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ABSTRACT

The ability of one sense modality9 s performance to 

be enhanced by the stimulation of another sense modality 

had been discussed for many years© Studies of this 

intersensory stimulation have also been conducted for 

approximately 80 years with disagreement in results© The 

number of null result studies approximately equals that of 

the positive result studies© Some of the more recent work 

in this area has touched upon the role of stress 9 or 

stressful situations in the intersensory process©

The presently reported study postulated that a 

change in visual abilities accompanied an audio presented 

stressful stimulus© The experimental subjects were 

presented a stressful audio stimulus after they had been 

dark adapted for 25 minutes© After the stimulus presenta

tion % a series of visual thresholds were determined for 

each of the two wave lengths of light used in the experi

ment © These values were compared with the threshold values 

determined immediately prior to the stimulus presentation 

and the results showed that the experimental subjects 

gained in their ability to see the green wave length of 

light and lost in ability to see the red wave length of 

light © The control subjects were presented music without 

stress and did not show any change in visual abilities ©

vi
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A further comparison of this change in visual 

abilities with the change in the cardiovascular system of 
man caused by a one milligram injection of adrenalin showed 

a striking resemblance in magnitude of change over time o



INTRODUCTION

The necessity for man to perform various tasks 

while under conditions of stress from many sources is a 

fact of our civilization» Automation has taken over a 

great many of the tasks previously performed by man but 

man is still the only system that is flexible enough to 

control a multitude of operations® Therefore 9 we find the 

man-machine system with its complexities the rule of the 

day with man as the high level decision maker and the 

machine doing the more routine operations ® For man to 

operate in this role he must have available to him as much 

information from the environment as is possible to guide 

him in the decision making® Man is dependent upon his 

various sensory modalities for the primary reception of 

this information® Any insight into a method or means of 

increasing the sensitivity of any one of these modalities 

should be of value in increasing the efficiency of the man- 

machine system®

Vision is the sense modality most used and this 

modality is affected by many different things ® Most of 

these are quite obvious but others are remote and still not 

generally recognized® This study will concern itself with 

the determination of the effect of stressful audio stimula

tion upon color sensitivity of the dark adapted eye®



HISTORY AND THEORY

The question of intersensory stimulation is 

certainly not a new issue * The first work of any conse

quence in this area was published by Victor Urbantschitsch 

in 1888 and was titled Uber den Einfluss einer 

Sinneserregung auf die ubrigen Sinnesempfindungen (Hartmans 

1933)® This article suggested that the sensitivity of the 

eye to light can be enhanced by simultaneous excitation of 

the ear by an intense stimulus o This suggestion was not 

supported by any rigorous experimentation9 but was reported 

as an observation® In the years following this first 

suggestion several men9 including Newhall and Hornbostel9 

investigated the phenomenon®

In 1923 Newhall published an article on the effect 

of attention on intensity pf cutaneous pressure and on 

visual brightness (Newhall9 1923) reporting that if a 

series of momentary visual stimuli of uniform value and 

approximately at difference-threshold were presented 

simultaneously with a series of clicks 9 there occurred a 

dual tendency for more of the visual stimuli to be judged 

superthreshold and the brightness of a greater magnitude 

than in a series when the clicks were omitted®

In 1930 an article published by Kravkov (Kravkov9 

193^)9 the experimenter reported an increase in visual



acuity as the result of the simultaneous stimulation of 

other sense organs including the auditory mechanism of the 

ear. This experiment was repeated (Hartman9 1933) an<̂  it 

was reported that for audition the results of the previous 

experiment were verified®

A report on the psychophysical measurement of the 

temporal course of sensitivity (Thorne 9 1934) again gave 

positive results in the area of intersensory stimulation® 

The experimenter found that a buzzer sounding at a constant 

loudness throughout the trial period and then turned off 

immediately after the subject had been presented the light 

stimulus caused an increase in sensitivity to the light of 

as great as 15% ® He tested each day for nine days and 

found that by the end of the period the buzzer had become 

neutral®

A few years later a report on the effect of 

auditory stimulation on visual sensitivity (Serrat and 

Karwoski 9 1936) was published® This work was the first to 

use two different wave lengths of light % one was 506 

millimicrons and the other was 710 millimicrons ® The 

stimuli presented to the subjects were a sound of 4l0 cps 

and a light ® One group was given a light with the 506 

millimicron wave length and the other was given the light 

with the 710 millimicron wave length® The sound was turned 

