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CmPTER ONE- 
IJJTRODUCTIOM

The measurement of hearing usually' depends on a per­
son's voluntary response to the test tone of an audiometerQ 
In order to establish a pur© tone threshold the tester must 
rely on the patient's signaled or spoken indie at ion of h©ar<= 
ingo This method is appiieable In most test situations and 
requires only that the patient understand and follow simple 
instructionso . However9 young .childreng the psychologically ; 
disturbed^ or brain damaged patients^ may not respond volun^ 
tarilyo A more objective measure of hearing is needed in 
these' eases . and the use of a conditioned response to the . 
test tone has provided, such a measure (7 ) (1 0)‘e . .

Conditioned Response Hearing Tests

Conditioning in audiometry involves the presentation 
of the tone $ or conditioned stimulus^ followed by an meon«« 
ditioned stimulus which will elicit an observable response> 
Following a number of presentations $, or conditioning trials^ 
the tone itself will elicit the response^ which Is then 
called a conditioned responseo The presence of a eondi® 
tioned response indicates that the tone was heard and hear­
ing may be measured without a signal from the patient* ' •

■ ' ■ . ■■ ... .1; ; . c ■



■The Galvanic Skin Response Testo This test is wide™ 
Xy used ag an objective measure of hearing0 The galvanic 
skin response is a change in the electrical resistance ©f 
the skinP which may be conditioned to the tones from an au­
diometer by using an electric shock as the unconditioned 
stimuluSo

Doerfler and McClure (7) used the test to measure 
hearing loss in adults and obtained thresholds that differed 
only 2 -̂ dbo from the actual pure tone threshold0 The testj, 
howevers has some disadvantages<, The electrical resistance 
of the skin is constantly fluctuating and easily altered by 
the extraneous stimuli present during the test0 It is some­
times difficult to separate these changes from the condi­
tioned response„ Another problem stems from the use of an 
electric shock as the unconditioned 8timulus<, The shock is 
unpleasant and frequently makes the administration of the 
test difficulty

The Conditioned Byeblink Tes10 The eyeblink is a 
stable reflex which may be elicited by a flash of light or a 
puff of ai# directed against the corn©a0 The eyelid re- 
sponse is well suited to conditioning experiments and has 
received considerable attention in the literature«, In two 
of these studies it was used as a measure of hearing6

. In 1936s Beet (36) compared the auditory thresholds 
obtained by the usual method with, those found using a condi­
tioned ey©blink test0 A puff of air from a hand operated -



rtabber bulb provided the unoonditioned stimuluso He con» 
eluded that the two methods gave equivalent results0

■; Galloway and Butler (10) re-examined the possible . :: 
usefulness of the conditioned eyebllnk teste They used a 
pure tone as the conditioned stimulus and a flash of light 
as the uneonditioned; stimulus« The binaural thresholds dif«= 
fered less, thah ^ db® from those found by the usual methods 
It was eoneluded'that the test is a potentially useful ob­
jective test of hearingo Howeverg the practical application 
of the test seemed limited through the use of elaborate 
equipment and conditioning trials which were spaeed over a 
three day period. These two factors provided the- ineentive 
for the present investigation,) ,

: ■ ; The Design Of a Practical^ Test

' i The conditioned eyebllnk test has several character™ 
istics"which suggest its use’as a practical clinical test* 
The Use of a light or air puff as the unconditioned stimulus 
is not unpleasant I, and the eyelid response is not difficult 
to measure,, . The small deviations . in ■ accuracy found by. Gal- 

;■ loway and: Butler (1 0) seem to warrant an Iny e St i gat ion ' in. 
terms of adapting the test to the clinical situation*, .
T::. , Several, factors are involved In thê ;deslgh:pf: :a : •  • 
practical test. The apparatus should be 'as simple as pos­
sible since the use of elaborate equipment: will fend to lim­
it the test to the experimental laboratory. Ideallyp it 

'::shbuld be.possible to give the test in one sittings which.



: . . . ; ' ■ ■ ■’ 4
will require the use of a rapid and efficient conditioning 
procedureo The two main problems in the design of a practi= 
cal test are: (1 ) the design of simple equipments (2 ) the
design of an efficient conditioning procedure0

Statement of Problem

■ The purpose of this study was to modify the eondl«.t 
tioned eyeblink hearing test for clinical use* The main 
modifications investigated were s (1 ) a speeded conditioning 
procedure* (2 ) the use of simplified apparatus*

' review of the literature on eyelid conditionings, , 
which, is discussed in detail in Chapter II* provided much of 
the Information needed to establish a suitable conditioning 
procedure and to form a basis for the design of simple 
equipment*

The present study was designed to determine whether 
or not these modifications are practicable in adapting the 
conditioned eyeblink hearing test to the clinical situation*



:■ c H i p m  two ' : .-v,-;/
; ; o f ;ehe :ni!SRiiroE^; - ' ' '

. A review of the many experiments on eyelid oondi« ’ 
t toning suggested the specific char a cte r i s ties .of an eff 1^-: ' ' :. 
elent eonditioning proeedure^ and'provided some information 
;dn the design of simple apparatus,, This chapter will eon- 
aider:i' (1 ) the conditioned stimuluss'(2 ) the unconditioned 
stimulus3 (3) conditioning^ (4) instructions9 (50 apparatus0

■ ,' The Gonditloned /.Stimhlhs/'; ' i;';";::-'''' VV'. '

, Vv In order; to •determine... a pure tone threshold of. hear™ ■ 
;irig> . the intensity and frequency of the. tone must "hef-knowhs - yi 
The pure tone audiometer' provides: these me as ure ment s and wa s 9 
' of courses designed ̂for that purpose»"; 'In a conditioning: ©x^i•., 
perimenf-'it is desirahle to know at what intensity the tone ' 
should he used during the conditioning trials» ,. .yiv'; y- : :
: :v; Meritser and foerfler (0 ) compared the results ob~.'
tained using .constant ahd yarie.d intensities of the tone in ■ 
conditioning the galvanic skin response,: One grohp,' was; con­
ditioned using a 1000 cycle tone at 30 db0 and the other 
group was, given intensities of 309 ’?0s and 70 db0 They found 
no significant difference in the extent of conditioning, be-• 
tween the two groupsp ' ' ' - . v.- .p-,,, . i



v Carter (I|_) used intensities of 30s I^, 759 and 
90 dbo at 1000 cycles and found that the intensity oftthe 
eenditiohed response did not vary significantly,. He eon«= 
eluded that if the' tone: is above the threshold of hearing^ • 
eondltioning will take place 0 : " 1: \ v; '1 --u-i ;

