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ABSTRAGr 

EFFECT OF PROLONGED AUDITORY DEPRIVATION 

ON THE CRITICAL FLICKER FREQUENCY 

by 

Gerd Michael Bross 

The purpose of this thesis was to determine whether a signifi

cant improvement in visual performance, as measured by the critical 

flicker frequency (CFF), can be demonstrated during a prolonged 

period of auditory deprivation (silence). While numerous studies 

have shown that a variety of intersensory enhancement effects can 

occur during extended periods of visual deprivation, no attempts have 

been made to determine whether similar facilitatory effects can 

result from long - term auditory deprivation, a pred i ction that would 

follow from Schultz's (1965) sensoristatic theory, 

Two experiments were conducted . In Experiment I, 12 male 

subjects were exposed, individually, to a week of auditory depriva

tion in a soundproofed chamber. Apart from constant silence, their 

visua l environment was normal. The monocular CFF for a central1y

fixated white light was then determined at daily intervals during the 

one-week period and, subsequently, at intervals of 1, 2, 3, and 7 

days after the termination of auditory deprivation . In addition, a 

group of 12 confined and a group of 12 non- confined control subjects 

were employed for comparative purposes. These subjects were tested 

at the same time intervals as the experimenta1s. The results 



revealed that the experimental group exhibited a progressive 

improvement in visual performance as a function of increasing 

duration of auditory deprivation and, following its termination, a 

gradual decline towards the pre- experimenta l baseline. On the 

other hand, both control groups showed no systematic changes in the 

CFF during the entire l4-day test period, a finding which suggests 

that solitary confinement per se is not a variable in producing the 

super i or visual performance in the experimental group. 

Experiment II, employing 6 subjects , was similar to the 

first except that the group was exposed to a l4-day rather than a 

7-day period of auditory deprivation and no follow-up measures were 

taken . The results again revealed a progressive improvement during 

the first week of silence, thus replicating the results of 

Experiment I, followed by an asymptotic or plateau-like performance 

from Day 8 to Day 14. Furthermore, in both studies the third order 

polynomial was found to be the curve of best fit. 

The results of these two experiments were related to the 

previous work on visual deprivation effects and to Schultz's 

sensoristatic theory which predicts that sensory restriction should 

produce intersensory enhancement effects . 
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CHAPTER I 

THE PROBLEM AND INTRODUCTION 

Statement of the Problem 

During the last decade, a series of studies conducted at the 

University of Manitoba have demonstrated that subjects who are visually 

deprived for a week, but otherwise are exposed to a normal and varied 

environment, show a significant increase in auditory, cutaneous, olfact 

ory, and gustatory sensitivity. Furthermore, these intersensory 

facilitatory effects were shown by virtually all of the experimental 

subjects and persisted for several days after the termination of visual 

deprivation . These findings are of theoretical importance since they 

provide some experimental support for Schultz ' s (1965) sensoristatic model 

of the nervous system whose main postulate states that "when stimulus 

variation is restricted, central regulation of threshold sensitivities 

will function to lower sensory thresholds, lI Although these Manitoba 

studies have clearly demonstrated that a prolonged period of visual 

deprivation can improve performance on a variety of non-visual sensory 

tasks, no attention has been paid to the problem of whether similar 

intersensory facilitatory effects can result from auditory deprivation, a 

prediction that would follow from Schultz's sensoristatic theory . 

In view of the importance of this topic, particularly with regard 

to the generality of the sensoristatic model, an attempt will be made to 

determine whether auditory deprivation of up to 14 days duration can 

produce a significant improvement in visual performance as measured by 
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the critical flicker frequency (CFF). 

Introduction 

The belief in the existence of an interaction or unity among the 

senses originated many centuries ago. Plotinus (ca . 250 AD) wrote: II 

though one thing proceeds through the eyes, but another through the ears, 

yet it is necessary there should be one thing at which both these arrive , " 

Similarly. the Scottish philosopher David Hume (1739) argued 1500 years 

later that 11 'Tis evident that ••. colours , sounds, heat and cold, as far 

appears to the senses, exist after the same manner .• , " . These early vietV's, 

based on philosophical premises and arguments, had to wait upon the 

research of Pierre Flourens in 1837 for their first empirical support. On 

the basis of his brain extirpation studies, Flourens claimed that he found 

evidence for a unitary principle underlying all neural processes, includ

ing sensation and perception o Furthermore, he concluded that the nervous 

system functions as an articulated and integrated whole, and that nAIL 

the perceptions . • . (constitute) only one faculty essentially a unit" . 