off and the threshold judgment was taken® The results 

showed no difference between thresholds of the control



subjects and the experimental subjects for either of the 

wave lengths of light o

An article on the interrelations of the sensory 

systems in perception (Ryan9 1940) reported that acoustic 

excitation increases sensitivity for short wave lengths of 

light and decreases it for wave lengths greater than $20 

millimicrons 0 The article cited work done in Russia in 

1939 by Kravkov which reported that auditory stimulation 

affected color thresholds* A report on intersensory 

facilitation and inhibition by Gilbert (l94l) further 

explained the Kravkov experiment* The Kravkov experiment 

obtained a differential effect of sound on sensitivity to 

different wave lengths of light* The sound used was a 

tone of 2100 cps and a sound-pressure level of 100 db * The 

curve for the apparent brightness of the spectrum shifted 

so that the region of greatest sensitivity was from $20 to 

$30 millimicrons instead of $$4 millimicrons and the region 

of greatest decrease in sensitivity was from $80 to 600 

millimicrons® In general % blue-green sensitivity was 

increased by the sound while orange-red was decreased * 

During the decade 9 1930 to 19401 a number of 

articles on intersensory stimulation appeared in Russia9 

among these was a report on the influence of acoustic 

stimulation upon the peripheral limits of visual fields for 

different colors (Yakovlevs 1938)* In this article it was 

said that the limits of the visual fields for green and



blue colors expand under the influence of acoustic stimuli* 

The limits of the visual fields for orange-red colors 
contract and those for extreme red colors are unchanged *

The article also reports that Kravkov found similar results 

for the macular regions in work done in 1936 o In 194l 

Kravkov (19^1) stated that quite different indirect 

stimuli"*" often produce similar changes in the color 

sensitivity of the eye * He assumed that this similarity 

of effect was due to these indirect stimuli being similar 

in their influence upon the autonomic nervous system * By 

experimenting directly with adrenalin instillation into 

the eye t changes in the color sensitivity were shown * The 

sensitivity to orange-red light was decreased while that 

to blue-green was increased * The wave length values of 

the points of maximum change were 600 millimicrons and 530 

millimicrons * The values for adrenalin and for acoustic 

stimulation were practically identical in wave length and 

magnitude *

The advent of World War II intensified the interest 

in this area of research9 as any method that would increase 

man?s abilities in the area of vision would be of great 

value® Much of the work in this area has been reported by 

the Russian scientists who claim that intersensory

1® Kravkov uses the term ^indirect stimuli11 to 
refer to stimuli that effect sensations in other sense 
modalities®
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stimulation has led to shortened times of dark adaption and 

increased night vision capabilityo Kekcheev was one of the 

most active of the experimenters in this area® His experi

ments were repeated as closely as possible in America by 

Chapanis^ Rouse and Schachter (19^9) ® The results of the 

American study show no change in visual capabilities that 

could be explained by any of the stimuli reported by the 

Russians® They tested the effect of odors 9 sounds 9 

cutaneous pressure9 and light exercise upon dark adapta

tion and night vision®

In 19^7 a study of the significance of the sympa

thetic nervous system in the regulation of the excitability 

of the visual analyser was done in Russia by Babskii 

(l950)o This study led to the conclusion that injections 

of adrenalin accelerates dark adaptation and increases 

sensitivity to light® The conclusion was also made that 

the sympathetic nervous system exercises an adaptive 

influence on the visual analyser® A report was published 

by Rose and Schmidt (1948) on factors affecting dark 

adaption® They reported that caffein-metrazol9 exercise$ 

strychnine % supersonic vibrations 9 pervitin9 ephedrine 9 

saccharin % actium9 and vitamin A did not effect dark 

adaption® It might be well to note that the effects of 

adrenalin and ephedrin upon man are quite similar with one 

primary difference which is of concern here ® Adrenalin

I



increases the intra-ocular pressure while ephedrin does not 
(Goodman and Gilman9 1956 )o

The report of a study on the effect of different 

kinds of exercise upon dark adaptation (Wendland^ 1948) 

indicated that light exercise has no effect upon dark 

adaptation but that heavy exercise has a biphasic effect 

on rod threshold which elevated the total dark adaptation 

curveo

A report by Kravkov (1954) on the influence of 

color adaptation of the eye on its reactiveness to inade

quate stimuli stated that an inadequate stimulus such as 

sound caused a green adapted eye to exhibit heightened cone 

sensitivity9 and a red adapted eye to exhibit decreased 

cone sensitivity« The effects of accessory stimulation on 

cone sensitivity are always opposite for eyes adapted to 

green and red lights® The report appears to be the end of 

another series of experiments in the area of this phenom

enon o

A monograph published in 1950 concerning the

relations between vision and audition which mentioned many

of the experiments noted here had this to say about inter-

sensory facilitation:

