgure IIT illustrobes the moner of vecvrding fhe
vepulis of the ponsural Joudness Telanow beebs The poinis of
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| Mines under the lebsled frequency being balanseds 'he points

‘Gemenstrated since an squal ingrement of intensity pesults in

equal loudness in the good and poor car wers comnected by

op the sudiogram for the good oar appear ab intervels 10 db -
apart gharting at 20 &b sbove ﬁhgeﬁ}t_ﬁég the peints for the -
POCY guy ave mparked ni wh&i%éver sensafion level wag ?Z‘é‘quérféﬂ:
o belange lounduedss If the Lingg conmecting the points off
equal Youddsss remaln parellel throughout the veourss of the
test ab & specific freguenoy, no weerultment has héen |

en egal ingresent of leudnews in sath ears :%Iévzever; if the
Ilines %Yended to donverge on the poor esr, indicaiting ihal
Inctements of loudtidgy dn the poOOT éar wéz*e not proportionad
to the incvements of inevessing imbensity, the presence of
recrulinent was éeﬁwnswa‘heﬁs%f

| ‘ﬁ;ig%a IV vepresents the resulbs of the Monaurel Boudnes
Balange Testings The game ma'lzhéa of gedring ond ﬁaﬁ;iini*&‘ai@imz
8t "o Recrultmenty ;f flncoinplete Recruitment,” and “Complets
Reoruitnenty was made as in the B?‘.nauz*al Testing: Howevetr,
the Prequencies being balanced ave Isbelef om elither side of
the designated ear,

2/fayes Ay Newhyy Ops.Clbey De 169-1704
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| Computation of Zala
The Loudness Balatice Test Tesulls were grouped ag sither
Reerultment, Incomplebs Recruitment, Fo Reoruiiment, Codld’
Not Be Tesbed, Unrelishble, or §ob Bonee Only those Fesulis
shawing Respultment and Mo Beeruiimend were used in the '
comparison With the Belesy datas

The compubabion of the diffevéncs limen fiom the Bekesy
audiogran was detevmined by averaging the decibsl width "O’.’éi’ all
excursions within sn octave, The Alfference limen fpp roorul
nent yas computed Lor the ovlave above the frequendy at whieh
retruitnent was showa o exist by The loudness bdlange tants
For eomparablve purposes, the differencs limen was compubed
for the 250 ops. fo SO0 epss debave o the sa:z;e* pay on the
assumpbion that recrultment would not exish iIn “izhaz;. sutaverd
Separate tebles were seb up for the pight and left sar,
These tables indicabted recruliment with the difference limen |
results from the fast speed; the fregueney 250500 epd. on the
fast speed; siov spged, and the Lrejtiency 250500 ¢pssy on the
glow speeds This wag also done for the ears Sh%mﬁg né I
vaoryltmeants |

3/;%9 suggesﬁeé‘;‘by BY¥, Bekesy in an inﬁervﬂ;ewf “
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Amalysis of Dati

tublong for each of the ponditions of recrultment and 1o
resrpitments Chi Sgusve ¢ells wers developed to besh the

Peorudting owbave snd the non~rvecruiting 250500 Gps.

meﬁava#‘/

aneis

b/, }5‘; mndq‘aigﬁ Hducetional Measure mﬁ:b il;ﬂ'lgemsim |
George Bahbe ?ub:twmng Gompay, 49511y ,a,u 239,

¥
.

The differeive Limen were tabulabed iu fretuency distoie

sigrificante of apy difference thet mirht exist betwsen the




CHAPTER IV

RESULES

Bekesy Test Resulbts » Right Hse

Table IT shoys the Bekesﬁr Test regults for the right ouav;
The ci‘:ifﬁez*eme dimen has been ¢ompubed for vecruitment and no
récrulimert on the fast speed, 250-500 epﬁ; on the Fast spéed,
slow speed and 2FO«500 aps. on the slow spéeds The vesults
ghow & scai:ﬁergd f@%quenay distribution for both recruliment
and no vevruliments There was no distinet separation between
the m«:' grovps on the freguéncy distribubions The mean
ditferencs limen was Indiecated for cach criteria and showed
a8 lack of gonsisbeney plus no sppreciasbls differency between
the recruitment and ne recruitment proupse '