(Quoted in Boring, 1950, p. 65) . 

Flourens ' method of attack constituted a definite break with the 

tradit i onal approach to the problem: philosophical speculation gave way 

to experimental investigations . With the establishment of the experiment 

al method as the legitimate tool of inquiry, three general methodological 

approaches have been developed over the last century to investigate the 

nature of intersensory effects. 

The first of these attempts to ascertain the residual sensory 

capacities of individuals with sensory losses, viz . , the blind and the 

deaf. Generally speaking, the research conducted within this framework 
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has largely been influenced by the long-held view that the loss of one 

sensory system can be vicariously compensated for by increased sensitivity 

in the remaining senses . Although this theory of sensory compensation has 

been tested in numerous experimental studies, the literature is replete 

with reports which both confirm and refute this notion . 

Hayes (1934), surveying the accumulated literature in the field 

at the time, finds numerous reports supporting both sides of the issue. 

Similarly, Axelrod (1959) concludes that while there is some support for 

the existence of compensatory effects, there is also considerable evid 

ence to the contrary. In a review of the Soviet literature on the topic, 

Markovin (1961) favors the view that compensatory processes occur in the 

form of sensory substitution . Myklebust (1960), on the other hand, finds 

that the loss of a sensory system is likely to result in difficulties in 

information processing in the remaining systems. 

In view of the contradictory nature of these reports, it would 

appear that this first approach can only be regarded as providing data of 

an exploratory or suggestive nature. 

The second general approach to the study of sensory interaction is 

concerned with determining the functional status of one sense modality 

during a brief period of concurrent stimulation of another modality, 

Although this technique of accessory stimulation has provided evidence 

for the presence of a variety of intersensory effects, the results have 

not always been of a consistent nature, 

Gilbert (1941), in an early review of the literature, has reported 

that heteromodal stimulation can produce an enhancement as well as a 
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depression in sensitivity, a divergent set of results which he feels can 

be accounted for by differences in intensity, temporal relationships and 

qualitative aspects of the accessory stimulus. On the other hand, Harris 

(1950), dealing specifically with the interaction between vision and 

audition, concludes that the bulk of the evidence favors the v i ew that 

stimulation of one sense organ enhances the sensitivity of another. In a 

recent discussion of this topic, Symons (1963) has concluded that three 

factors are important in evaluating intersensory £acilitatory effects : 

first, the heteromodal stimulus enhances sensitivity only if it does not 

attract attention to itself; second, the temporal course of development 

of sensitivity must be taken into account; and third, marked individual 

differences can occur. Symons suggests that some of the differential 

results reported in the literature can be understood in terms of one or 

more of these variables . 

It would appear, therefore, that while this second approach has 

demonstrated the presence of intersensory effects, it also has been un 

able to provide a consistent pattern of results. 

The third method , sensory deprivation, involves the determination 

of the functional status of one modality during or after a prolonged 

period of deprivation of another modality. In this technique, the 

objective is either to reduce the absolute level of sensory input (e . g., 

by use of darkness) or, less commonly. to eliminate all informative and 

patterned features of an essentially normal level of sensory stimulation 

(e.g., by use of homogeneous illumination). In the experiments utilizing 

this general approach, the customary deprivation durations have ranged 



from several hours to 7 days . Although this technique is of relatively 

recent origin, it already promises to be the most fruitful approach to 

the investigation of intersensory phenomena , an approach which has led 

to a consistent and theoretically interpretable body of results (see 

Zubek, 1969, for a review of this literature). It is this most recent 

method that will be employed in the present study . 

5 



CRAnER II 

HISTORICAL BACKGROUND 

For organizational purposes, the review of the literature will be 

presented under three main headings: (a) a survey of the reports on the 

residual sensory capacities of the deaf, (b) a review of the nature of 

intersensory effects as determined by the classical accessory stimulation 

method, and (c) a description of the recent sensory interaction research 

employing the sensory deprivation technique . 