/ 'V The Unconditioned Stimulus ; ■ ■

• . . 4 puff of air was most often used as the uncondi- .
tioned stimulus in experiments on eyelid conditioning (k)
(8 ) (2k)o Spence (k2) compared the effects of using a weak. 
and: a strong puffs and found that the strong puff resulted 
in a more - intense.’ edridltioned ' response^ . Spence ■ and Taylor v 
(I|_3 ) in a similar experiment found a tendency toward ..better ■■ t 
conditioning When a strong- puff' was used0 : ':v ■ :'

V-v' ’.Spence -and Horris (Ij-4) and Logan (3 1 ) used an elee™ , 
frode: placed below the eye in-order to . present a; shook;as.:
; the 'uneonditioned stimulus* - pit;
‘ : Grant; (12) compared the results .. of , using a light '/,
with those using a puff of air as the unconditioned stimu- 
vluSo . ':He,: f ound . that the response to light was .more ̂ s table, , ; 
from person to person than a puff of airy , There was a:' trend 
toward: a simpllfieatioh'Of. the. response, tp: air'as.the -ex;.™ v 
periment; progressed^ and the response was variable:. " The.-.in- 
tensity of the response to.light also decreased; however$ the 
decline .-was steady* f . l-'-i;', ’ I f t : . f  I-p ; !: ':IIi



Types of Conditloningo Glassieal conditioning in­
volves the prosehtation;of the conditioned stimulus followed 
toy the ’-tmeonddtlened' stimuluso In. instrumental condition­
ing., when a conditioned response oedtms, the unconditioned 
stimulias is not presented*, Kimtole and Dufort (30) and Logan 
(3 1 ) compared the effectiveness of the two methods In condi- 
tioned eyelid experiments , and fowd;that insfrumental condi- 
tioning was less effective., :

Wileott ($1) found that eyelid eonditloning did not 
occur when the intensity ef the' tone was toelow the threshold 
: of "hearing a, ' fhê  occurrence of sub-threshold conditioning 
would invalidate the results obtained with a hearing-test : ; 
toased on eyelid eonditiohlngo "

. ; Kimble and Dufort (30) found that the number of con­
ditioned responses was a better indication of conditioning 
than the number of conditioning trials presented* This was ■ 
due to individual differences in the rate of conditioning*- 
The validity of adjusting the eonditionlng period to the in­
dividual is thus- indicatede -. •: ' V; . . -

The Interval Between the.Conditioned and Uncondi­
tioned Stimuli * The time .interval betweah the ohset );of;'the 
tone, or conditioned stimulus^ and the onset of the .flash of 
light, .or unconditioned stimulus., - is an important determin­
ing factor in the efficlehcy, of . a conditioning pfocedtme'e;:



Ifaipious intervals have been used in eyelid conditioning;,, de» 
pending on the experimenter and the purpose of, the studyh . ’
The most frequentiy lased interval was' iihO .mseci This inter­
val' was used in eight of the studies reviewed (1 0) (17.) (1 8)
: (1 9) (2 0) (3 5) (3 7) (I4.O.) o The most;common :intervals other 
.than msec Q were lj.00 msec» (2 3) (2l|_) (5 0) and 500 mseo:C,

• In a study by McAllister (33) on eyelid conditioning • 
as a fuhction of this interval®, intervals of 100 3 250 s ii50

7Q0o and; 250Q mseCo were usedo An optimum range of IlOO to-
500 mseco was- found; however, it was noted that an Interyal. 
of 250 msec.6 was: slightly, but not significantly, superior 
When h tone was used as the conditioned stimulus» ; Jlcilllis- 
 ̂ter (32),also noted that variations in the time interval 
during the experiment resulted'in fewer conditioned re­
sponses* h ;

. 'i ; '7;;T3hderwood (lj-8 ) mentions that -better conditioning re­
sults if the eondltioned; stimulus overlaps the -unconditioned 
stimulus with both stimuli ending; at' the .same time o. : This 
proeedure. is. known as the . s imultaneous; conditioned re sponse- 
method and is often used (Id) (33) (l(-3) e l •. ;; v ; v '. J
• The above., studies suggest that an efficient .interval
between the conditioned and unconditioned stimuli is from 
4.OO to 500 msec 1, ..It was ■ indicated that, this interval should 
remain fixed during . the : experiment and /that the two:; s tlmuli 
should end simultaneously» ;. ;V; .'r ' •v;: :;



Conditioned, Response Time Limits <, The presence of a 
conditioned response may be determined by measuring the la®, 
tency of the response or by establishing time limits between 
which the response must occur to be counted as a conditioned 
response o ; . ;

Campbell and Hilgard (3 ) measured the latency of the 
eyelid response and found that most conditioned responses 
occurred between 200 and 300 msec. Grant (11) reached a sim®- 
liar conclusion, and found the range of conditioned responses 
to be from 259 to 332 msee 0 The results obtained by Porter 
(39) differed slightly» He found most of the latencies to 
be from 203 to 1|.35 HiSeCo Hilgard (22) used a loud sound as 
the unconditioned stimulus o' He found that the average latent 
cy - of' the conditioned "response was 195 msec0 .Kimble and Du® 
fort (29) used a slightly longer interval between the condi­
tioned and unconditioned stimuli and found - the average eon® ■ 
ditioned response latency to be it25 msec 0
■ • In several studies a fixed interval was used during

which an eyelid movement was counted as a conditioned re® 
sponseo; Moeller (35)pin a study of the galvanic skin re® 
sponse tiests found that a conditioned response range of 120 

to lj.50 mseco was ample for recording most of the conditioned 
responses. In most of the studies reviewed on eyelid, eondi® 
tionings an interval between the limits of 120 to 500 msec. ■ 
was used (1 6) (18) (37 ) ( 1l3 ) (lj-9) ° In some studies the 
limit was extended to 650 msec. (19) 9 750 msee0 (17) (2 1 ) 9