If two sensory paths converge on a motor center9 
the reflex due to either may be altered in speed 
and magnitude® The speed will not much exceed 
that of the fastest path; the magnitude will 
depend upon the arrival times at the point of 
convergence o Simultaneity is best; other temporal 
patterns may inhibit rather than facilitate® The



weight of evidence is in favor of one organ 
enhancing the sensation from another organ-*- 
though there are negative findings (Harris 9 
1 95 0 9 p ® 47 ) @

Interest in sensory interaction seemed to be 

renewed with the publication of a research report on sensory 

interaction experiments in the Soviet Union (London% 195^) 

which described much of the work that had been and was then 

being done in Russia® The report also contained an 

excellent bibliography listing a vast number of Russian 

works on the subject®

The effect of audio stimulation upon signal detec

tion was investigated and reported in two recent studies 

(Ogilive 9 1956; Watkins 9 1964)® Both of these investigators 

found that acoustic stimuli can function to improve visual 

signal detection®

A study by Coleman and Krauskopf (1957) on the 

influence of high intensity noise on visual thresholds 

found no significant difference in thresholds between those 

taken under quiet conditions and those taken during condi

tions of high intensity noise® These experimenters also 

tried variation in the sound-pressure levels 9 using levels 

between 110 db and l40 db® No significant effect upon 

visual thresholds was reported® Thresholds of individual 

subjects^ however9 were changed significantly during the 

noise condition® Some subjects had a higher threshold 

during the noise condition and some had lower thresholds®



It was also reported that the subject ? s thresholds during 
the noise condition appeared to be influenced by spurious 
information about previous performance during noise condi
tions o

An interesting article not directly concerned with 

sound but still in the intersensory classification was a 

recent report on the effect of hyperthermia on peripheral 

dark adaptation (Kissen9 1962)0 The subjects were exposed 

to a 65 ® 5 °C ambient air temperature for 55 minutes® The 

dark adaptation curves obtained differed significantly from 

those of the control subjects® These curves indicated an 

increased in adaptation rate under the imposed thermal 

stress conditions ®

An article from Japan by Maruyama (1964) on 

sensory conditioning and the application to UCR of the 

rise of visual sensitivity induced by intersensory tone 

stimulation reported an increase in visual sensitivity from 

a tone stimulus®

The final report to be cited is one concerning the 

increase in adrenalin concentration found in the blood of 

subjects who were performing a visual vigilance task 

(09Hanlen9 1965)0 Two of the three experimental subjects 

showed increases in adrenalin concentration in the blood 

averaging 4 micrograms per liter during watch-standing 

which was the stressful task® An increase in initial 

adrenalin concentration in the blood of subjects who are



to perform such stressful tasks as lengthy and difficult 

mental tests and of subjects awaiting rides in a centrifuge 
to determine tolerance limits has also been noted* The 

increased initial production of adrenalin could serve an : 

adaptive purpose to a monitor * It has been shown with an 

infusion technique by Frankenhaeusen% Jorpe 9 and Mat ell 

(0*Hanlen% 1965) that an increased amount of adrenalin 

facilitates human ability to concentrate in tedious tasks* 

There was a positive correlation between signals detected 

and adrenalin content of the blood *

The present writer originally became interested in 

this area through a study of the effect of color upon radar 

operator performance (Barnes 9 1965)0 This experiment was 

initiated in December 1963 to determine the effect of the 

phosphor color used on the 10UP14 Cathode Ray Tube upon the 

bombing scores of operators using this CRT in a jet air

craft bombing system* This particular CRT was supplied to 

the U * So Air Force with either an orange-red or a blue- 

green phosphor screen by Western Electric Company of 

Winston Salem^ North Carolina with a USAF stock number 

5960-543-1820 * The experimenter had9 from his own experi

ence in using this equipment 9 expected to find a significant 

difference between the scores made with the blue-green CRT 

and those made with the orange-red CRTo A trend was found 

but the level of significance 9 25%9 was so low as to negate 

any comments on the relative values of the two types of
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phospors o The blue-green scores tended to be superior to 