Studies on the Deaf 

Interest in the topic of the sensory capacities of the deaf can be 

traced back several centuries. Hartmann (1934) reports that in 1669 the 

Danish anatomist Bartholinus announced that partially deaf persons could 

hear better in the light than in the dark. According to Hartmann, the 

next observation indicating the presence of an intersensory effect came 

one hundred years later, when Ebemaier, in 1796, claimed that the shining 

of a bright light into the ears of partially deaf individuals would 

increase their hearing abilities. As a result of such early reports, 

some analogous observations on blind persons. as well as the notion of 

sensory compensation, it has been a generalization of long standing that 

in the case of deafness the visual and tactile modalities become more 

sensitive to stimulation, vicariously compensating for the loss of hear

ing. Despite this long-held view, this compensatory hypothesis has only 

recently been subjected to experimental study. Although scanty. the 

available literature on the deaf must be regarded as ambiguous; some of 
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the studies have provided support for the concept of sensory compensation, 

whereas others have failed to do so. 

In the only study avai lable on the functional status of the tactile 

modality, Blank and Bridger (1966) compared children with hearing losses 

to normals on their ability to transfer discrimination tasks across sens 

ory modalities. The tasks consisted of basic discrimination problems. 

viz . , light VS. no light, tactile vibration VS. no vibration, problems 

which were learned in one modality and then tested in the other modality. 

The results revealed that deaf subjects were in general more proficient 

in using vibrotactile cues , but no differences were observed between the 

two groups on the visual task. The authors interpreted these findings as 

providing support for the principle that the deaf may compensate in some 

other modalities for their hearing loss. 

Although Blank and Bridger (1966) fo und no difference in visual 

performance between deaf and normal children, other investigators have 

reported the presence of both inferior and superior performance. Sterritt, 

Camp, and Lipman (1966) studied the visual information processing capacity 

of deaf and normal children ranging in age from 3 to 7 years. The 

subjects were presented with various temporal patterns of flashing lights 

and then were asked to reproduce them. It was found that the deaf group 

was inferior to normal children in visual pattern reproduction. On the 

other hand, Furth (1966) has reported a differential set of results. 

Comparing the performance of deaf and normal adults and adolescents on a 

pattern discrimination task, he found that the deaf subjects performed 

better if the stimuli were presented simultaneously. and worse if they 
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were presented successively. 

Although it appears that the results of these last two studies 

are somewhat at variance, this may in fact not be the case. Whereas 

Sterritt et a1. used young children as subjects, Furth employed older 

individuals, and thus the differences in age may well be a s i gnificant 

factor . Some support for this possibility comes from an investigation 

by Myklebust and Brutten (1953) who reported that disruption of the 

auditory modality. especially when occurring at an early stage in 

development (i.e., infancy or early childhood), can produce a retarding 

effect on the development and integration of the remaining sensory 

systems. The authors examined the visual capacities of 191 deaf child

ren by means of the Keystone Visual Survey Tests, An examination of the 

results revealed a clear developmental pattern, For example, on tests 

of stereopsis, no subjects below seven years of age were successful . 

However, one-half of the eight-year-olds and all of those over nine 

years of age showed normal stereopsis. 

In addition to the age of the subjects, several other variables 

may exert a confounding effect in studies assessing th~ sensory abilit

ies of the deaf, e .g., differences in etiology, duration and degree of 

hearing loss , as well as whether the deafness is acqu i red or congenital . 

Since many of these factors are not under the control of the experi 

menter, it is difficult to interpret the data accumulated so far with 

any degree of clarity and any conclusions drawn from studies comparing 

deaf and normal indivi duals are at best tentative, The evidence so far 

seems to suggest that the loss of hearing, especially in young sub j ects, 



may have a disruptive effect on visual perception. However, it also 

appears that on certain types of tasks and in older individuals, com

pensatory improvements may be present. 

Intersensory Effects as Determined by the 

Accessory Stimulation Technique 

9 

The technique of accessory stimulation dates back to the turn of 

this century when the Austrian investigator, Urbantschitsch, started his 

exploratory research in this area. Although the phenomena reported are 

often minute and transitory in nature, they do provide some indication 

of the types of sensory interaction that are possible . This early work 

has been reviewed by Ryan (1940) and Gilbert (1941). Although considered 

scientifically unreliable because of poor controls and some inconsistent 

results, it produced some interesting and provocative findings . Urban

tschitsch, for example, observed that auditory acuity was better if the 

subjects were exposed to light than darkness , an observation simi lar to 

that made by Bartho l inus in 1669, and conversely that auditory stimula

tion led to an increase in color sensitivity . In addition, and perhaps 

most important, he&so noted that t he intens i ty of the accessory st i mu 

lus was a major variable in these phenomena, binaural stimulation having 

a greater effect than monaural, and loud tones being more effective than 

weak tones. 