■ : ■ .... / . ■; '. ' : 1:0 • 
and other values (1 ) (3 1) (3 2) (3 3 )»

Grant and Norris (lij.) and (15) found that the Beta 
response; to light may be Confused with the conditioned re­
sponse s since the Beta response range of 120 to 2^0 mseco 
extends into the conditioned response range» Stevens (ij.6 ) 
made.allowahee for this in suggesting that a good eondi- ; 
tioned response range, when a light was used as the condi­
tioned .stimulus, was from 250 to 1l50 msedo

In. view of the average and range of latencies usual­
ly found and the fixed intervals most often used, an optimum 
and servicable range, when a light was not used as the con­
ditioned stimulus , seemed to he between l50 and: )j-50 msec 0

The Interval Between Trials0 In a study on eyelid , 
conditioning as a function of the inter-trial interval, 
Humphreys (25) found that a one minute interval was more ef­
ficient than a 30 second intervale Spence and Norris (i|i|.) 
.used intervals of; 9s l5s 30, and 90 seconds0 They found 
that conditioning improved as the length of the interval was 
increased* The 900seeond interval was twice as efficient as 
the 9 second interval; however, it required ten times as long 
to present a given number of trials with a 90 second interval 
as compared to a 9 second interval*

Vandermeer (1̂ 9) gave one group of subjects three tri­
als per minute and another group nine trials per minute0 He 
found no significant difference in the rate of eonditionirgo 

In most of the studies reviewed it was found that a



longer Inter-trial interval is more efficient in , terms of 
t%e number of conditioning trials 0 Little information vms : 
available conberning an efficient inter-trial 'interval .'in: ’ ■
, terms oft time 0 t ' I :

; Reinforcements If the.conditioned stimulus .is fol­
lowed by the' tahc ondi 11 one d s timulus ,on /every ̂conditioning .• 
trialy the procedure is called 100^ reinforcements Similar-', 
lys if the xme onditioned stimulus ' is presented only half of 
the timeo a reinforcement procedure is being foilowed0

Several studies ;havebeen made comparing the effectiveness 
Of these two. procedure So t'-/yif I;.:'; '
/.:■ • . Grant s Riopelles and- Hake (19) found that ^0% random - 
reinforcement, was,- superior to .100^ reinforcement in the ae =
' quisltioh of the conditioned eyeblinks:: and that' ̂ 0^ random 
reinforcement resulted in faster conditioning thaii/ re in­
fer cement given in s pattern, of. single - or double alterations0 

v ; ;: ' Humphreys (26) found that the difference between
1(50$ and' 50$ random ' r e inf or e eznent during the acqui s itlon of 
. the: conditioned eyeblink was not sigaifleant| howeverj, he 
noted that 50$ reinforcement was- superior, during /extinction 
triaiso; . In another study (2? ) 9 he noted that 50$ reinforce- 

, meat Was ..more, eff icient than. 100$ reinforcement in ''maintain- 
Ing ' the,'ga.lvaniG skin r e s p o n s e . / ■ ; :h : l
'' ' '' . - In another .experiment,; Grant and .Hake- (Ig) noted a ■ • 

frehd-toward slower extinction if 50$ randoh. re infordement 
was used /Instead of 100$o'; They also found that the frequency



■■ '■ ■ ' . ' ' ' • . '1 2  
of eond.itioned responses during;' the training trials was de­
pressed when 5>0^ reinforcement was used*

Grant and Shipper (l6 ) studied the acquisition and 
extinction of the conditioned eyeblink using different per® . 
centages of reinforcement ranging from zero to 100^ and 
foxmd9 in general^ that.the frequency of the conditioned, re­
sponses during acquisition was a, function :0f the. percentage 
of reinforced trialso As the percentage of reinforced trl=* 
als was increasedg the percentage of conditioned responses 
Increased* .. ■ . ' . i

Grant, Shipper, and Boss (20) used ^0^ and 100^ rein­
forcement in various, combinations with massed and. spaced >. 
trials during acquisition and extinctiono They found that 
100^ reinforcement was most effective in acquisition when 
the conditioning trials were massed (ten seconds apart) and 
that 100^ reinforcement was most effective in extinction 
when both the. acquisition and extinction trials were massedo 

: , Jenkins and Stanley (2 8 )sin a review and critique■of•
partial reinforcement, suggest^the use‘of 100% reinforcement 
to establish the desired behavior initially and then to use 
partial reinforcement to maintain the conditioned responseo.

In view of these studies a proeedure of 100^ rein­
forcement should provide the most rapid conditioning, and a 
procedure of. %0% :reinforcement prove ample to maintain the 
conditioned response* '



: : ^  . y ' m; Apparatus \ -

The; appa.ra-bus ' for a conditioned eyelid experiment 
■ must perform two basic functionss::(l) detect the conditioned 

response^ (2) time the presentation of the /stlrmllo Several , 
'-I; 1: dlfferehtidevicea have been used for. this purposee One of

• ̂ the earliest experimenters used a thread fastened to the 
eyelido The thread was connected to. a lever system which ?., 
moved the reeording pen0 ' ' . ■

. , A pendulum chronograph was often used in eyelid ex",
y periments to time the .stimuli0 The chronograph utilized the? 

constant motion of a pendulum which tripped the switches as 
? 1 ' : it was swiing (f>0 ) '0 ?" ?: ' ■ :';;? ;

■ ■ Spence 'and Taylor (i|.h) and McAllister (33) used a
microtorque potentiometer actuated by a thread or wire at­
tached to the eye lido The alt'erat ions ih the resistance of 
the potentiometer as the eyelid moved9 changed the frequency 
of an oscillator - which was connected to an amplifierg, recti- 

■??■??■; fiers and'pen motor. : ■ ; \'? v;- " . ?'■-:? ; a :?/ :,'hv ? /.■■? ?■ ■?..?-;?•??.?
: : Kimble o Manns and Dufort (30) attached a foil eyelash

