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CHAPTER ONE
~ INTRODUGTION
‘Thé méasupemeﬁt‘of hearing usvally depeﬁds on a pers
son's voluntary response to the test tone of an audiomeber,
In order to establish a pure. tone threshold the tester must
relﬁ on the patient”s signaled ox spoken indieation of hear-
ing; This method is applicable in mﬂst.tést gituations and
requires only that the patient understand and follow simple
instructions. However, young children9 the psychologically
disturbed, or brain damaged patientsg may not respond volune
'térilyo A more objedtive measuﬁe of hééring is heedéd in
'these'cases,énd the use of a conditioned response to the .

test tone has provided such a measure (7) (10).
Conditioned Response Hearing Tests

Conditioning in audiometry invelves the presentation
of the tone, or conditioned stimulus, followed by an uncone
ditioned\étimnius which will elicit an observable response.
Following a number of presentatidné;'or éondi%ianing'trials;‘ 
‘the tone itself will elicit the response, Whi@h is then
@alled e eohditionedvresp@n@eo. The presence of‘a condim
tioned respoﬁse indicates that the tone was heard and hears-
ing may be measured without a signal from the patient,

A
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The Galvanic Skin Response Test. This test is wide-

1y used ag an objective measure of hearing. The galvanie
skin response is a_ehange in the electrical resistance of
the skin, which may be con&itionad'to the tones from an au-
diometer by ﬁsimg an electric shock as the un@onditioned
stimuluso

Doerfler and M@Clﬁre (7) used the test to measure
.fhearing loss in adults and obtalned thresholds that differed

only 2% db. from the actual pure tone threshold. The test,

however, has some disadvantages. The electrical resistance

of the skin is eonstantly Tluctuating and easily altered by
the extraneous stimuli present during the test. It is some-
'gimes difficult to separate these changes from the éondiwv

tioned response, Another problem stems from the use of an -

“nle@trickShock as the unconditioned stimulus. The shock is

‘unpleasant and Irequently makes the adminlstfablon of the

test dixfleulto

The Conditloned Eyebllnk Testo The eyebllnk is a

stable reflex Which may be ellclted by a flash of llvht or &
puff of alm’dlrected against the corneao The eyelld T8
spénse is well suited to conditioning experimeﬁts and has
received considersble attention in the literature. In two
of these studles 1t Was used as a measure of hearlngo

In 1936 Neet (36) compared the auditory thresholds
obtained by the usual method Wlth.those found using a condi~

tioned eyeblink test., A puﬂf of air from a hand @perated

i



 rubber bulb provided Lhe uncondltloned stlmulusg  He ébn;lx
‘ eluded that the two methods gave equivalent resultso~ ‘
” Galloway and Butier (10) remexamined the pos31ble
'usefulness of the- condltloned eyebllnk test They used a

pure tone as. the condltloned sblmulus and a flash of 11gh$ f‘i

Lf-as the uncondltloned stlmulusof The bwnaural thresholds dlfc‘f S

“fered less Lhan 5 dbo fr@m those found by the usual method, -

It Was concluded taat the test is a- potentlally useful ob="

Jectlve test of hearingo  Howeverg the practical appllcatlon  

’  Of the test seemed llmited through the use of elaborate |
lequlnment and condltlonlna trlals Whlch Were spaced over a

‘ three day»perlodo These two factors provided the 1ncenu1ve‘“ :,

z'-".flor the present 1nvestigatlono,;

- The Desigh'of.a PrgcticglgTést‘

The condltloned eyeblink test has several characterm |

“Hlstlcs whlch suggest lts use. as. a praetlcal cllnlcal Lesta e

. The use of a 11ght or alr puff as the uncondltloned sblmulusf £

f;;s not unpleasants and the eyelld resbonse 1s‘not difflcuit
g measureo The small devxatlong 1n aecuracy found by Galm:{?r

‘}1eway and Bﬁtler (10) seem to warrant an 1nvest10atlon 1n o
'terms of adaptlng the tesﬁ to the cllnlcal s1tuat10no |

Several factors are 1nVOIVed in the de31gn of a

‘  pract1ca1 test _ The apparatus should be as Slmple A pos@ . ; ;~ ¢

‘/31ble 31nee tne use of elaborate equlpment Wlll,tend to llmm;
@1t the test t@ the experlmeatal laboratoryo Ideally9 1t |
UV*rshould be posslble to glve the test ln one 31ttlngg Which
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will require the use of a rapidvand‘efficient‘conditioning
procedurec The‘twO main problems in the design of a practi-
.éal test are: ‘(l) the design df'simple equipment, (2) the -

desigﬁ of an efficient condiﬁioning procedure,
Statement of Problem

The purpose of this study was to modify the condi-.
tioned eyeblinkvhéaring test for c¢linical use. The main
modifieations'inveStigated were: (1) a speeded conditioning
procedure, (2) the use of simplified apparatus. T

A review of the literature on eyelid conditioning,
whieh is discussed in detail‘inyﬁhapter I1, provided much of
the information needed Lo establish a suitable conditioning
procedure and to form a basis for the design of simple
équipméntcbiy ’ - -

The present studj Was’designed to détermine whe ther
or not these modifications are practicable in adapting the

conditioned eyeblink hearing test to the elinical situation,



CHAPTER TWG
| REVIE OF - THE LITER&TURE

“ A,PQViéW’of tﬁe’manj experiménts‘on eyelid‘éoﬁdigfy‘
‘tioning svggested the speclflc characterlstics of an effld

cleﬁt condltlonlng proeeduregbana provmded some 1nformatlon '

on the desmgn of 31mp16 apparatus°~ Thls chapter w111 conw.;afif'"

/1'31der° (1) the @ondltioned sblmulusg (2) the unconditlaned

'f st1mu1us9 (3) condltﬁonlngg (L) 1nstructlon39 (5) appapabusdrf
ThevCénditionedﬂStimulﬁsf

In order to determlne a pure tone tnreshold of hear=

 ££§ gy the 1ntens1ty and frequency of the tone must be knownor}j .;”

The pure tone audlometer prov1des these measurements and wa

 ;0f cour369 de51gned for that purposeo, In a coadltlonlng eXw"w”l

Derlment 1t is de31rable to know at what 1nten31ty the tone_?  

 'shou1d be used duplng the condltloning trialse o

Meribser and Doerfler (6) eompared the results obe},

talned u31ng constant and varled 1ntersitles @f Lbe ton@ in 'rw*gf

coadltionlng the galvanlc skir responseo One group Was con@i

“‘:ditloned u51ng g 1000 CY61@ tone at 30 dbo and the Othﬁf‘

; group was. glven inten31ties of” 309 SOgand 70 db, . They fOHn&“‘,

 “no s:gniflcaﬁt dwfference in the extent of condltionlng bea

,tween the twg groupso
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Carter (u) USed 1nten31tles of 153 30, ESD 759 8na - -
- 90 dbo at 1000 cycles and found - thaﬁ the 1ntens1ty of the #
condltloned respcnse dld not va?y 31gnlflcantlyo He con-
‘,':cluded that - if the tone is above the: threshold of hearlng;;WJ:.