the orange-red scores o There was no significant difference 

between the aircraft radars * The sample consisted of 1100 

scores from ^4 operators using 32 aircraft» The experi

menter interviewed 4l operators who were using this equip

ment as to their preference of color o These operators 

ranged in age from 23 to 45 years and included a good cross 

section of the skill levels of operators of this type of 

radaro It was found that 37% of the operators interviewed 

preferred the blue—green CRT9 23% preferred the orange-red

and 20% had no preference® A Critical Ratio test showed 

that this difference of color preference for the blue-green 

CRT was significant for the 40 year group versus the 30 

year group and for the 20 year group versus the 30 year 

group® There was no significant difference between the 20 

and 40 year group 9 both of these groups preferred the blue- 

green CRT o



STATEMENT OF PROBLEM

This study was a direct result of this previous 

work by the writer and the London (1954b) article reporting 

on the work done in Russia o This phenomenon was commented 

on in a psychology text as follows; ltIt might be well 

here to reiterate our invitation to skepticism and to 

accompany it with the obvious suggestion that attempts to 

replicate such experiments would be of great value!t (Dember 9 

I96O 9 p. 222)o

The present study was done to determine the effect 

of a stressful audio stimulus upon the color sensitivity 

of a dark adapted subject o It was postulated that there 

would be some change in the color sensitivity after the 

presentation of the audio stimulus o The study was also to 

investigate the temporal relationship of the changes o

12



METHOD

Subjects o The subjects used in this experiment 

were 42 University of Arizona students; 36 were undergradu

ates chosen by use of a random numbers table from the 

Experimental Psychology class and six were graduate 

students from the Department of Systems Engineering® These 

subjects ranged in age from 20 to 35 years 9 with the 

majority in the 20 to 24 year group® The control group 

was made up of eight females and thirteen males while the 

experimental group consisted of eleven females and ten 

males® All subjects were questioned to determine if any 

were color blind® One subject reported difficulty with 

the extreme ends of the spectrum; this subject saw the 

light sources as pink and blue rather than as red and blue- 

green® He was used in the experiment®

Apparatus ® The apparatus was designed to enable 

the experimenter to present to the subjects a stressful 

audio stimulus and to determine the subject5s ability to 

see a red and blue-green lighted field under this condi

tion® The stressful audio stimulus was presented by the 

use of a four-track stereo tape recorder and a multiple unit 

system of speakers® The tape recorder was also used to 

provide music during the dark adaptation^period® The first 

l8 subjects used dark adaptation goggles during the first

13
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20 minutes of their dark adaptationo This was done to 

minimize the amount of time away from their laboratory 

periodo The subject*s ability to see the lighted fields 

was determined by the use of calibrated9 variable light 

sources for each of two colors @ The experiment was con

ducted in a sound resistant roomo

The tape recorder used was a Roberts model 990 four 

track stereo tape recorder manufactured for the Roberts 

Corporation in Japano The power supply and control unit 9 

Figure 1% used for the intensity control of the light 

sources contained two separate power supplies 9 each with 

an 8®5 volt maximum output® The voltage level to each 

light source was controlled by a variable attenuator with 

a rating of 15 watts and 500 ohms 9 which was manufactured 

by the Admiral Corporation of Chicago 9 Illinois as part 

number P-430-124® The controls were mounted on the front 

panel of the power supply and control unit and each had an 

indicator dial with 60 divisions® The readings were taken 

by use of pointer type control knobs which were colored to 

agree with the light source controlled® The front panel 

of the power supply and control unit also contained 

separate off-on switches for each of the power supplies and 

a pair of relay control switches which were not used in 

this experiment ® The power supply and control unit was 

connected to the testing console s Figure 2 9 by means of



Fig. 1. Power supply and control unit



Fig. 2. Testing console
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cables and miniature phone jacks to permit the experimenter 