'■?•; ' to the subject's eyelids The .shadow cast by' the.;.eyelash ae- 
. ? tuated a pbotoelectric cell indicating the occurrence of a

conditioned response b "'? ' v'--'?; ? •??• ■. ' '???:>■ ■"■”:t?lv
G-alambosj, Rosenberg^ and Q-lorig (9 ) ■ detected, the 

:? movement; of the eyelid :by:.usihg'a • ̂phonograph cartridge with 
a wire, in place of the needle, touching- the eyelid,. The 
output of. the cartridge was amplified end viewed on an



: (Jallowaj and Butler (1 0) studied the use of the con­
ditioned eyelid response ,tb tone as an objective test of • .
'hearings• :k beat frequency oscillator^ amplifiers attenuator 
' and headphones were used to present the tones o'- In' order to 
I detect and record the conditioned response$ a phonograph ■
, .cartridge> amplifier9 . oscillator9 and eleetroencephalegraph 
.wererusedo . A spot'lamp provided the unconditioned .stimulus 
; -and'A photoelectric cell detected the flash of light, which
- was recorded on the electroenc.ephalographo : The timing of 
’, the; s tiniulus /pr e sent at ions; was accomplished by using two
> electrohie Interyal timerse; . . '

Instructions . . v;, r : . I

; ■ Grant (ll)fl in a study on the effect of . attitudes on
eyelid .conditioning,, compared the effects of using passive • 
and. active instructions«, One. group was told' to'adopt,,an -at« 
tentlye- attitude«, to" watch for the conditioned . stimulus and 
respond by quIchiyTtapplng a 'finger when It appeared, A 
second group was told to remain passive toward the experi«

..:;3flent'!He :'f ound ;:that the first group gave a. higher percent*
/ age - and greater .amplitude of Conditioned responses* " . ... 1, '
- Miller; (3̂ .)T compared faeilitory and - lidaibitory; izr* 
struct Ions.o' . He obtained conditioned responses on' 71^ of the

htrials when .facilitory Instructions were: given and 26^ When 
' inhibitory instructions were given0 ; 1 i



: . Campbell ( 2) controlled. random blinks by. asking the 
:"/• sub ject' to' blink before each trialo ; v. ■- .. V -



iisTRuram'Tioi' Aim.procedure'

"■ The problem in the. present study was M  ..deiehmine ' 
the practicability of -two -basic modifications of the condi^ 
tloned eyeblink hearing test which Were designed to adapt 
the test to the clinical situa'bion> The modifications inves­
tigated werei (1 ) a speeded conditioning procedureg (2 ) the 
: .mse: of simple apparatus v :: review hfthe -111@ratm̂ e;--bn: eyeh::;
lid: conditioning provided the essential information needed 
: to des'ign the' apparatus. - and- set up an''.efficient, condi t lonlng 
procedure6 In order to test the practicability of these 
modifleations9 the thresholds obtained with the modified : • ■ 
conditioned eyeblink tes-t were‘-•compared. With -those fpund, 
using the standard test of hearings This measure of validi­
ty and the length of time required to administer the test$, 
served to Indicate the . effect, of the ..modifications^ .. '

Apparatus - •

■ •. Designo - A device, was needed- for this experiment
which would perform the following functionss (1 ) detect and . 
record slight movements of the" eyelid9 (2) present the con­
ditioned and hnCondltioned: stimuli« (3 } time these .functions . 
accurately^ The design, of this equipment was influenced by
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the choice of conditioning procedure,,, the apparatus . used in/ 
previous studies, and the writer8s intention to use a simple 
deviceo

The 'review, of the literature indicated that classical 
conditioning was best suited to the present study,. This in- 
volves the presentation of the conditioned stimulus followed 
by the unconditioned stimulus* Since .the .threshold of .hear­
ing was to be determined9 the use of a pure tone audiometer 
was indicated as a practical source for the conditioned stim­
ulus* ' ' . / ■

The unconditioned stimulus must be capable1 of elicit­
ing an eyeblink. Of the three possibilities suggested in 
the literatureg an electric shocks 'a puff of air9 or a flash 
of light| the choice of a light as the unconditioned stimu­
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; and, mechan­
ically, it is simpler to switch, on a. light for ,a brief period 
than to release a puff of Air0

The experiments on eyelid conditioning suggested 
that an efficient interval between the conditioned and un­
conditioned stimuli was from IfOO to 500 msec 0 The choice of 
an interval for the present study was also influenced by the ' 
latency of conditioned responses and the use of reinforce­
ment during the test trials« In order to record the condi­
tioned responses occuring on reinforced trials, the condi-



tioned response had to "be measured before the onset of the 
unconditioned stimulus| therefore, it wasnecessary that the 
time internal he long enough to include the interval'' during 
■which a conditioned response could be.recorded, excluding , 
blinks caused by the uncdnditidned stimulus,. If, for exam= - 
pie, an interval of 250 msec <, were; used,: it'wduld- bevimpds-= 
slbl© to record a conditioned response'on reinforced trials 
'which had a latency .greater than 25>0 msec„ If such record­
ings were made, the blink elleifed by; the unconditioned stim­
ulus would be;counted as-a conditioned response» Since, it 
was desirable to record conditioned responses with latencies 
up to mseCo, a lj-5'0 msec interval was; chosen for this 
study* ; .; v 'V '':" rf . :v , , : '■ f - f ; -f.; ..- ; ir-f

:indther. prpblem in 'the des ign of an. ef f lcieht con- 
ditioning procedure was; the choice of conditioned response 
: time ■limit So ■ These limits''were established by 'notihg;';t3aef 
average and range of conditioned response latenciesf in stud-= 
les where. latency was, measured, and by' noting the : conditioned 
response time limits used in other studies* •The choice;of
■ time;''limits for this study was also influenced .by the use of 
sound as the conditioned stimulus' which made it possible to 
extend the upper time limit to 150 msec0 In most of the 
studies'reviewed it was found that a'lower limit of k50 msecc