: @ond1t1on1ng Wlll take blaaeo
fThe "Umonditi oned Stimulus

& puff of alr Was most eften used as. the uncondla.l f'

[tLoned stlmulus in experlments on eyelld condltlonlng (h) ;f.7ﬂ1J '

"(8) (2&) Spence (QZ) compared the effects of u31ng a weak

: and a Gtrong puff and founa that the strong puff Pesulted £ f‘£3]

 1n e more lntense eondltloned responseo_ ﬁpence and Taylor '
"‘(AS ina 51m11ar experlmeat found a tendency toward better e

'_icondltionlng Wben a strong puff Was usedo

Spence and NOP?lS (hh) and L@gan (31) Used an ele®”f ?f“?“

;trode placed below the eye 1n order to present a shoek as.ﬁ*”

vyvithe unconditloned st1mu1us°‘ 

Gwant (12) compared the resulbs of u31ng a 11ght f;‘ :'

'Wlth those USlng a puf? of air as. ﬁhe uncondltioned stlmue ; o

"luso He found ﬁhat the response to 11ght Was more stable

from person o persen than a puff of alro There was a trend~ -

toward a slmpllflcatlon of the response to air as the exa‘5p7ﬂ H

,periment progressed and the response was varlableo The-iﬁ;‘;;ffﬁ

tensity of the response to llght also decreased° bowevers the

.‘decline was steadyo




“Conditioning

‘ Typee of‘Conditioniﬁbo Class1cal condltlonlng ine_”'a”w'

;volves the presentatlon of the condlbloned stimulus followed o

e by the unconaltloned stlmuluso In 1nstrumentel eond1t1®n=;e,f¢ fﬁ

- ing, When a condltioned respense cccur39 tbe uneondltloned

:,stlmulus is not presented Kimble and Bufort (30) and L@gan-“”

 (31) compared the effectlveness of the two methods in eondla

:»eg tioned eyelld eAperlmeats and found that 1netrumental eondlaf;f‘j]

. tlonxng was 1ess effectlvea_"u
| Wlleott (51) found that eyelld condltlonlng dld not

v‘occur when the 1nten51ty of the tone was below the threshold i

':y:of hearlngo‘ The occurrence of subwthreehold conditlonwng

;fwould 1nva11date the resulbs obtalned Wlth a hearlng test

'ef'based on eye11d condltlonlngo

‘wlﬁ?lng facbor ln the efflciency of a cendltlonlng preceiure;{’:

Kimble and Dufort (30) found that ﬁhe number of eonw~f’l’

"kdltloned responses was a better 1ndlcatlon of conditlonlng

%ﬁ5nthan the number of cendltmonlng trlals presentedo Thls Wae if17?33

: Tdue to indlv1dua1 dlfferenees in the rate of condltlonlng0
“fThe valldlty of adgustlng the condltlonwng period to the in-

ffleldual is chue indlcatede

The Interval Between the Condltloned and Unconﬁlm”;'i;""t

etloned Stimnllo The tlme 1nterval between Lhe onset of the

: tone9 or condltloned StlmULUSQ and the onset of the flash ef :"'k

- ﬁellght,‘or uneondltloned stlmulusg_ls an, Important determlnm “eﬁﬂff
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i ]Varlous 1ntervals have been used 1n eyelld condltionlﬁgg de» L

pendlng on the experlmenter and the purpose of the studya,

‘ The most frequently used interval Was hSO mseco} Thls 1ntere 

  va1 Was ubed in elght cf the studles rev1ewed (lO) (17) (18) g

‘5(19) (20) (35) (37) (h@) The most common 1ntervals other
1m;w.than 50 mseeo Were AOO msec. (23) (2&) (SO) and SOO maeco
o (29) (38) <u3>o ,“\ R L U

In a study by McAlllsber (33) on’ eyelld COnﬂlthﬁlng=i;fé

: as a fuﬁctlon of thls 1nterva1 1ntervals of lGO 250 ASO

- 700 »and 2500 mseeb'were-used An oPtlmum range of hOO to

o sponseso

;;500 mseco,was found howeverg it Was noted that an 1ntefva1-

’5 of 250 mseco was sllghtly9 but not sign1ficant1y9 superior
:;When a tone was used as the condltloned stlmuluso McAlllsmi;}A
Hitef (32) also noted that variations 1n bhe tlme 1hterva1

‘durlng the experlment resulted in fewer condltloned re»*j

Underwood (h8) mentlons that better condwtlonlng Te¢1juf§g

R .sults 1f the condltioned stimulus oveflaps the uncondltloned}ﬂf 

c‘t:v,rm;llus Wlth both stimull endlng at the same tlmeo -Whls

. pwocedure is known as the 31multaneous condltloned responsa BN

vf meLhod and is eften used (10) (33 (hB

The above studles suggest that an efflclent 1ntervalfﬁf‘f;

o between tne ccndltloned and uncondltloned stlmull is from ;ch‘”l

"{.,MGO to SOO mseco, It Was 1ndlcated that thls 1anerva1 shouldf£ 

" 'rema1n flxed durlng the experlment and that bhe two stlmull

."-should ond s:.multaneouslyo
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Conditioned Response Time Limits., The preéenee of a

lconditloned response may be determlned by measuring the la-
“tency of the response or by establlshlng tlms 11mits between“
 ,Which the response must occur to be counted as a eondltloned
“responseo ‘ _
Campbell and Hllgard (3) measured the 1ateney of the

eyelid response and found,that most conditioned responses
‘océurred between 200 and 300 msec. hGraht-(ll) reached a sime-
‘ilar conclusion and found the range of cdnditiOned responses
 to be from 259 to’ 332 msec. The results_obtaiﬁed by Porter
‘(39) dlffered sllghtlyo He‘fbuﬁd,most of the latencies to

. be from 205 to . th‘mseco Hilgard (22) used a loud sound as

; the uncondltloned stlmuluso He found that ﬁhe,average latens
" cy of the condltioned response was 195 msec, Kimble and Due
fsrtv(29) used a slightly 1onger interval between'the~coﬁdim
‘tioned aﬁd'uhconditioned stimuli and fouﬁd»the average eon=- -
ditioned’ response latency to be h25 msec., |

- In several studzes a fixed 1nterval was used durlng
'Whleh én eyelld movement was counted as. a condltioned Pe=
spongaot Moeller (35), in a study of the galvanle skln re-
spoﬁse testp found that a condltloned response range of 120
0 I50 msec., was ample for recording most of the conditioned
responses., In most of the studies‘revieﬁed on eyelid condi- '
| tiohihgp an interval between ‘the limits of 120 to 500 msec. -
" was used. (16) (18) (37) (43) (hg) In some studies the
11mit was extended to 650 msec., (19)9 750 msec, (17) (21)
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and\other:#alues (1) (31) (32) (33).
Grant and Norris (1l) and (15) found thet the Beta
regponse to light mey be confuged with the conditioned re-
sponge, sinece the Beta response range of7120_to-2h0 mséco_
- extends into the conditioned response range, Ste%ens (hé)
made allowance for this in‘suggesting that a gdod.eondie
‘ﬁioned‘response rénge; Wheﬁ'a-light wes used as the condia
tioned stimulus, was from 250 to L50 mseé.