considerable flexibility in the placement of the two units o

The testing console consisted of a folding metal 

case with two lights and a sound source mounted in one 

halfo The other half was used to store material used in 

the experimento The case 9 when opens was self supporting 

with the light and sound source panel locked in the 

vertical position and with the storage section forming the 

base o The light and sound source panel was constructed 

from plywood and pegboard with a walnut finish to allow for 

as little reflection of incident light as possible 

(Woodson^ 1954b) ° This panel was 15 by 17 inches in overall 

dimensions with the light centers 9 ° 5 inches from the 

bottom of the panel and 5®5 inches from either edge® This 

placement allowed six inches between the centers of the 

lights® The sound source was mounted in the center of the 

panel with its center 3 ® 75 inches from the bottom of the 

panel®

The light sources were of identical construction9 
the cases were 3 ®125 inches in diameter by two inches in 
length with a rear case that was 2 ® 5 inches in diameter by 
one inch in length® The back of the main case was provided 
with a mounting for the two inch by two inch color filters 
used to provide the proper wave length of light® Also in 
the main case a heavy weight parchment screen was mounted 
1 ® 5 inches in front of the color filter to provide a
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homogeneous field for the light presentation«, The rear 
case was sprayed on the inside with chrome enamel and 
contained a socket for a type 4? light bulb® The cover- 
glass on the front of the main case had its lower half 
covered with black construction paper® There was also 
another heavy weight parchment disk mounted in a removable 
shield and placed over the cover glass § Figure 3$ to allow 
the experimenter more latitude in intensity adjustment ®

The filters used to provide the color for the light 
sources were Wratten type filters manufactured by the 
Eastman Kodak Company of Rochester9 New York® They were 
placed between polished^ single weight glass for mounting 
in the light source cases® The red filter9 a type 249 had 
a dominant wave length of 6l2®5 millimicrons® The blue- 
green filter9 a type 60 9 had a dominant wave length of 520 
millimicrons ®

The sound source was a four inch permanent magnet 
speaker similar to those used in automobile radios® It was 
connected to the sound source control box9 Figure 49 by 
means of a standard audio cable and phone jacks® Other 
sound sources used in the experiment were a model AS-8X 
speaker system manufactured by the Heath Company of Benton 
Harbor9 Michigan and a 12 inch permanent magnet speaker 
sealed in a 9 x l4 x l4 inch fiber board case which was 
mounted under the seat of the chair used by the subject®
The model AS-8l speaker system was controlled by the sound
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Fig. 3. Testing console with removable shields installed



Fig. 4. Sound source control box
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source control box while the 12 Inch speaker was connected 

directly to the tape recorder o The sound source control 

box consisted of a three position switch for speaker 

selection and four output phone plugs all of which were 

mounted in a metal caseo The input cable was connected to 

one of the outputs of the stereo tape recorder®

The stimulus presentation tape contained 22 

minutes and 20 seconds of selected songs 9 a one minute 

quiet period9 the stimulus prelude of two minutes and 20 

seconds % and the stimulus presentation of 40 seconds® The 

stimulus prelude was a recording of the sounds of an 

automobile starting and then proceeding to move along the 

road on one track of the recorder 9 and of a popular song 

to simulate the automobile radio playing on the second 

track® The stimulus presentation consisted of the sound 

of an automobile skidding9 a girl screaming9 and an 

automobile crashing followed by the murmuring of a crowd9 

this was recorded on one track of the recorder^ the other 

track had a blank starting with the crash and continuing 

until the start of the crowd murmur at which time the 

sound of a siren approaching was recorded® The recording 

stopped when the siren arrived at the accident scene® The 

siren sounds came from the AS-81 speaker system which was 

located on the floor three feet behind the subjectfs chair® 

A Burgess 1 ® 5 mil red oxide coated acetate tape was used 

for the recording®
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The light sources were measured in foot-lamberts 

with a Gamma model 700 Log Linear Photometer and a Gamma 

model 220 Standard Lamp Source o This equipment was 

manufactured by the Gamma Scientific Company of San Diego 9 

Californiao The readings in foot-1amberts were obtained 

from the cover glass filter of each of the light sources by 

the use of a model 700-3D Fiber Optical Probe attachment 

for the Log Linear Photometero The respective control was 

calibrated and a table was constructed to convert control 

readings into foot-lamberts o

The experiment was conducted in a model 403 light 

and sound resistant room manufactured by the Industrial 

Acoustics Company of New York $4 ̂ New York @ The room was 
complete with an integral ventilation system and light 

fixtures© Power outlets were also available© The incident 

light in the testing console area tyas measured and found to 

be less than ©01 foot-1amberto The model 700-4 Incident 

Cosine Receptor Head attachment for the Log Linear Photom

eter was used for the measurement =>

A pair of model N-2 Dark Adaptation Goggles with a 

Class 3 red lens was used by the subjects who partially 

dark adapted during the laboratory period© The goggles were 

manufactured by the Pioneer Scientific Corporation®

Procedure® A factorial combination of stimulus and 

color was used©
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The testing room contained all of the apparatus 