~ Bekesy Test Bestlts = Left Ee®

Table TIT shows the Bekesy Test resulis for the left ears

The difference limen hag heen compubted for recruiiment and no

rvecruitment on the fash speedy 250+500 cpsy, on the fash spled;
slov speed, and 2504«500 cpse on the slow spésds The mean

differense limen was indieated for sach ecriveria. The results
ware simillar to that of the right ear in that they showed a
scattered frequency distribubion for both recruitment and no
rvecruitment and thel thews was ne distinet sepavation betwsen




the two groups, The mean differsnce limen for the 1eft ear
alsw showed & lagk of consisterey aaé 1o appx*a%ame difféﬁ:‘w
ence betvesn the recruitmeont and no mcmitmem proupsy

124










TABLE IV
CHI SQUARE VALUES
Table IV shows Chl Square valhes on the right and left

ears for bthe reeruitment octave versus the 250-500 cps. octave
on the fast and slow speed. In order to be significant abt the
045 level of confidence a Chi Bguare must be ab least 1.90.
This was not indicated in any of the Ch® Sguare values .done.
No compubtation was done for the ears showing no recruitment as

the group was too small,

TABLE IV

CHI SQUARE VALUES

Recrultment octave vs. 250-500¢ps,. octave-Fast Speed-Rbs Far O
Recruitment octave ve. 250-500c¢ps. octave~Slow Speed-Rts Far O
Recruitment octave vs. 250«500cps. ocbave~Fast Speed-Lt, Bar 1,7

Recrultment octave vs. 250-500cps. ocbave-Slow Speed~Lt, Ear .21




CHAPTER V
SUMMARY AND GONGLUSIONS

This invegtigation compaved the Bekesy-type Test with
Fowlerts Binpural and Reger's Monanral Ioudnéss Balonce Test
63 recruilment, The specifle abjestive was to debeymine
whether the differencé limen #s measured by the Bekesy-tyve
audiometer can disériminate beleen récraiting and novs
recrulting ears a8 shown by the loudness balance methods One
hyndred and sixty-seven subjects between the ages of 50 and
o0 wete available for the studys

The audiclogicel aszedsment included Bekesy festing ab
Tagt and slow speeds and Iondness Balsnce Testing when pogs
sibles The Ipudness balance tesh resulis were divided inte
g¥oupd showing Reerullment,; Incomplebs Recruitwent, Could Not
Be Tested; Unreliable; op Nobt Dones fnly these resulis
showing Reertitment and No Recruliment were used in the
comparigon with the Bekesy data. The Bekesy resnlits were
eompubed Inty difference limen by averaging the width of all

exourgions within an ocbaves The difference limen for
recruliinent and 1o recruliment wag coupubed For the vebtave
above the requeney at which x'ecmimem: aud no recruitment
was shown to exist by the londness %aal&mee tests For




oM

d

~Jt

comparative purposes, the difference limen was oomputed Por
the 250+500 ¢ps, oebave on the assumpbien that recrultment
would noy éxist dn thal cctaves Fregusney distvibubions for
the differerice limen were scablerved and there was wo distinet
separation bebween the two groupss The mepn difference Limen
for eash ea¥ showed latk of ¢onsistency and no apprecisbie
differenee hetween the veeruiting and mnweémiiting grotips.
Chi Squaré'vaiﬁés ghoged no significant difference bebwesn
the right end left earg for the réaruiﬁmenﬁ:6€ﬁQVé~§ersuS
the 250+500 cpss octaye on the fast and slow speeds

Qanélusman&

This invesbigabion indicates that the Bekesy«*hype audmr-»

meter cannot diseriminate belween recruiting and none
reeruiting ears as shown by the loudness balande methode

Timitations

1: More control would have been possible if the data
used had been colledted for thisg specific study inshesd of
being gatheped for the genseyal Hearing éva;iﬁabiéh in the
Hearing and Commpupiication Projecte .

2. One tester inshead of two would have oliminated any
possible diffierénce in techniques

3+ The data did pob jnelyde eompari son ggoups of thoge
known to have norial hearings
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% Boudness Balapee Testing was done on only ome poss
gible ayeas -

s The group studied shewed sn ereatic response 'i:;a_ the
Bekesy Testings

Buggestiony fov Further Research
Lo A compapisen of the ‘differente Iimen wesulfis from -
Bekespatype Tesbing with loudness boflance btest pesulis in @
gubjechs with Heniersts Disense, oo
2y An investigobion of differéut methods o deberding
the differenge liren measuvenénd on the Bekesy andiogrems
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