| In,view‘of the average and range of latencies usual=
ly found and the fixed intervals most often used, én op timum
and servicable range, when a 1ight was not used as the con-

ditioned stimulus, seemed to be between 150 and 150 msec,

The Interval Between Trials., In a study on eyelid

condltionlng as a functlon of the inter-trial interval,
Humphreys (25) found that a one minute interval was more ef=-
ficient than a 30 second, interval, Spence and Norris (l)
used 1nterva1s of 9, 159 309 and 90 secondso They found
that conditlonlmg 1mproved as the length of the interval weas

- increased., The 90ﬂsecond 1nterval wag twice as efficient as

the 9 second 1nterval howeverg it required ten times as 1ong '

: to pPesenb a given number of trials Wlﬁh a 90 second interval .
as compared to a 9 second interval,

Vandermger (L9) gave one group of subjects three tri=-
alé per minube and another group nine trials per“minuteo He
found no significant difference in the raﬁe of econditioning,

In most of the studies reviewed it was found that a



etlenger 1nteratr1a1 interval is more. efflclent 1n tefms 01
- ﬁhe number. 01 condltlonlng trlalsa: thule 1nformat10p was ,i'
/f avallable concerning an efflclent 1nter trlal 1nterval ln

~terms of. tlmea‘

- Reiﬁfoﬁcemento'1f7ﬁhe conditioned'stimulus'is feln'

:elowed by the uncondltioned stlmulus on every condltlonlng

trialy the procedure 1s called 1007 reinforcement Slmllarmiﬁ7'j\

’ly‘9 if the uncondltloned stlmulus 1s presented only half of
!’%he tlmeg a SO/ relnlorcemeat procedure 1s belng LOllOWGd

| Several studles have’ been made comparlng the effectlveness
:jof these two proeedurese 57' L

Grant Rlope11e9 and Hake (19) found that SO/ random o

: relnfOfcement Was superlor to 1007 relnforcement 1n the aee‘,Jf5~~

‘quisitlon ef the eondltloned eyeb11nk9 and Lhat SOf-random

’ relnforeement resulted in faster condltlonlng than 507 relnwf}imfw

;forcement ngen in a pattern of single or double alteratlonso:’f:f

* Hﬁmphreys (26) found that the dlfference between
7*1()0‘7 and 507 random Pelnf0fcement durlng the acqulsltion of '
‘the conditloned eyebllnk was not 81gmiflcant howevera he -

moted that 507 relnlorcement Was superloi durlng ext;nctlon

o tPlalSo’ In anether study (27)9 he noted that 507 relnforeemlﬂ}f'

L,ment Was more efflclent than 100/ relnEOfcement 1n mayntanna_;1; j

‘1ng the galvanlc skln responeeof{ :
In another experlmenu9 Grant and Hake (13) noted a

'-trend toward slower extlnctlon 1f 507 random relnforcement

"Was used 1nstead of 1007 They also found that the frequency4 , &



:1?'
of conditioned responses durlng the training trlals was de-
pressed when 507 relpfowCement was used. ' -

Grant and Shipper (16) studled the acquisition and
‘extlnetion of the oondltloned eyebllnk using dlfferent pewm
centages of relnforcement ranging from zero %o 1000 and
found9 in generals that,the frequency of the copaltloned PE-~
s?onses duﬁiﬁg aéquiéiti&n was a function bf-the perceﬂtageAf
of reinforced tpiéiso As the percentage of reinforced trie
als was increased, thefperqentage of conditioned résponses_,
iner easedc a | | ' ‘ |

Grant, Shipper, and Ross (20) used 50% and 10@% reinm_
‘fOfcement in varioug combinatlons with massed and spaced -
Brlals durlng acquisition and ethnCthﬂo They LOUﬂd bha%
100% reinforcementvwas‘most effective in acquisition when .
the'conditioning trials were massed (ten sgcondsfépérﬁ)'add
that 100% peinforcement was most effective in”extiﬁcﬁioh' |
when both the.acquisition aﬁd extinetion trials were méssedo

Jenklns and Staqley (28) in a review and crlthue of‘
paftial relnforoement suggest*the use of 1007 relnf0fcement
Lo establ1sh the de31red behav1or 1n1t1ally and - then to use

partlal relnforcement to malntaln the OondltLOHed vesponseo
In view of these studlesva‘procedure of.lOO%‘relnm |
' forcement should provide the most rapid conditioningg and a
. proceduré of 50%’reinforcement'prove‘ample to maintain the‘

conditioned response,
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Apparatus ” o

‘*T The apparatus for a conditloned'eyelld experlﬁent.
A‘ ﬁmust perform two basic funotlcn3°7 (1) detect the conditloaed
responses (2) tlme the presentatlon OL the stimulloq Several;Qfﬁi"
¥  dlfferenL dev1ces have been used fOr thls pu‘rpose0 One Off::‘
‘» Wthe earllest experlmenters used a thread fastened to the}&‘
Q?éyelldsv The thread was connected to a 1ever system Whlch
- maved the recordlng pen, ;ifﬁ“vf .
| A pendulum ehronbgraph was often used in: eyélld ei;‘
 ‘per1ments to tlme the Stlmu1l¢  The chronogranh utlllzed thﬁi[ '; 

| f,censtant motlon of a pemdulum Whlch trlpped the sw1tehes &s f¢ff;j

it Was swung (50)0 N . B , :
Spence ‘and . Taylor (AE) and MeAlllster (33) used a
"ymleroterque potentlom@ber actuated by a thread @r w1re atmffiiﬁ 
tached to. the eyelld The alteratlons 1n the re31stance of.u'
‘- .,the potentlometer as the eyelld movedg changed ths freqaency*!‘;ii
QOL an oselllator Which Was eonnected to an. amnllfler9 reetlmﬁ; l{%
'”flerg and pen motore ‘> | » l-  ' ) ?75 | _
 _ Klmbleg Manng,and Dufort (30) attaehed a f011 eyelash
\Vj'ft§ the. suogeetvs eyelld The shadow cast by the eyelash a@a;f}fft
:  tuated a photoelectrlc eell 1ndlcatlng the oocurrence of a. |
oonditloned responseo S , | i ;;' : (
o ‘  G-alambos9 Rosenbergs and Glorlg (9) debected the ;;jjﬂﬁ;ff
’ﬁ":movement of the eyelid by us1n a phonogfaph cartrldge w1th‘f%ff5

i'a ereg in place of the needleg'touchlng the eyelld The[“

.*Voutput of the cartrldge Was ampllfled and v1ewed on an il



”'V?oihififz_

ﬁo&oilloscopeoy‘

Galloway and Butler (IO) studled the use of the conmf L

'J,ditloned eyelld response to tone as an obgeotlvo test of

5Vhear1ngo A beat frequenoy osolllatopg ampllflerg attenuatorggFoi”

"‘and headphones were used Lo present the- tones° In order to ;

) ;deteot and record the oondltloned response, a phonograph

p_‘eartrldge ampllflerg OSClllators‘and electroencephalogpaph R

fwere usedo A spot 1amp prov1ded the uncondlbloned stlmulus
'E‘and a photoelectrlo cell detected the flash of llght Whlch
: Was recorded on- the electroencephalographc Th’ '1ng of.
k‘ﬂthe stlmulus presentatlons was accomplished by u31ng ‘two -

l“electronlo,interval timers.
Iﬂstructionﬁo’r-"

| Grant (11) in & study on the effect of attitudes on f

”eyelld oondltlonlngg compared the effects of ualng pa331ve

« and actlve 1nstfuctlonso One group ‘was told to adopt an’ aﬁa if:fﬂ

tenblve attltudeg to Watch for the condltloned stlmulus and _fifll

": respond bY qu;ckly tapplng a flnoer When 1t appeared 7A:ff;f"ff{;

second group was told to remaln Da581ve toward the exper1m5~3~'