While this pioneer research did not generate much experimental 

i nterest in the Western hemisphere, the study of sensory interaction has 

received considerable attention in Russia since the 1930's. An extensive 

review of over 500 of these studies has been provi ded by London (1954). 
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The fol l owing is a resume of this Soviet research as it pertains to the 

intermodal effects between audition and vision. 

Much of the Soviet research has concentrated on the effects of 

auditory stimulation on a variety of visual measures . Tonal stimuli 

of average or above average intensity have been shown to produce a 

decrease in peripheral visual sensitivity of up to 20 per cent . On 

the other hand, stimulation by ultrasonic frequencies is reported to 

increase peripheral visual sensitivity . Accessory audi tory stimulation 

of moderate intensity has also been found to enhance central vi sual 

sensitivity to white light in the dark-adapted eye . For monochromatic 

light, this effect is of a more complex nature: whereas central sens

itivity of the dark-adapted eye to short wave lengths (blue-green) 

increases i n response to auditory stimulation, it is decreased for the 

longer wave lengths in the orange-red spectrum. On the other hand, 

central sens i tivity to extreme spectral red and violet as we ll as to 

t he middle spectrum is not affected . 

It is of some interest to note that the above effects have been 

fo und to var y not only as a function of the intensity but also of the 

duration of the aud i tory stimulus. Thus, a one -minute tone character

istically produces no effects, while pronounced effects can be observed 

following the presentation of a three -mi nute tone . 

Numerous studies have also reported changes in the CFP as a 

consequence of auditory st i mulation . However, the specific results 

appear to be of a complex and differential nature , depending large l y on 

the wave length of the light used and whether foveal or peripheral CFF 
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measures are taken. With white light as the primary stimulus, auditory 

stimulation increases the foveal CFF and decreases the peripheral CFF . 

On the other hand, for monochromatic light of short wavelengths, the 

CFF is decreased while for longer wavelengths it is increased. 

In addition, some perplexing phenomena have been reported. For 

example, the color zones of the eye appear to be larger for green and 

blue in response to an auditory stimulus, smaller for orange-red, and 

constant for extreme red . Another intriguing phenomenon is that the 

course of development of visual after-images is affected by tones, 

e.g., an intense auditory stimulus heightens the brightness of the 

after - image and reduces its duration. 

Although Soviet researchers have accumulated a voluminous amount 

of information on sensory interaction effects, this work, unfortunately, 

has rece i ved only limited attention in the Western world . This neglect 

has been attributed by Maier, Bevan and Behar (1961) to such factors as 

inadequate methodology, primitive statistical treatment of the data, 

the presence of conflicting empirical reports, and the absence of an 

adequate theoretical framework to accommodate the complex findings . 

What littl e work has been done on this topic in the Western world wil l 

now be reviewed. Again, this survey will be restricted to studies 

appraising auditory and visual i nteraction effects. 

In general, this body of research has produced results similar 

to those reported in the Soviet literature, i.e., the presence of both 

increases and decreases in sensitivity . For example, Hartmann (1933) 

reported that both high and low tones temporarily increased visual 

7 
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acuity as determined by a discrimination task of black -on-white on black. 

On the other hand, Thorne (1934) observed a differential effect in a 

study varying the figure ~ground relationship between the primary 

(visual) and accessory (aural) stimulus . His results revealed that if 

the auditory stimulus was in the background, visual sensitivity was 

increased while if it was the figure and the visual stimulus became the 

background, visual sensitivity was decreased. In contrast to these two 

positive studies, Serrat and Karowsky (1936) observed no effect of 

simultaneous tonal stimulation on the absolute visual threshold. This 

applied to both white and colored lights . This experiment, it is inter

esting to note, is one of the few studies in the Western literature 

which has failed to demonstrate an interaction between hearing and 

vision. 