■ was ample for recording' conditioned responses „' 'An interval .' 
of 1^0 to ;%^0 msec, was chosen for : this experiment * ..-



■ Cons true tloBi, The main considerations in the eon- ■' 
struct ion of the apparatus were s (1 ) s irnplic i t j s (2 ) aceu«= ' 
racy,,' (3) sensitivitys (if,), quiet, pperationo Essentially^ the 
equipment eonstructed for this' study was found to •satisfy;
,these requirementso .It,was not difficult to build and the 
parts were easily obtainable, and- inexpensive* ; .1 ; , • ,

ihe movement of the eyelid- was detected by a model ; ;
• 30 Astatic, phonograph, cartridgee.; The needle Was replaced by 
a 2'* length of.1/16” piano wire tipped with a 3/l6t! plastic: i 
: balls A paper eyelash i-” x 1” was 'attached- to the eyelid ' - 
with a tiny strip .of adhesive tape., so as to slope '/upward/.at.,- 
about a ii.3 degree angle0 The plastic ball was placed/against 
the. paper eyelash with, enough/ pressure/to bend /thegpaper to, . / 
a. nearly; vertical position, : This' was accomplished by adjust­
ing the swivel/mount of the cartridge which was- attached to 
an oto-seopic headband. An eyeblink moved the paper eyelash 
across the plastic tip -which'/igeneratedva; current /in the ear- - 
tridge, :/ The output of the .0 artr Idge was' ampl if i, •by a VM 
model 985 amplifier which uses a 3525/ a 12SQ,7# and a 30L6 
tube, 1 The amplifier output was connected, through an inter- 
stage transformer s which -had .ah;Impedance of 1 0 1000 to ;/■; 
lOOyOOO obmSj, to a sensitive relay circuit utilizing an 0Al|_
. thyratron (1|„1) „ An 8000 ohm relay was; connected in the •
' plate circuit, and its’contacts used to turn,on an IE-2 -neon 
/ lamp, :. This circuit is shown In Figure.- 1, The QAip/tube was 
painted; black to : avoid 'false - triggering from changes in II- /;,



Itanination and the neon lamp used to indicate the condi™
tioned response.o The maximum output of the YM. amplifier was
used and the voltage on the OAlj- adjusted to a point just be=
' low'firihgfl̂V''-A;/yery\̂ ;sli:̂ht/mby@ment .of ■ the eyelid was suffi»

.. . . . % - ' \ ' 
cient to cause the tube to conduct and turn on the neon

lampo ■ ■ - . ... ; .. i. -
k Maieo D=9 audiometer was used to provide the test 

tones and regulate their frequency and intensity0 Provided . 
’with the" audiometer ' were Perraoflux PoDoEo 1 headphones with '
. ffi!X”jil/4H covers* <’

V . The unconditioned stimulus was provided by a Gliam- • 
pion 150 watt refleotor spot lamp mounted on an adjustable 
stand* The spot lamp was.connected in series with a 75 watt 
light hulb which kept ..the spot lamp lighted to a dull red, 
allowing the flash of Illumination to be more brilliant 
since less time was spent in warming the bulb* •

The automatic switching devicej'used to present and 
time the stimuli and to set the time limits for.the condi» ■ 
tioned response9 was built around a small electric motor*
The devices when started with a push button^ turned on the 
tone for.450 msec*, turned oh the light for 100 msec*, and 
then disconnected both* Contacts were also used to make it 
possible to record the conditioned .response during the'in~
; terval between lj?0 and Il.50 msec* as measured from the onset 
of the tone6 After performing these switching operations,. '
the•mechanism was ready for the next trial*
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. • ' k'. small synchronous motor was .geared down, with two .
ruhhep: phonograph;drive; wheels and used to turn a shaft at ■: 
the speed of one revolution per secondo A x‘ plexi­
glass disc was .fastened to the end of the shaft and three 
pairs of curved wire contacts were attached to the face of . 
the plexiglass disc£, The first wire was located $/8n from;- " 
the center of/the: disc and the rest of the wires were spaced, 
at 3/16n intervalso -.The curvature of each wire followed a 
circle scribed at its.distance;from the .center- of the disc -" 
and; 'as:' the disc turned^ the contact remained in. a.' fixed po­
sition relative to the center® The disc and contacts are 
drawntn Figure 2 ; ;' . . ;;' ' ; '

'/ Since the disc completed one feyolution. per second9 

the circle * s. 360 degrees passed a given', point in that, period’ 
of time® SimilarIjj, an area of .36 degrees passed’ a given 
poiht; in one tenth, of a second or 100 msec 0 On this basis s 
the wire /;contaCt s used to, switch on the light, for example $,' 
were long enough to-Cover an area of 36 degrees at their 
particular radiusese The contacts were arranged on the disc 
in order that the. pair -used to .switch on the tone were first ; 
. to pass' the brass eontacts- located 'along the horizontal 
radius of the disc 0 ■ The number of degrees : be tween the .pairs, 
of wires on the disc /was determined in the same- manner as 
the length of the; .wlresf ;; The hras.S: hohtacts';pressln^ ' ; 
against/the face of the disc were connected for the;required 
number of milliseconds as: the 'jwire-contacts passed®
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■ Following the switching operation, a lever attached
tp- the one ; rpS o shaft, opened, a pair of contac ts which dis~., 
Connected the motor* The switching operation could he re® 
.peate.d 'hy pressing the start button which was connected 
across the motor switch* Since the motor required about 250 
msec o9 from the, time the current was turned on, to reach 
its peak speed? it was necessary to stop the motor immedi® : 
ately following the switching operation0. An electric brake 
was added„ With this addition the motor had nearly $00 
mseco to reach its maximum speed before the switching oper® 
atlon was begun* This insured the accuracy of, the stimulus 
presentation,, By holding in the start button and comparing' 
the click of the motor switch to the One second markings on : 
a watch, no variation was visible over a period of 60 sec­
onds * The accuracy of the device seemed ample*

.With the exception of the . s.ndiQmeter and spot lamp 
the apparatus was housed in a cabinet measuring 11” x 8 -̂” x 
r . , ■ . " 1 'f » • "  ' . • ■ ■ / . -