’;;ment He found that the. flrst group gave a. hlgher percent*

liage and greater amplltude of oondltioned responseseé fn’J.,'“’;

Mlllor (3h oompareq faellltorv and - 1nh1blbory 1nw'“gljff;

' ;structlonso He obtalned condltloned responses on 717 of thef?iii:

"”oolrlals when. facllltory 1nstructloms were. glven and 26% when'fjﬁf

1nh1b1tory 1nstructlons Were glvenoq,




A\».,;;,,‘.i5 |

Camnbell (2) controlled random‘bllnks by asklng the

subgect to bllnk before each trlalo;



| CHAPTER III T
INSTRUMEI\TTATION AND PROCEDURE

o The problem in the present study Was to determlne
e>the Dractlcabillty of two b351c modiflcations of the Condlw

ﬂ\tioned eyebllnk hearlng test thch Were des1gned to adapt

o the test to the cllq1ca1 situatleno_ The modmflcatlens 1nve8e fef;V?

";tlgated were 2 (1) a speeded eondltionlng pPOCedure9 (2) the'i'

f;use of simple apparatueol 4 rev1ew of the 11terauure on eyemfif?F“f

1id condltlonlng provided the essentlal 1nformat10n needed -
to desmgn the apparatus and set up an” efflclent condit10n1ng7"
'proeedureo, In order to test the practlcablllty of" these"

f'modlfleationsg the thresholds obtalned vnth the modified

":condltloned eyebllnk test were. compared Wlth those found

' ZTUSing the standard test of hearlngo‘ Thls measure of valldiaf
"~,ty and the 1ength of tlme requlred te admlnlster the test

'e‘served to 1ndlcate Lhe effect of the modlflcatlonso;’
. App‘ai%atus

JkDesigno A device was needed for thls experlmeﬁt.ﬁ
n:whlch would perform the follow1ng functlone°' (l) deteet and‘wy';
'! Pecord sllght movements of the eyelld (2) present the cone s
5d1tloned and unconeitloned st1mu119 (3) tlme these funetlonsc‘l

';accuratelyo The des1gn of thls equlpment was influenced by

6
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the choice'of‘conditidning procedure, the apparatus.used in
pfevioﬁs studies; and the Wriﬁerﬂs intention to use & simpie
device., = 7 |

The review of the literature indicated thétvclassical
conditioniﬁngas best sﬁiﬁed to the present study. This in-
volves the presentatlon of the oondltloned stimulus fbllowed
by the unconditioned stlmulus° fﬁlnge,thp_thrgshglﬁ'pfjheara
ing was to be determined, the use of a pure tone éﬁdiémetef-f
was indicated as a ?factical source for the conditioned stim-
ulus, | ' - | | |

The unconditioned sbimulus must be capable of elicite
ing an eyeblink, Of the three possibilities suggested in
the‘literatureg an'eléctric shockg'a pﬁff of airg’ér a flasgh
of light; the choice of a light as the unconditioned stimus
lus for the present study seemed most satisfactory. A- _
light is probably the least irritating of these three, The
‘ eyelid response to light is relatively stable; aﬁd mechan=
ically, it is 31mpler uo sw1tch on a light for a brief period
than to release a puff of air, | - '

The expériments on eyeTid eonditioning suggested |
that an efflczent 1nterva1 between the condltloned and une
coadltloned stlmull wasg from hOO to SOO msec, The choice o:
an interval for the present study was also influenced by the“
latency of cdnditiOﬁed‘responsesfand‘fhe‘use of reinforce-
ment. during the test trials. LIn order to recérd the condi-

tioned responses occuring on reinforced trials, the condi-



‘tloned resp@nse had to be measured before the cnset of the

Tluneondltloned stlmulusg therefores it was. necessary that the ;:t”}r

-

"7t1me 1nterval be lono enough.to 1nclude the 1nterval dur1ng

‘_5whlch a conditwoned response could be recordedg'excludlng 5;.

“b11nks caused by the uncondltloned stlmuluse ‘Ifs for.examwfﬁf:‘-7'

| ple9 an interval of 250 mseeo Were used :1t deid;bé iﬁp63; yTﬂ5f4’¥

[~31b16 to record a condltlonea remponse on relnferced brials .

wWthh “had - a 1atency greater than 250 mseco If such recordef _;,, _

' ings were made, the plink ellclted by the Umcondltloned stim»","-:.'“.f:'i"':."_"-‘."f

ulus” would be counted as-a eondltloned responseer Slnce 1t

f_was de31rable to record condltloned responses Wlth latencles 55 ;3”

up to 1150 mseco; a ABO mSec 1nterval was chosen for thls o

 3studyo o

Another problem in the d631gn of an efflclent conm_;ffg f;f

dltlonlng Procedure was the choice of condltloned response  ’95"”

<'.fft1me 11mitso These 11mits were establlshed by notlng the

Vfaverage and range of condltloned response 1atencles 1n studegg”[ngi

ves whers latency was measured and by notlng the condltloned[‘
‘response tlme 11m1ts used in other studlesa_ The ch01ce of o
‘Ei' ,li ts for thls study Was also 1nfluenced by the use of‘ :
-jsound as the c@ndltloned stlmulus Whlch made it p0531b1e to

extend the upper tlme 11m1t to 150 mseco" In most of the

' studles reviewed 1t was found that a lower llmlE of 50 mséé;?¥5xﬁbk

was ample forwrecordlng condltloned reSponses¢ An 1nterva1

”‘;of 150 to ASO mseco Was chosen for thls experlmento;:



'Consﬁruotions Tbe main oon51deratlons 1a the cona A,

' structlon of the apparetus were (l) 51mpllcity9 (2) acovw-:f;ff'f

Paeyg (3) sen51t1v1tYs (h) qulet operablonoe Wssentlallyg theﬂ_;;-:

‘]‘equ1pment eonstructed for bhls study Was found to satlsfy

these requlrementso It was not dlfflcult to build end the

s parts were ea311y obtalnable ‘and- inexpen31veo L

The movement of ‘the eyelld Wae deteoted by a model

:.-30 Astatlc phonograph cartrldgea' The needle was - replaeed byzj?ffﬂf

a 2” 1ength of 1/16" plano ere tlpoed Wlth a 3/16" pTastlc
Cball, A paper eyelash 3" x 1" was attaehed to the eyelld