The remainder of the relevant studies have been concerned with 

determining the effects of auditory stimulation on the CFF. Unfortun

ately, the results are inconsistent . Allen and Schwartz (1940) reported 

that sound is capable of affecting the CFF, the direction of change 

being dependent upon the intensity of the auditory stimulus. A loud 

tone was found to enhance the CFF, while a weak tone depressed it. In 

addition, a contralateral effect was observed; stimulation of the left 

ear evoked an enhanced visual response in the right eye . Miller (1963) 

also reported that a loud sound can exert a faci1itatory effect. Meas

uring the CFF at six auditory intensity levels ranging from 70 to 109 db, 

he found that visual flicker was reliabl y enhanced relative to an 

ambient noise level of 15-20 db, the greatest effect being produced by 



a white noise of 90 db. However, MCCrosky (1958) reported that white 

noise at levels from 85 to 115 db reduced the CFF from 25 to 22 c.p.s. 

13 

Ogilvie (1956) found no changes in CYF with steady- state white 

noise of 80 to 90 db, an increase in CFY with noise "fluttered" out -of

phase with the visual flicker, and a decrease in CFF with noise 

"fluttered II in-phase. Walker and Sawyer (1961), however. were not able 

to duplicate Ogilvie ' s results and got negative results except for a 

small difference in CFF between steady and in -phase noise. 

Finally, Maier, Bevan, and Behar (1961) investigated the influ 

ence of acoustic stimulation upon monocular and foveal CFY for lights 

of different wavelengths. Three groups of subjects were tested with one 

of three dominant wavelengths (490.5, 538, and 650 . 7 mu). Each group 

experienced auditory stimulation in all combinations of three loudness 

levels (0, 40, and 80 phons) and three frequencies (290, 1050, and 3900 

c.p . s.). The results indicated the existence of complex intersensory 

relationships. The general effect of acoustic stimulation was to 

increase the CFF by 2 to 4 per cent. In addition, the loudness - level 

effects on the CFF were monotonic for blue and red, curvilinear for 

orange, and pitch alone had no effect on the CFF unless it was paired 

with loudness and color. 

This survey of the Societ and Western literature has indicated 

that brief periods of acoustic stimulation can either enhance , diminish, 

or, in a few isolated instances , not affect visual performance. 

Furthermore, the specific nature of these intersensory effects appears 

to be dependent upon such variables as the intensity, frequency, and 
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duration of the accessory auditory stimulus as well as the nature and 

stimulus characteristics of the visual response measures. Thus, 

although a variety of intersensory phenomena have been demonstrated by 

the accessory stimulation method, the specific results are of such a 

complex nature that they have defied any satisfactory theoretical 

explanation. This is perhaps understandable since the phenomena are 

often minute and transitory in nature. a condition conducive to the 

production of inconsistent results. Furthermore, it is possible that 

many of the obtained results represent an lIa ttentional" rather than a 

genuine interaction effect, since momentary stimulation of one sense 

modality may make the subject more alert to the presentation of a 

stimulus in another modality. One may question, therefore. the useful 

ness of the accessory stimulation method in furthering our knowledge of 

sensory interaction effects. 

Intersensory Effects as Determined by the 

Sensory Deprivation Technique 

Since the early 1960's, a series of studies have been conducted 

at the University of Manitoba in which a single-modality deprivation 

technique was employed to study the nature of intersensory effects. In 

these studies, the subjects were placed, in groups of two, in total 

darkness for a period of one week. They were permitted to talk, listen 

to a radio, had freedom of movement, and were visited periodically by 

the experimenters. Various sensory and perceptual measures were then 

administered before and immediately after the week of darkness, and, 

subsequently, at follow-up intervals of 1, 2, 5, and 7 days. 
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In the first study (Zubek, FIye, & Aftanas , 1964), two measures 

of cutaneous sensitivity were taken from the index finger, palm, and 

forearm, viz . , two-point threshold and tactual fusion frequency (a 

task analogous to the CPP and involving the presentation of puf fs of 

air of increasing frequencies) . In addition, a dolorimeter was used to 

measure the heat and pain sensitivity of the forearm . Briefly, the 

results revealed a significant improvement on all measures, on all skin 

areas, and by all 16 experimental subjects. Furthermore, this increased 

sensitivity was still present, to a statistically significant degree, 

several days after the restoration of normal vision. 