Test Procedure

Although little evidence was available for the foT® 
lowing belief s the writer' felt that, the procedure used in the 
test trials should not be foreign to the procedure used in 
the conditioning trials * It .seemed that transfer of train® 
ing would most likely occur if the situations were slmilar0 

It was decided that training and test trials should be made



mdp^.;"nearly alike by presenting the intensities and freqnen- 
. cies in the same general order during both periodsG

V Conditioning Trials0 A conditioning trial consisted 
of presenting, the tone or conditioned stimulus to the sub- : 
ject?s right ear for 1{.5>0 msec = followed immediately by the. 
flash of light, or uheohditioned stimulus, lasting '100 mseet 
The tone' iras:; continued during the presentation -of ■.the1 light , ■ 
and both stimuli ended at 550 mgee0 as measured from the on­
set of the tone0 The interval between trials 'was /arbitrari­
ly ’ cho'sen and ranged from two to ‘. twenty s eoonds | howeyer 9 
the most frequently used intervals were from five to ten 
seconds and averaged approximately eight .seconds0 , ' • . :-Q
: For the presentation of the first conditioning trial
the frequency dial of the audiometer was set at ^1 2 ■cycles ' 
■and the intensity dial set at 70 db0 One conditioning trial 
was giren at that settihg and the intensity, reduced to 60 .
db0 A conditioning trial was given at 60 db0 and then at 
each 10 db»; step until the ihtensity :was reduced to 30 db c 
The frequency dial was then changed.to 102k cycles arid the 
' Various, .interis itle s were : presented in the same order 0 Fol­
lowing the conditioning trials given at 102i|. cycles, the 
frequency was raised to 20^8 , ^0 9§, and 8192 cycles in that 
order and the procedure repeated0 The conditioning trials 

: were; continued.: until the subject conditioned, within a time 
limi t . of one hour»,' ■ If : It became. :apparent ■ that the subject, ■ "■ 
was not conditioning af ter ,a W  minute period, the. test -was



A conditioned response was defined as an eyelid 
movement occurring between the limits of 1$Q to 1|50 Bisec;0 as 
measured from the onset of the tone a It was necessary for 
the eyelid movement S ' to be strong enough, to actuate the re- . 
cording apparatus,|, however > a slight movement was; suff 1-  ;
./dlenti' ;Byeblinks were often recorded which were not visible 
a few, feet away# v. yhiy

5?est Trials o When three cbhseCutlve conditldned re- 
sponses were recorded during the conditioning trials, the 
conditioning period ended and the test trials were begun 
without interruption^ ■ The’frequency dial was;set at $12 cy­
cle sand the intensity; dial at 70 db„ Four test trials'were 
presented at this settingo If two conditioned responses oc- 
■:'purred:, ; out' of: the four pr-esentat lohs t;: the : intensity *as ve~> 
duced 10 db> and four additional trials giveni The intensi­
ty oft the vtbne;waŝ redue.ed-.- in; 10 db0. steps until two eondi-. • 
tioned responses didnot occur= At this point the intensity 
was increased 5 db0, .If two conditioned responses occurred, 
the' intensity was ' lowered in db0 steps s ■ . The: ;lowes t ;int©n»: 
sity at which two. conditioned r©..sponses were obtained was .

‘ .assumed-; to ’ be:;: the threshold ior ; that .;frequency , and,was re- 
corded on the audibgram blanks . The process was repeated at 
102k, -20k8, . k.0 9 6a and 8192 cycles in that order „ . 'The,fsub- 
' jeet8s. random blinks were controlled by beginning the test 
trial immediately. following a. spontaneous eyeblinkti .



' ': During the test-trials a procedure of $0% random re-
inf or cement was used to maintain the conditioned response. . 
Gole (5 ) noted that the conditioned'response became unpre-

' die table .when the subject no longer expected the unebhdi=-
r ■ 1: ;tipned: stimulus0 Reinforcement serves to maintain the sub-.
. • , ject’s expectancyo The random order of reinforeement used

. in this study was slightly modified s o that three cons ecu- 
tive presentations of the light or its absence did not oc =

' ' fv: '' >'N; n i-;' V ' ' ;.:vV
;■ ■ v ; The tes ttrials ■ and' the pattern of reinf orcement 

v : 'werdy : in,part; adapted to the per son being testede ■' The use 
r h °D a flexible "rather than a fixed procedure made it pos~ :

- ' sible to allow for- ihdivldual differences' in, the ease of eon<=
■ - ditioning; the 'freg.uency and intensity of the;■ conditloned

response 3 and the. rapidity of extinetion6 Actuallys only 
: ,, slight modifications of ••'the basle procedure were needed,, In 

i-; the following circumstances alterations were made:' (1 ) if
; the isufejeet frequently recorded'conditioned responses but 

V •' :• did not record three consecutive responses$ the test trials
- were be g u n 2 ) ifs in the ;c ondit ipning tr ials s c ondi tioned 
'responses, occurred at low .intensities'; the test trials were 
:begun: at low intensity^ (3 ) if the subject recorded eons Is-’ •

; v tent conditioned 'responses during the test trials $ the per«=
cen.tage o'f reinforcement was reduced; (it) similarly; if few '

; . . ■. conditioned responses were recorded; the percentage of ;rein*» 
p''; p fore emen t was increased; (5>) if the subject frequently..
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recorded only one conditioned response out of the four tri-' 
als and did not record conditioned responses at lower im- 
tensities^ the threshold was recorded in view of the single 
responseo

’ Subjects

.Thirty^three subjects were tested in this study0 

Eighteen of the subjects were men and fifteen Were women, 
fwenty=e1ght of this group were enrolled in speech and edu­
cation courses at the University of Arizona during the sum” 
mer session of 195>7<> Three others had been enrolled the 
previous yearo All of the subjects volunteered for the ©X” 
periment= The age range of the subjects wag from Ij? to 5l 
yearso The average age of the women was 29 o ̂  and the aver” 
age age of the men was 2%.<,80 The experimenter was not aware 
of the subject's hearing acuity prior to the experiment0

. Administration, of the Test

The.tests were given in a quiet air-conditioned 
roomo The equipment was placed on a desk and arranged so 
the subject could not see the controls„ The experimenter 
was seated in front of the desk and.the subject seated in a 
straight back chair at the side of the desk facing■the spot. 
iampo The only persons present during the test were the ex­
perimenter and the subjects ...