- with a tlny strmp of adh581Ve tape S0 as to slope upward at

: about a AS degree angle. The plastlo ball was placed agalnst;;fif

%i‘Lhe paper eyelﬂsh with enough pressure to bend the paper to

a nearly vertical p031tlono’ Thls was acoompllshed by adgustm-fffwf

- 1ng the sw1ve1 mount of the’ cartrldge whlch was attached te:-"'°"ﬁ*

an oto=seoplo'headband _ An eyebllnk moved the paper eyelash.e773“'

 vacross the plastlc tlp Whlch generated a ourrent in the carm fa.;;ﬁ

'".trldgee: The output of the oartrldge Was ampllfled by a VM

L model 985 ampllfler Whlch uses & 3525, a 128@,79 and a. SOL6

‘f’tubeo The ampllfler OUtput Was connected Lhrough an lnterwﬁffilugi

‘Mstage transformerg whloh had an 1mpedanoe of 10 OOO to

‘ ’100 OOO ohmss to a sen81u1ve relay olroult ut11121ng an 0Ah_i.fﬂ*~

dfthyratron (41) An 8@00 ohm. felay was conneeted 1n the'i"oﬁdm'&"

efplabe clroult and,lts oontacts used to. turn on an NEaZ neonﬁff?TfV~

'Ilampo, Thls clrcult 1s shown 1n Tlgure l0 The O&u tube Wasjffifﬁfﬁ

‘ palnted bWack to av01d false trlggerlng from ohanges 1n 11=f?3?
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vlumlnatwon and the neon lamp used to indicate the GOndlw
tioned responseo The maX1mum output~of the VM ampllfler was
- used and the voltége on the OAll adjusted to a point just be=
‘low firing. A‘very slight movement of the eyelid was suffi~
cient tb cause the tube to cohduct and turn dn the neon{
B lamp, |
| A Maico D=9 aﬁdiqﬁetef'was used to pro&idé the test
_tgnes and regulate ﬁheir frequency and intensity. Provided
“with the”aﬁdiﬁﬁéfef"ﬁéfé Permoflux P.D.R. 1 héadphoneslwith 2
aLl/AB cove:nso |
| . The uncondltloned stimulus was prov1ded by a Chame
':Dlon 150 Watt reflector spot lamp mounted on an adjustable
stand, The spot 1amp Was conﬁected 1n gseries with a 75 Watﬁ
‘llght bulb Wthh kept tne ‘spot lamp lighted to a dull Ped
allowing the flash of 1llumina%10n to be more brllllant
since less time was spent in Warmlng the buloo‘
'~ The automatie switching deviceg'used to_present‘and

time the stimuli and to set the‘ﬁime 1limits fér_the condi- .

ioned‘response9 was built around a small electric motofo
The deviqeg Wheﬁ staptéd with a push button, turned on the,r
tone fofﬁhSO'msécop furned on the light for 100vmse509 énd
then disconnected both. @ontacts were also used to makeAit
‘poss1b1e to reeopd the conditloned response durlng the inm
:terval between 150 and hSO msec, as measured Lrom Lhe onset
of the tonec' After performlng these SW1tch1ng operatlon89

1the ‘mechanism was ready for the next trlalo
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R small synohronous motor was. geared down w1th tWOfff

*:rubber phonograph ‘drive wheels and used to turn a shaft at,ff ‘”’

thé speed of one revolutlon per second A I® X 31" pleX1mv

‘glass disc was fastened to the end of the shaft and ‘three

"'palrs of curved wire contacts Were attached to the face of1 ;fT5i"

~ the’ plex1glass dlSGo The rirst wire was 1ocated 5/8" from?5 :

the center of the disc and the rest of the wires Were spacediﬁ~
at 3/16“ 1ntervalso The curvature of each Wire followed a
; clrcle scrlbed at 1ts dlstance frem the center of the dlsc

”and Cas the dise turned the contact remalned in a. flxed pcm',

‘ ‘f's1t1on relatlve to the centexao ‘The d;sg,and~conﬁacts;are_,_if”ﬁfﬁf

8 drawn 1n Plgure 2

Slnce tme dlsc completed one revolutlon per second

'“°fﬂ,$he clrcle ) 36@ degrees passed a glven point 1n that perlodjqﬂfﬁff

\af tlme° Swmllarly, an area of 36—degrees passed a given o
';»p01nt in: one tenth of a second or lOO mseco' On thls bas1sgjb

':the ere contaets used to switch on the 11ght far example$  ‘f

”“‘were 1ong enough to' cover an’ area of 36 degrees at. thelr

H'*ito pass the brass contacts 1ocated along the horlzontal

partlcular radiuses. The centacts Were arranged on the dlsc :

flln order tnat the pair used to sw1tcm on the tone were flrst@#fff fW

"radlus of the disco The number of degwees between the pa1?s {’

. of eres .on the dwse was determlned in the same. manner as

Lﬁfthe 1ength of Lhe eresolyThe brass eontacts pressmng

:_ i ‘ L

. against’ the fade of the dlsc were conneeted for the requ1?edf,1 f_;

'number‘oﬁ milliseeconds as the‘mire»contacts passedc»
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’FOlioWiﬁg’tﬁé‘sﬁitching'opefationbla 1evér-attachéd
',to the*one‘rps°”shaft~opened'a pair of contactsvwhich dis=
‘ﬂconnected the motoro The;switching operation could be rem‘
‘peated by pressing the stavt button whlch was eonneaced
across the motor switeh, Since the motor required about 250
msec., from thé time the current was mﬁe‘d on, to feaeh-"‘
its peak'spéédg it.wés necessary'toﬂstoﬁ the motérlimmedim'
ately following the switching operation. An eleqtrickbrake
was added. With tnls addition“’ch_e motor had nearly 500
‘msec. to reach its maximum-speéd'béfore’thg SWitching opér=z
" ation waS'begun; This insured the accuracy of the stimulus
\vp\resen’catiOno By holding inAthé start button‘aﬁd comparing
the click of the ﬁotéf switch to the one second markihég on
a Watﬁh no variation was visible over é pepiod of 60 éeCa
 onds¢ The accuracy of the device seemed ampleo
| Wltm the exceptlon of the audiomeber and spot lamp,

- the apparanus was housed in a cabinet measuring 11" x 83" x

7%? .
Test Procedure

Although 11t%1e ev1dence Was ‘available for the fola
‘ 1ow1ng bellef the erter felt thaﬁ the procedure used in *he
,‘test,trlals should not be forelgn ho the procedure used 1n
the conditioning tri’tlsc It seemed that tfansfer of tfaina
lng would most 11kely oceur if the 31tuatloas Were smmllaro

It wes declded that tramnlng and tesc trials should be made



moreﬁﬁéafly‘alike‘by prQSenting‘the*ihténsi%ies ahd.ffe@ueﬁ;f B

B ,éiésmin:the samé‘geﬂefa1 ordef during both pericds. -

Condltlonlng Trlslse, A ééhditibning friélléonsisﬁédfﬂ"v
;,of presentlng the tone or. condltloned stlmulus to the subn Ry

*~3ectﬂs rlght edr for hSO mseco followed immedlately by the

'flash of ll@hﬁ, or. uncondltloned stlmulusg 1ast1ng 1100 msece' i

y The tone Was contlnued durlng the presentatlon of the 11ghb

B and both stlmull ended at 550 msece as measured frcm,the on= _f

L set of the Eeneo The 1nterva1 between trlals was arbltrarlu:f;:
'”1y chosen and ranged from two to twenty seconds, howevev

‘,tae most frequently used 1ntervals were from.flve Lo ten

’ .fseconds and averaged approximately elght secondso_fi5 V'*

For ﬁhe presentatlon of the flrst eonditlonlng trlal ?