used in the experiment and the experimenter was in the room 

with the subject for all testingo This procedure elimi

nated the need for the use of any type of communication 

equipmento It was also a method of minimizing any appre

hension on the part of the subject caused by the darkness 

and quietness of the roomQ

The subjects were unsystematically assigned to be 

control or experimental subjects* The first subject was an 

experimental subject 9 the second was a control <> This order 

was followed throughout the experiment« Subjects reported 

for the experiment when they had the time free so it was 

impossible to predetermine who was to be a control and who 

was to be an experimental subject o The subjects were 

unaware of who had preceded them in the experiment©

The subject was seated in the chair and positioned 

so that his eyes would be 24 inches from9 and directly in 

front of the lights on the testing console© He was 

instructed to look directly at the testing console during 

the threshold determinations© The following instructions 

were then read to him:

This experiment is designed to determine 
thresholds of orange-red and blue-green light 
under dark adapted conditions © In general it 
takes approximately 25 minutes to become dark 
adapted© Therefore9 we will take the first 
readings at the end of a 25 minute period© Then 
in about three or four minutes we will again 
take a series of readings 9 this series of 
readings will consist of four or five



determinations for each color and should take 
a total of nine minutes® The complete experi
ment will last 45 minutes®

The subjects who had partially dark adapted using

the goggles were now ready for the determination of base

thresholds® They had worn the goggles for 15 to 20 minutes

and had spent ten minutes in the dark room before threshold

determination was begun® The subjects who dark adapted

entirely in the dark room were played 22 minutes and 20

seconds of relaxing musical selections after the directions

were given before threshold determinations were made®

While the subject was becoming dark adapted the

intensity of the two light sources was kept at a low level

to prevent any impairment to the dark adaptation process®

At the end of the music presentation the tape recorder was

shut off and the thresholds were determined for both

colors of light®

The method of limits was used to determine all

thresholds in this experiment ® When using the descending

intensify to determine a reading a slight pause was made at

each setting® When using the ascending intensity a pause

of four seconds was necessary at each setting to allow the

filament to obtain full intensity® This was especially

critical at the lowest voltages® After the thresholds had

been determined the tape recorder was ^gain turned on® The

experimental subject was told; "Assume now that you are

going on a drive with your    (wif e 9 husband 9 dat e)
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and the car radio is playing and in general it is a happy 

type of a day o,f The automobile drive 9 accident 9 ambulance 

siren sequence was then presented* After a 15 second delay 

at the end of this sequence thresholds were again deter

mined and the time of each determination was recorded * In 

general it was possible to make four determinations for 

each color in the nine minute period following the end of 

the accident sequence*

The control subject was exposed to exactly the same 

conditions as the experimental subject with two exceptions * 

The instructions that preceded the accident sequence were 

changed to; "You are going to hear some music which will 

come from the speaker in the console * The music is sup

posed to be coming from an automobile radio and the program 

is in progress as we turn the radio on®" The same tape was 

played for the control subject that was played for the 

experimental except that the accident and the ambulance 

siren were electronically deleted* The same threshold 

determination schedule as that of the experimental subject 

was followed *

The level of intensity of the orange-red and the 

blue-green lights were kept at a level just above that 

originally determined as the threshold during the playing 

of the second recording* The thresholds were determined by 

reducing the intensity until the subject reported that he 

could no longer see the light9 the controls were then
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turned to a setting at which the light could not possibly 

be visible before starting to increase the intensity,, When 

the subject reported that he again saw the light the con

trol reading was made o If the descending and ascending 

control readings were within 1/2 division of each other the 

midpoint value of the reading was used as the threshold^ if 

not the procedure was repeated until this situation pre

vailed o In general it was possible to take four sets of 

thresholds in the allotted nine minutes but some subjects 

ran a few seconds over the time and still others were able 

to give the experimenter five sets of readings in the nine 

minute period®

The values obtained for thresholds were plotted on 

a graph with foot-lamberts as the ordinate values and time 

as the abscissa values o The threshold values for each 

minute from one through ten after stimulus ending were 

available from this graph„ This procedure gave the values 

used to statistically analyze the data for each one minute 

period» Individuals do not have the same thresholds so it 

was necessary to convert all of the graphic values to the 

same meaning® This was done using the original threshold 

as a base and comparing the one minute values with it„

The difference was recorded as the score for that period® 

These scores were used in the statistical computations®

The order of light presentation for threshold 

determination alternated with each pair of subjects5 that



is the orange-red then blue-green order was used for one 
experimental and one control subject, the next pair received 
the order blue-green then orange-red and so on.