" When the subject arrived for his appointment/ he was



asked to tie seated and his name and age were recorded on the 
audiogram hianko.' The instructions were then read 'and the 
paper eyelash9 oto~scopie headbandP and earphones fixed in 
placeo The subject was asked if the apparatus was com­
fortable and necessary adjustments were made„ The spot lamp, 
was adjusted to the subject *s eye .level and- the conditioning 
trials were begun as previously deseribedo; The test'trials 
followed without interruption and the thresholds were re­
corded on the audiogram blank& The time required to give 
the test was recorded to the nearest five minute interyal0 

TTpon completion of the experimental test<, the apparatus was 
removed and, the subject told that the: standard hearing test 
would begin* He was instructed to answer ayes88 each time a 
tone was heard* The tones were presented through the appa­
ratus; and the ttireshoid at each frequency was crossed'sever­
al times, : •:

Whin ■ the test was eompleteds fthe -subje'ct- was given a 
card indicating his threshold of hearing at the various fre­
quencies and the audiogram-was discussed* The purpose ef 
the experimental test was briefly, explained and this, con- 
eluded the-testing session*:

' . Instructions It was found tin the review of the'
literature that conditioning was aided when the subjects 
were asked to- develop an attentive attitude toward the .ex- . 
perlmento It is probable that such an attitude could not be 
developed in patients with whqm it would be necessary to use
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an objective measure of hearing* Since the phesent investi­
gation dealt with the clinical use of the conditioned eye- 
blink tests,' f ac il it ory , ins true t ions were not glveho

; : The instructions read to the subjects were essen- :
tially passive.and are,as,follows: •

Ton will be ' given two hearing tests * The first is 
r 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 tip0 You will hear different 
musical tones from:the earphones and this spot -
lamp will sometimes flash ono- During the ekperl- 

’’ ment don't blink your eye on purpose^ but if you 
v. want .to .blink don't try to keep from blinking*

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* \ Y ; ,/'Y" -

i : Treatment: of the Data

■ The major'comparisons, made in this study were of the 
thresholds obtained with the conditioned eyeblink test to 
those found using the standard test of hearing*

I* The extent and direction of the deviation of 
each conditioned eyeblink measurement from the standard 
threshold measurement; .was presented in table form*- .

2* The average number of decibels, for the five 
frequencies tested, that each person differed from the 
standard test was indicated in table form and graphed*

3 o The average number of decibels that all of the 
Subjects differed at each frequency was indicated in table 
f orm and graphed * - ;



, . : v ' . > . 31
Ifo A e ompo s i te atid lo gr am was drawn based on the av- 

erage conditioned, eyeblink measurements and the average 
 ̂s t#Q-X̂'d, ^ 5 . ' 3 ^ 1 0 ^ 0 , 0  î3̂0'33ie'!Ei,*t;*3 p'V.'■ ,

5 o A graph was. drawn which indicated the percentage 
of conditioned eyeblink measnrements 'identical . with: the 
standard meastjremehts and different from the standard meas- 
urements in 5<5.b0 ; s teps o.': Similar graphs. were, made for @aeh . . ' 
freqnencyo • • ' ' .; ■ : ■ ■

. Information concerning the,number .of 'subjects who 
were conditioned and the length of time required.to give the 
test' was also presentedo ;. .'dr: d  :■ '



CHAPTER IV 
RESULTS

In. the '.process of adapting the ebndltioned eye'blink 
hearing-test: to the elinleal situatxon9 the use of a short=

■ ened conditioning procedure and simplified apparatus were 
inirestigatedo; .. The.■practical value of these modifications 
was ohserved-by'noting-the.number of persons whowere condi« 
tionedg the length of t ime: required ' to give the tes 19 and by 
.eomparing . the'thresholds so obtained with those - found; using 
the stand and test of hearing^ - /; - •

,. ;■ - Conditioning Besults- • / .

The time required for 'the sub ye© ts to condition, 
ranged from- less than one .minute to k$ minutes 0 Most of" the 
subjects,conditioned In-approximately 20 minutes„ These re­
sults compare .favorably . with those found by Doerfler and 
McClure (?) ..who, noted a range of five,:, to; 26 minutes in.gal­
vanic skin .response testingo ..

Of the 33 subjects used'in this studyj, 24 completed 
the tes to . These 2if. subjects were, equally divided as'to sex0:' 
Mine of the subjects,, . six men and three women> did not con- 
,. ditiono Two of those who failed to condition did not remain 
' awake during the testa, and the -response of another was too



Inconsistent' to. measure '..accurately .with either "the eye blink 
on standard tests„ The remaining six subjects recorded few . 
conditioned responses during' the conditioning period0 The 
failure' of these 'Subjects to. condition and the .variations' in 

; the itime required for conditioning to occur were probably 
due to personality factors 6 Taylor ( 4 ? end'Franks (8 ) 
found that anxious groups condition more readily'than non- • ' 
...anxious"groupsc,;'' ' v ;; . ; . r- i :- ; ■ w v -

, Approximately 8Q^ of the subjects tested in this 
study conditioned in one sittlngo Most of these subjects 
conditioned in approximately 20 mi'nuteSo These figures sug­
gest the.feasibility of using the test in a clinical situ- : 
ationo • . • ■ ' ’ .