5f  the - frequency dial of the audlometer was set at 512 cycles

E{and the 1nten31tj daal seﬁ at 70 db One condltlonlng trlal VFf'”h

’Was glven at that settlng and the 1nten51ty reduced ﬁo 60
'vd A condltlonlng %rlal was given at 60 db and Lhen at
each 10 db step untll the 1nten31ty was redvced to 30 db

. The frequency dlal was then changed to 102@ cycles and the: jig;_fﬁ)

"ivaflous 1nten81tles Were presented 1n the same ordero' ﬁolwvxf

""10W1ng tne condltlonlng trlals glven at 102& cyelesggthe

;gfrequency was ralsed o 20&8 hogég-and 8192 cycles 1n that”'
yalerder and the procedure repeated The oondltlonlng tvlals

‘Qﬁwere coatlnued untll the sub;ect condltloned wwthln a tlme> {5

f;"llmab of one houro"-If it became apparent that the svbjeet'”iy,,”,,

' Was not condltloninm after a AO mvnute perlod9 the test was



| discontinued,
A COnditioned fesponsé Was‘defined as an eyélido
fo movemeot occurrlng between the llmlts of 150 to ASO mseco,aS’
‘,measured from the onset of the toneo, It was necessary for
1the eyelld movements to be strong enougn to aotuate the ree

‘ cordlng aoparatu3° howeverg‘a sllght movement was sufflw

26

‘A‘clen’co Eyebllnks Were often recorded Whlch were not v131ble’fv"

‘& fei fest away.

Test Tfialso When three consecublve condltloned res . |

‘”ffsponses were’ ‘pecorded durlng the . condltlonlng trlalss fheﬂ?i”ﬂﬁ

1 condltlonlng perlod ended and the test trlals Wepe begun

‘;Wlthout-lnterruptlone The frequency dlal Was set at 512 Cy“ﬂf;;.fo

ncles and: the 1nten31ty dial at 70 db. - Four test ‘trials Were'*”

_1presented at thls settlngc, If two condltloned resnonses oc~ L

ffcurred out of the four presentatlonsg the lntens1ty was Pee!f{?,;&

duced 10 db. and four additional trials glvengf The 1ntenslu‘A‘*”“

ty of the tone was, reduoed in 10 db steps untll two Condla”i 

‘tloned responses did not occufo, At thls point the 1nten31uyfﬁi."

-,1was increased 5 db \ If two condluioned responses occurred

 :the 1nten31ty was 1owered in 5 db stepso~ The lowest 1nten»?fiﬁ3*V

 31ty at whlch 3wo condltloned responses were obtalned,was;
'V.assumed to be the thfeshold for that frequency and was rea‘

'hoorded on the audlogram blank The process was reoeated at

'7{A“102h§ 20&8 u096 and 8192 cycles in that ordero. The’subujo]i::”

13ect?s random bllnks Were eovtrolled by beglnnlng the tesﬁ

"’»Vtrlal 1mmed1ately follow1ng a spontaneous eyebllnko_




Durvng the test. trlals a pr@cedure of 507 ramdom reci'
1nfovcement Was used to malntsln the condltloned response@ff'
»”COTG (5) noted that the condiﬁloned response«beCﬂme mpre-

' dlctable when the subgect no 1onger expeeted the uncondlm'" 'Tﬁ
tloned StlmUIHSo: Relnforcement serves to malntaln the sub; ;

'H;Ject's expectancys- The random order of relniorcemept used

 '1n thls study Was sllghtly modlfled so thau three consecuw Af}f“i"“

tlve presentatlons of the llght or 1ts absence did not oc=  ‘M

‘curo. v , |
| The test trlals and the pattern of relnforcement”

’,fﬁéféy $n. pawt adapted to the person belng tested The uée

.of a flex1ble ra aer than a fwxed procedure made 1t posm ;Q:H

‘r’s1ble to allow for 1nd1vldua1 dlfferences in Lhe ease of cona SR

dltlonlng9 the frequency and 1nten31ty of the conalti@ned
; Pesponseg and the rapldlty of 6Xt1n0t10ﬂs‘ Actuallys only
::Nsllght modlflcatlons of - the ba31c procedure were needed @ﬁ"”
 the’ follow1nv c1rcumstances alterstlons Were madeb' (1) 1f”
 “the subject frequently Pecorded condltloned responses but

dld not racord three consecutlve responses, the test trlals.-

were begqu (2)”lfs in the eondltlonlng trlals9 condltloned_ﬁ :"“ ;

;responses occurred aL low 1mten31clesg the test trlals Were f]gf7

- begun at 10W 1nten31ty9 (3) if the’ subject fecowded con31sm;g
'tent condltioned responses durlng the test tr1a189 £he perm‘*" 

- centage of reinforcement wasg requced (u) Slmllaflyg 1f few**

'i'condltloned responses Were recoraed tae percenzage of relnm ffﬁ;u;

‘ffgrcement wasvlncreasedg,(S) if the:subqect frequsntlyw.-



}écordéd only oné conditioned response out of the réuf‘%rié’
' ‘a1siaﬁdidid'nét;fecord“conditioned'responses atiloWéfiiﬁ%
tensities, the tﬁreshoid waS'recofded infview of the singlé.

respoﬁséo
: Subjeets

| Thlrty=three subgects were tested in this study.
Elghteen of the subgects were men and fifteen were women,
"_Lwentyaelght of thls group were @nrolled in speech and edu-
catlon courses at the University of Arizona durlng the sum-
  mer 363310n‘0f 1957, Three others had been enrolled the
Aprévious yearo All of the subjects volunteered‘qu the ex-
perimento The age'Pange bf“the Subjects.was from 15 to 51
~years, The average age of the Wwomen was 29;5 and ﬁheta#eﬁm'
age_ége.of the men was EM;BO.HThe’éXperimentér was not aware

 of the subject's hearing aculty prior to the experiment,.
Administration of the ‘Test

The tests were glﬁen in & qulet alrmcomdltlon@d
7rodm; The @qulpment was plaeed on a desk and arranged so

~ the subject @ould not see Lhe controlso The experlmenter
was seated in front of the desk and the subgect seated in a
.straight back chalr at the smde of - the desk facing the spot
lamp, The only persons pregent durlng the test wera the EXe=
perlmenter and the subgact | |

When the subgect arrlved for hisg app01ntment he wasg
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asked to be seated and his name and age were Pecorded on the

i audlogram blankq> The 1nstructlons wers then read ‘and the e

paper eyelash, obo-scopie headband and earphones flxed in
placéo The subgect was asked 1f the apparatus Was com=
A?ortable and necessary adgustments Were madeo Lhe spot 1ampf
was adgustﬁd to the subJect?s eye level and- the cond ioning
“brlals were begun as prev1ously descrlbed The test trlals:f;
_followed without 1mterruptlon and the thresholds were re-
corded on the audlogram blank The time reanFed to give
kthe test was recorded to the nearest flve minute 1ﬂterva1;
Upon completlon of the experlmental test the-apparatus~was
'removed and. the subgect cold that the staﬁdard hearlng test

Would-beglno He was instructed to answer yes 'each-tlme a

tone Was heard The tones were presented through the appaak“

Patus and the threshold at each frequency was crossed severmlrvw”‘

.81 tlmeso v

Wheﬁ the test Was completed the subject was glven 2
card 1ndlcat1ng hls threshold of hearlng at the varlous fre=
quencles and the audlogram was dlSCUSSGdc The purpoge_of
the experlmental\test we.s brlefly_explalnéd“aﬁd,thi§V¢Ohs

cluded the~téstinglseséionog

| InstrUeﬁidhs;' Tt was found in’ the revzew of the’