RESULTS

A graphic representation of the overall results of
r " •this experiment is shown in Figure 5° This graph shows the 

mean gain or loss in foot-lamherts for each of the wave 

lengths of light used in the experiment * The values are 

given for the control and the experimental groups at each 

time periodo Not every subject reacted in the direction 

indicated by the graph® The factor which gave the variance 

here was the orange-red light under the stimulus condition® 

There were three subjects^ one male and two female9 who 

gained rather than suffered a decrement in their ability 

to see the orange-red light under the stressful condition® 

The plot of the values of the male subject showed an 

initial gain and then a gradual return to the base thresh

old at nine minutes and 20 seconds after stimulus presenta

tion® The two female subjects had identical reactions 9 

they showed a gain in their ability to see the orange-red 

light with no later decline in sensitivity to this light 

throughout the time period® This gain in ability to see 

the orange-red light under the stressful condition was also 

observed in one of the seven subjects in the pilot experi

ment o There was no experimental subject who did not make 

some gain in the ability to see the blue-green light® In 

general the control subjects show a negligible change

28



Fig o 5° Overall results of the experiment with mean change 
in threshold value plotted as a function of time o 
The parameters are color and stimulus® The groups 
are the blue-green stimulus group (GE)9 the blue- 
green control group (GC)9 the orange-red stimulus 
group (RE)9 and the orange-red control group (RC)*
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across time9 nine of the 21 subjects showed some fluctua

tion while the rest remained constant* The amplitude of 

these fluctuations was quite small * See Figure 5 for 

average trends* t-

One of the experimental and one of the control 

subjects had experienced an actual situation similar to 

that used as the stimulus during the previous six months*

The control subject9 s results were constant * The experi

mental subjects s reaction is worthy of special attention*

His plot is shown in Figure 6* The blue-green gain was 

approximately the same magnitude as the orange-red loss at 

every time period^ the amplitude of these changes during 

the early time periods was considerably greater than that 

of the average experimental subject but as the end of the 

time period approached the values became quite similar to 

those of the experimental group as a whole* It appears 

that the more meaningful the stimulus is to the subject 

the greater is his reaction*

An analysis of variance in terms of stimulus and 

color over time was computed* As a result of the basic 

design of the experiment it was not possible to pool the 

subjects* scores for each condition and color for each 

time block® The results are shown in Table 1* The stimulus 

effect was significant beyond the *025 level * The stimulus 

times time interaction was also of interest^ it was 

significant beyond the *005 level* The color times



Fig. 6 Change in threshold values of subject plotted as 
a function of time o The parameters are color e 
The colors are blue-green (G) and orange-red (R)•
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TABLE 1

SUMMARY TABLE FOR ANALYSIS OF VARIANCE

Source df
Sums of 
Squares

Mean
Square F P

Stimulus 1 256.03968 256.03968 5.885 .01 >■ p =5 =025

Error (s) 4l 1740.27185 43.50679 - -

Color 1 1246.45249 1246.45249 13.628 p < .005
C x S l 1487=31275 1487=31275 16.261 p .005
Error 1 (w) ko 3658.55328 91.46383 -** —1

Time 9 257=51496 28.61277 6.859 p -< . 005

T x S 9 230.73285 25.63698 6.146 p < .005
Error 2 (w) 360 1501.7060 4.17140 - -

T x C 9 673=48496 74.83166 12.107 p < .005

T x C x S 9 661.04593 73=44954 11.884 p < .005

Error 3 (w) 360 2225.02111 6 .18061 - -
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stimulus interaction was of interest as this shows the 

relationship of stimulus and color 9 this interaction was 

significant beyond the 0OO5 levelo The stimulus and the 

stimulus times color factors had one and 40 degrees of 

freedom while the stimulus times time interaction had nine 

and 360 degrees of freedom*

An analysis of variance was also computed in terms 

of stimulus and color for each one minute period to deter

mine exactly when the stimulus factor was significant and 

when it lost significance * The results 9 shown in Table 29 

of these analyses of variance showed that the stimulus was 

significant at the *025 level or better for the first five 

minutes® From the sixth period until the end of the ten 

minutes there was no significant difference between the 

experimental and the control conditions o These conditions 

all had one and 40 degrees of freedom®
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TABLE 2