' - ; w >'-v The Length of the Test '' . ,

: ; - The' time required for. the. 'noinpietiOn■-of the. test was 
dependent oa the rape,of conditionihg and the cohsistency of 
; the conditioned response« > The average time needed to admin-. 
Ister the conditioned' eyeblink test was 33 ol minutes6 The ;' 
average time for the. men was 3 2s5: minutes and the average .: 
time for the wpmen was 33o7 minutes« . The subjects aged 23. 
or over averaged 3 2oO minutes and the subjects under 23 av­
eraged 33°9 minutes 0 The slight differences between, the age 
and sex groupings and the total, were not considered to be 
■ sighiflcahio . Table 1 indicates, the number of subjects Who :. 
completed the test at various five minute intervals0



TABLE 2;
THE T i m  EEQHIRED TO COEPLETE 
' - THE EIEBEIHK" TES T '
JTOo of Subjects ■ Minutes

■ A "Comparison^ of' the Thresholds' Obtained'

' The thresholds obtained with the-conditioned eye- 
• blink' • hearing-:testare- presented in ■•Table 2 in relation to 
the thresholds found using■the standard test» The number of 
decibels above or below the standard measurement; are:given 
for each subject at each frequency testedo The average de­
viation for each sub ject. at all- frequencies and for all .sub­
jects .at each frequency is given in decibels in the right 
hand column arid lower/row respectiyeiyo 'These deviations 
are graphically presented in Figures 3 and 1|.0

/ The' average deviation for a'll subjects at all fre­
quencies is 83 db, from the standard test measurements«• 
This 5o83 dbo average errorj when separated into average er-' 
ror above and below the standard measures becomes 3=87 db0 

above and•' l0-96' db* ' below.' It is':Interesting: to hote. ih 'Tad:'
■ ble:,2 'that the 'conditioned ̂ eyeblirik- threshoids measured: at.- 
8192 cycles contain the five .largest- errors as. well as : the 
greatest number of accurate'measurements If these five ,
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errors are not included In the overall average s the average 
error becomes I},.17 .db0' , , Y". , Y ’Yy - y y; :y Y Y:; '.y
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THE DEVIATION OF THEY OOIDITIONEDybESPONSE THRESHOLDS IN 
. -. DECIBELS.,ABOVE ■ :OB THRESHOLD
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The conditioned eyeblink thresholds obtained by -. 
Galloway and Butler (10) averaged l|.095'db* above Y the ' stand= 
ard 'test...ineasurements 0 Those found in ‘.the present study arrY:' 

: eraged 1 o,91 db0 above the standard measurements0 This ap= y 
parentlyY; indicates ' d: large reduction in error; however9-
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Pig. 3. The average deviation of the conditioned eyeblink 
thresholds from the standard threshold for each subject at 
all frequencies.
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Fig* * The average deviation at each frequency test­
ed of the conditioned eyeblink thresholds from the 
standard thresholds as measured in decibels.



these figures may be misleading,. If all of the' errors made 
by Galloway and Butler were above thresholds then the 3= 87 

'dbB.'; average error''in ..the pr.esent vSfhdy: is; more \apt ̂for- oom=: 
parisono . ; : : . ; ■.-t '

•.A slightly different presentation may, elarify, the 
previous diseuaslono Of the 120 ■ threshold measures, made in . 
this study, 33 were below the standard threshold9 ^2 were 
porreot» and:3h were above thresholds The 33 measures which, 
were below the'standard threshold averaged 7o12 db0 below* ' 
The: 3h measures which were above threshold averaged. 13 *28 
db» ..above* If the five large errors made, at 8192 cycles are 
not included,' the average . error above threshold is changed 
to Bol6 dbo . ' ■ : . _ ' - , •; . "

In Figure 5 & composite audiogram was plotted in 
decibel steps at each frequency tested* ' One audiogram is 
. based on the ■ average measurements made with the. conditioned .' 
eyeblink test and the other is based on the average measure^ 
ments made with the .standard, test ,of hearing* /The proximity 
of the two audiograms Indicates the .validity of • the. condi= 
tioned:eyeblink test with the exeeption of the measurements 
made at 819.2 cycles * . Since the composite audiogram is based 
■ on- ay ©rages, the agreement of the . two tests should 
considered an Indication of- the predictive value of the con­
ditioned eyeblink test with a single subject* y. :
; ;; y • The percentage of conditioned eyeblink measurements .'
' identical with the standard te st measurementsand 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.



pe5?eent;a.ge which differed at various dbQ steps,, ' are graphed 
In Figyfe:6d Similar graphs for each:frequency: are shown in 
Figyres. Tj,' 8, 9 s 1 0  ̂ and 110 : ... .; • ’ ' 1 .

It should be noted in Figure 6 that a sharp re­
duction in the • percentage ;:of measurements . .occurs as the er­
ror exeeeds;5dbo Actually* &Q% of the conditioned eyeblink 
thresholds .differed;; ̂ |dhb. :br;::iesdi frbm,:the/.standard;'thresh- 
old testa This •measure seems to. warrant ah investigation of 
the modified; thst in";-the cllhlcal ’situatibiu ■ ' ■ : :
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SUMiimS AHD COMCLUSIOHS

.•/ ©f'fpr̂ f.̂ aS: toade conditioned eyeblink - -
hearimg test fpr oliiiiGal- nseo. It was deemed desirable to 
use- simple apparatus and a conditioning procedure which would 
allow rapid, administration,, ■ . '

k review of the literature on eyelid conditioning 
proyided.much of th© information needed to set up an effi­
cient conditioning, procedure and suggested possible types 
of equipment6
: The proper time intervals^ time limits., and order of '

..the' stimulus presentations were incorporated into a simple -- 
switching deyice which utilized the constant' speed of a syn­
chronous motor and slider contacts to pfesent and time theI 
■■ stimulio :Th©' eyeblink iras detected by a phonograph ear- I "V
tridgefl and the amplified signals, via the switching device, • 
operated a relay used to switch on,a,conditioned response . 
Indicator0 : k pure tone, audiometer provided the -conditioned 
stimulus and a flash of light was used as the unconditioned 
• stimuluso ' 'vh',''''' „ : :

• - :. The 'test was given to 33 subjects in an average time': ,
of 33ol minutes 0 The threshold measures obtained were com­
pared to the subjects I- pure tone . thresholds 0 Forty-three - 
. percent of these measures were' the 'same and 90^ were within ■:-t'3 / 

10 dbo- ■ V-"- '..g-;i. ' i '



I
It' ean be CGnelMed that these results wasyant a 

'#wthe^' examlmatld# of'\the'̂ :m̂  :oiInleal:
situationo . , 1 ■■
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