1iterature that condltioning was alded when the subjects
Were asked to. deVelop an atteﬁtwve attltude toward the ex« 

:perlmento Tt is probable that such an attlbude oould not be'

developed‘ln patients Wlth whgm it would be necessary to use
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an objective measure of hearing. Since the present investi-

gation dealt with the clinicel use of the conditioned eye-
blink testg‘facilitory instfuctions-Were'not givéno

| | " The 1nstructlons read to the subJects were essens
twally pa331ve and are.as. folloWsa

You will be given two hear:ng tests, The first is
an experimental test and the second is the usual.
test of hearing. During the experimental test the
movement of your eyelid will be recorded by this.
phonograph cartridge when a paper eyelash rubs
against the plastic tip. You will hear different
musical tones from .the earphones and this spot

. lamp will sometimes flash on. During the eyperi=

. ment don’t blink your eye oh purpose, but il you
want . to blink don't try to keep from bllnklngo
You will need to look in the direction of the
lamp, but other than that all you have to do is
just sit and relax, I”ll tell you more about the
test later, :

- 5,@reatmentiof the Data

The majof‘cbmpariséns made in-this study were of the

 thresho1ds obtained with the comdltloned eyebllnk test to
those found us1ng the standard test of heerlngo |
1o The extent and direction of the deviation of
each éonditioned éyebiink measurement ffomkfhe standard
ﬁhreéhold measuremenhwWas presented iﬁ.tablé'fofm;
2; ’The:avérage-number_of decibels, for the five
‘frequenéies'tested that each pefSon-dﬁffered from the
standapd test was indicated in table form and graphed

3. The average number of decibels that all of the

fsubgects differed at each frequency was 1nd10ated in table.

form and graphedo-



e

J”h; A comp031te audlogram was drawn based on the av»f“
 erage eondltioned eyebllnk measurements and the average ; |
 standard threshold measurementso- B | |

‘_5o A graph Was drawn Whlcn 1ndlcated the percentagefﬁ'

. of COﬁdlbloned eyebllnk measurements 1dent1cal w1th the

standard measurements and dlfferent from the standard measw f:g;

,i urements,lndebq;suepso.-S;mglar graphs,were_made‘for egeh

 ,frequeqcyo | - o . |
Informatlon concernlng the number of subgects Who

were condltloned aad the length of tlme Pequlred to glve the!.

best was also presentedo 



CHAPTER IV
RESULTS

1TnufheiprocessAof adapting thelebﬁditiShéd‘eyébiiﬁk 
'fvh@aring téét %o'thevéliniéal sitdatidng‘fhe'usé'df a shbrtw‘
ened condltloninQ proeedure and smmpllfled apparatus W@f@ |
 1nvesb1gated , The practlcal value of these modlflcabions

was. observed by notlng the number of pewsons who were comdlw

~t10ned the length 01 t1m8 requmred to glVe the. testg and by s

comparlng the thresholds so obtalned w1th thase found. u31ng

”lﬁhe standard test of hearing,
Cbnditi:oning Resulii:s -

Th@ tlme f@qulred fof the suDJe@ts to condltion

ranged from less than one mlnute to 45 mlnutesd’ Most of the- -

- subjects condltloned 1n approxxmabely 20 mlnuteso These re=  1
“.sults eompare favorably Wlth ‘those found by Dcerfler and o
M@Clure 7) Who nOued g range of flV@ to’ 26 mlnut@s 1n ga1=
‘vanle skln response testingo | : ; ‘ “ |
| OL the 33 subaects used in thls studyg 2& completed ;f

"the t@sto. Th@se 24 subjects were equally lelded ag’ 40 SeXo

Nine of the suogectsg‘31x men and three Women9 dld not cena'“””

"_dltlcno Two oP those Who falled to condltlon dld not’ remaln*?
;»éwakefdurlng the tesﬁgvand the reSanse.Qf anothep was too

32



vig‘lneen31stenﬁ to measure accurately With elther the eyeblxnk i i

or standard testso The remalnlng °1x subgects wecorded few- ft
‘;condlﬁloned Pesponses durlng the coad onlng perlod "The
_ffallure of these subgeoﬁs to conditlon and the varLatlonsllﬁijjf fv
\"the tlme requlred for condltlonlna to occur were prooably -5 
due o Uersonallty factorsa‘ Taylor h?) aad Framks (8) |
'7 found that anﬁlaus g?oups condltlon more readlly than nonmi'“:' “'”
.énxlous groupso A | o o . | B

| Approxwmately 807 of the subgeccs tested 1n thls

study oondltloned 1n one s1tb1ngD Most of these subjects
condltloned 1n approx1mately 20 mwnutesdl ”heseriwgures sug%
.gest the, fea31b111ty of u31ng the test in & clﬁnlaal s:.‘tu«= |

"ationa-V*
The Eength fothe TéSﬁ__»

E: The tlme Peqvired for the eompletlon of the test Was ;
v:‘dependenc on the rate of COhdlthﬂl g and the con81stency of '
the condltloned,responseo~ The average time needed to a@m1n=(.‘
1ster the condltloned eyebllnk test Was 33 1 mlnuteso The |
‘average tlme for the man was 32 G.mlnutes ‘and the average :;f 

f'nlme fOf the Women.was 33 T mlwuteso vThe subgects aged 25 .

‘,jor over averaged 32 O mlnutes aﬁd the subgects under 25 anjf}'*

:eraged 33 9 mlnuteso Whe sllght dlfferenees between,the age'°"

tf‘and sex @rauplngs.and tbe total Were not cons1dered to be»" ;vf,_!g

.Slgnlflcant Tablévl-lndicatas,the number,ofvsubqeeps Who .

.comnleted the test at‘vaﬁiouﬁ*five'minute intervals.
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TﬁBLE 1

THE TIME REQUIRED TO COMPLEﬁEr
o THE EYWBLINK TEST i

No., of SubJects;: a;M;nutes
3 o o_‘o. o o"o‘ o o © .20
o S o ,o'o.‘ ‘ovo‘.‘o‘ o o b 25
6 ;: o .o o‘,i'o o. 0o o e 30
o i'o 'o‘,,o_"o'_'o,\'o,‘_ 0,0 .10 ;
4+ © o .0 o o o e o .0 ‘O
,1.0 o .c;‘o‘ ‘o o & o 5
2 .o &6 6 o 6. 6.0 "

'A’Comparison,éf‘ths Thréshbldsf@bﬁained* SR

The taresholds obtalned thh the oondltioned eyewﬂ

‘,‘bllnk h@arlng test are presented 1n Table 2 in relation te
the threshons found using the standard test Thernumbe -of {,

‘declbels above or below the standard measurement are’ glven

for each subJect at each frequeqcy tested The average dee'

-v1atlon for each subgect at all- frequencles and for all subojh;f’
. Jects at each frequemcy 1s glven 1n decibels in the rlght
vhand column and 1ower row PespectLvelyo These deV1atlon5

‘are granhlcally presented in Flgures 3 aﬂd ho

rr‘I:txe average dev1ablon for all subgects at all frew

quencles 13 5 83 db f?om the standard test measurementso;

"Thls 5 83 db. average errorg when separated into- avepage ep-

ror above and below the standard measures becomes 3 87 db,

'above and 1. 96 db., belowo ‘It 15‘1nterest1ng to pote 1n-Ta;
ble. 2 that the condltloned eyebllnk thresholds measured at

“8192 cyoles contaln the flve 1awgesn GPfOPS as. well as the

greatest number of accurate measurementso If these flve



*errors afe not 1neluded in tne overall averagey;the average A

'error becomes li. 17 dbo;v ”

TABLE 2.