RESULTS OF ANALYSES OF VARIANCE

Time 
Period 

Minute& F

Stimulus
P

1 10.786 p < .005
2 13-703 p < .005

3 13.001 p < .003
4 14.884 p < . 003

5 6.627 = 01> p < .005

6 2 = 002 . 20> p < .10

7 F < 1 N. S .
8 F < 1 N. S.

9 F < 1 N. S.
10 F < 1 N. S .

i



DISCUSSION

The results found in this experiment indicate that 

there is some relation between a stressful condition such 

as brought about by the audio stimulus used in the experi

ment and man8 s visual ability when dark adapted o Several 

of the experiments reviewed earlier in this report 

(Kravkov? 1941; Babskii 9 1950; 0 8Hanlen9 1965) indicated 

positive results and also stated that an increase in the 

adrenalin concentration in the subject*s blood was cor

related with these resultso

It was originally planned to take blood samples 

before determining the subject8s base threshold and also 

after the stimulus had been presented© The expense involved 

in this procedure was prohibitive for unsupported research 

such as this © It is hoped that an opportunity to follow 

this procedure will present itself in the not too distant 

future ©

A comparison between the results of this experiment 

and the changes in the cardiovascular system caused by a 

one milligram subcutaneous injection of adrenalin (Goodman 

and Gilman9 1956) is shown in Figure 7® It can be seen 

that the greatest effect occurs at one minute and 36 

seconds after the injection and tapers off until at six 

minutes the curve is quite flat © The values through 12

35



Pig. 7 Comparison between cardiovascular change caused by 
a one milligram injection of adrenalin and visual 
threshold change caused by an audio stimulus 
presentation plotted as a function of time® The 
parameters are color and cardiac output (CO)®
The colors are blue—green (G ) and orange-red (R)0
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minutes are essentially the same as at six minutes e The 

results of the present experiment follow a similar pattern® 

The single period analyses of variance show significant 

difference in sensitivity to the two wave lengths used 

caused by the stimulus for the first five minutes9 an 

insignificant but trend difference for the sixth minute 

and then no apparent difference for the rest of the period® 

The values found for the base thresholds in this 

experiment are quite close to those reported by Sheard 

(1944) for a 25 minute dark adaptation period® The 

average base value for the blue-green threshold was ®00017 

millilamberts 9 that for the orange-red threshold was 

®00032 millilamberts® These differences in the absolute 

values of the blue-green and orange-red base thresholds 

are similar in magnitude to the differences shown in a 

graph from a 1922 article by Kohlrausch (Sheard^ 1944)®

The angle subtended by the visual stimulus in the present 

experiment was three degrees and 44 minutes®



SUMMARY

The 42 subjects were divided equally into a control 

and an experimental group® The experimental subjects were 

presented a stressful stimulus after they had been dark 

adapted for 25 minutes® After the stimulus presentation^ a 

series of visual thresholds were determined for each of the 

two wave lengths of light used in the experiment® These 

values were compared with the threshold values determined 

immediately prior to the stimulus presentation and the 

results showed that the experimental subjects gained in 

their ability to see the blue-green wave length qf light 

and lost in their ability to see the orange-red wave length 

of light® The control subjects were presented music with

out stress and did not show any change in visual sensitivity®

The data obtained from the changes in abilities to 

see the orange-red and the blue-green wave lengths of light 

was statistically analyzed by the use of the analysis of 

variance technique® The results showed that differences in 

the color sensitivity of the experimental group versus the 

control group were significant at beyond the .025 level of 

confidence® This significant difference between the two 

groups supports the hypothesis that the stressful audio 

stimulus does produce a change in the color sensitivity of 

the eye»

38
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A further comparison of this change in visual 

abilities with the change caused in the cardiovascular sys

tem of man by a one milligram injection of adrenalin showed 

a striking resemblance in magnitude of change over time o

A statistical analysis of each one minute period by 

use of the analysis of variance showed significant dif

ferences between the experimental and control groups for 

the first five time periods 9 an insignificant trend dif

ference in the sixth period and then no apparent difference 

for the rest of the ten periods o The cardiac-output showed 

an increase for the first one minute and 36 seconds 9 then 

a slight decline until the third minute and then a decline 

until, the six minute and 36 second point at which time it 

leveled off and remained constant through the remainder of 

the period*
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