THE DWVI&WION OoF THM GONDITIONED RE SPONSE TH?ESHOLD& IN .
DEGIBELS ABOVE OR BELOW THE ST&NDAPD THRESHOLD o

vage@t ‘ { o .,“_f Frequency -  ff o ;,» 7:  'M§ag?gfff'~
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| The condltloned eyeollnk thresholds obtalned by L
Gaﬁloway and Builer (10) averaged h 95 dbo above the standz,;

ard test measurementso Those found in the present study ave;~:5:f“

- eraged 1,91 db, above uhe standard measurementso; Thls apa'

'parentlyvindiéates a»large reduct;on in error; howevar9_ 



Deviation in Decibels
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Fig. 3. The average deviation of the conditioned eyeblink
thresholds from the standard threshold for each subject at
all frequencles.
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The average deviatlion at each frequency test-

ed of the conditioned eyeblink thresholds from the
standard thresholds as measured in decibels.
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 'these fwgures may be mwsleadln i Ix all of the errors ﬁade
by Galloway and Butler were above thﬁeshold then the 3 87 -
  dba average error 1n the present study lS mcre apt for comwx;iff
parlsono  | |

A sllghtly dlfferent preseﬁtatlon may elaplfy the

| 'ﬂprev1ous dlSOUSSlOﬂo OL the 120 threshold measures made in L

thls studyg 33 Were below the Suandard threshold 52 were

"\j_correctg and 35 Were above threshold The 33 measures whlch_;‘

‘ 'were below the standard threshold averagad ? 12 dbo belowo

':; The. 35 measures whlch Were above threshold avefaged 13 28

"7[ ;db aboveo If the flVe lafge errors made at 8192 cycles &?@ §"‘

not 1n01uded the average error above threshold 13 changed

6 8. 16 db..

In Flgure 5 a comp031te audlogram was. plotted ln' ’

- Adeclbel stens at each fredueney Lested ' One audlogram is

"_based on: the average measurements made W1th the condltlonedff

:“Aeyebllnk test and the other is based on the avepage measurséL'

ments made Wlth'the stanaard test of hearlngo The proximity

75_of tha two audlograms 1ndloates the valldlty of the condlm_,i'

.’tioned eyebllnk test w1th the exceptlon of the measurements

' made at 8192'cycles° Slnce the composite audlo@ram.ls baseéﬂ
:5jon averagesg ‘the agreemént of the two tests should not. be |
consmdered an 1nd10at10n of the - predletlve value of the cona,_
’f'dltloned eyeblvnk test Wlth a 81ngle subgecto | | -
B The percentage of condltloned eyebllnk measuremeﬁts -

'1dentlcal w1th the standard test measupementsg and the
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Fig. 5. A composite audiogram indicating the av-
erage thresholds for both the conditioned eyeblink
and standard hearing tests. The solid line indi-
cates the standard test and the broken line indi-
cates the conditioning test.



| | ko
kpéf&éhtége wﬁich’différed‘aﬁf%afiéﬁs db., teps;*are'grabﬁea
in Plgure 6 Slmalar graphs for eaoh.freouency are shown in
‘Figures. 79 8 9, 10, and 11 ' |
Tt shovld be ﬁoted in blgure 6 that a sharp re-
duetlon 1n the percentage 01 measurements occurs ag the‘er
ror'exceeas 5dbo Actually9 807 of the condltioned eyeb 1nk
thresholds dlffered 5 ‘db, or less from.the standard thresha
’_old testo Thls measure seems to Warrant an 1nvest1gaticn of

g

Lhe modlfled test in the cllnlcal s1tuat1®no«



Percentage of Conditioned Eyeblink

Threshold Measurements

35% | _
30%
25% |
20% |
15% | _
10%
5% 1
0%

Odb Ldb 10dDb over 10db
Error in Decibels .

Fig. 6. The reduction in the percentage of con-
ditioned eyeblink threshold measurements, at in-
creasing decibel distances from the standard
threshold measurements.



60%
50%
Loz
30%
20%
10%

0%

60%
50%
Loz
30%
20%
10%

0%

0 0db 5db 10db over 10db

Fig. 7. The reduction in the percentage
of conditioned eyeblink threshold meas-
urements, for the frequency of 512 cycles,
at increasing decibel distances from the

standard threshold measurements.

0 0db 5db 10db over 10 db

Fig. 8. The reduction in the percentage
of conditioned eyeblink threshold meas-
urements, for the frequency of 102 cycles,
at increasing decibel distances from the
standard threshold measurements,
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Fig. 9. The reduction in the percentage
of conditioned eyeblink threshold meas-
urements, for the frequency of 208l cycles,
at Increasing decibel distances from the
standard threshold measurements,

0db 5db 104b over 10db

Fig. 10. The reduction in the percentage
of conditlioned eyeblink threshold measure-
ments, for the frequency of 096 cycles,
at increasing decibel distances from the
standard threshold measurements.,
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Fig. 1ll. The reduction in the percentage
of conditioned eyeblink threshold measure-
ments, for the frequency of 8192 cycles,
at increasing decibel distances from the
standard threshold measurements.



 SUMMARY AND ccmcwsms B

, An effort was made to‘d631gn a @ondlticned eyebllnk
'héarlng test fOf cllnleaT useof It Was deemed d831rable to'
vuse 31mple apparatus and a condlﬁloning pfoeedure Wbleh WOHld:H
 ;a13®w rapnd admlnistratlono ‘ s il | | .

B review of the 11terature on eyelld condltl©ﬁlng
~provided much of the 1nf©rma%10n needed to set up an. efflm o
’,clent eonditionlng procedure and suggested p0581b1e ﬁypes
of equ..pmen‘to ‘ a | B ,.

: The proper tlme 1ntervalsg t&me 11m1tsg and order of F}
* the stlmulus presentatlon¢ W@?e incorporated 1nto a 31mple E
swmtchlng devlce whiech utlllzed the constant speed 01 a synm'.f
-chronous motor and sllder contacts to present and tlme the |
.°9étimu11° Tbe eyebllnk Was deteeted by 2 phonograpn caww' 
trldgeg and the ampllfled 51gnalsg Vla the szt@hlng dev1ceg'l
' operated a pelay used te switch on a oondltloned pesponse |
"indleatorc_ A pure tone audiometer pWOVlded the coaditloned
stlmulus aﬁd a flash of ligbL was used as the uneondltloned -
  st1mu1uso .  » | : |

‘  The test Was giveﬂ to 33 subgects in an avepag@ time‘;:'
of 33 1 anuteso The threshold measures octained Were come ;“
pared to the subgectsﬂ pure LOne thresholdso: Fortywthr@@ |
' :percent of these measures Were the same and 907 were w1th1n
10 b, . ' |

"J_H5 x;g;”j‘



It cen be concluded that these results warrant a
‘further examination of ‘the modified test in the eliaical

situation,
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