The purpose of the second experiment (Zubek, Flye, & Willows, 

1964) was to determine whether cutaneous effects, similar to those 

produced by darkness, could result from prol onged exposure to 000-

varying homogeneous illumination. The previous experiment, therefore, 

was repeated, but instead of being exposed to darkness, the subjects 

wore a pair of translucent goggles which permitted diffuse light but 

eliminated all pattern vision . The results revealed an essentially 

s i milar set of data , a finding which suggests that it is the absence 

of pattern vision or of changes in visual input rather than an absence 

of visual stimulation per se which is responsible for the increased 

cutaneous sensitivi ty. 

In the third study (Duda & Zubek , 1965), which invo l ved the 

resumption of the darkness condit·ion, two types of aud i tory measures 

were administered: auditory flutter fusion frequency, a task analogous 

to the CFF (interrupted white noise at a 0 . 90 on-off ratio), and the 
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absolute threshold of hearing for five frequencies (100 to 9,000 c.p.s . ). 

The res ul ts again revea l ed a signif i cant i mprovement on the auditory 

flutter fusion task with the after -effects persisting for oue day. All 

subjects but oue showed this effect. Surprisingly, however, the abso 

lute threshold of hearing was not affected, suggesting that facilitatory 

effects on some measures may only occur on tasks of a temporal dis crim

inatory nature. 

In the fourth experiment (Phelps & Zubek, 1969), a variety of 

other types of cutaneous and auditory measures were employed . Briefly. 

these indicated a significant increase in absolute pressure sensitivity 

of the finger, forearm, neck, and leg, with the after - effects, on 

certain skin areas, pers i sting for several days. However, performance 

on tactual and auditory localization (absolute and differential) was 

not affected. One possible explanation of these latter results is that 

vi sual deprivation may not affect tasks which are heavily dependent on 

practice and learning. 

The final experiment of this series was concerned wi th the de 

termination of olfactory and gustatory sensitivity (Schutte & Zubek, 

1967). A s i gnificant increase in o l factory sensitivity (recognition 

threshold for benzene) was observed. In addition, some evidence was 

obtained fo r the presence of an improvement in taste sensitivi ty . 

Sensitivity to NaGl (salty) and sucrose (sweet) was increased Signifi

cantly. with the after - effects persisting for one day. Sensitivity to 

HGl (sour) and quinine sulphate (bitter), on the other hand, was not 

affected significantly, although a marked trend toward improvement for 
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experiment indicated the presence of a significant facilitatory effect 

on both Day 3 and Day 7, thus confirming the findings of the earlier 

research . In addition , the increased sensitivity on Day 7 was signifi

cantly greater than that on Day 3. However, the question still remains 

as to why the results on the tactua l fusion task are not affected by 

repeated testing while those of the other three measures are. The 

authors suggest that the answer may partly lie in the differential 

nature of the four cutaneous measures -- the tactual fusion task 

involves a series of temporal discriminations whereas the other tasks 

are of a non- temporal or spatial nature. 

If, as has been hypothesized, the temporal discriminatory nature 

of the tactual f usion task is an i mportant variable in producing the 

progressive improvement in performance, one might expect a simi lar 

pattern of results on other analogous types of tasks, also involving 

temporal resolutions . e .g • • on auditory flutter fusion. This hypothesis 

was tested in a third exper i ment and confirmed . The results on a flut

ter fusion task again revealed a progressive improvement in performance 

as a funct i on of increasing duration of visual deprivation (Pangman & 

Zubek. 1972 ) . 

In conclusion, the results obtained at the Manitoba laboratory 

are important in two main respects. First. they indicate that the 

sensory deprivation technique can provide us wi th a powerful tool for 

the study of intersensory phenomena. a technique that is capable of 

demonstrating pronounced facilitatory effects and of a long-lasting 

nature . Furthermore. since the effects are shown by virtual l y all 
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sour was evident . Eleven of the 12 experimental subjects showed an 

increased sensitivity to sour, a proportion identical to that observed 

with salt and sucrose. 

Since the measurements in these Manitoba studies were confined 

exclus i vely to the "pr e - and post -" period, a second series of one-week 

experiments was conducted whose purpose was to investigate the temporal 

course of development of some of the facilitatory effects. In the 

first experiment (Milstein & Zubek, 1971), various cutaneous measures 

were taken from the forearm at periodic intervals during one week of 

visual deprivation . The results on a tactual fusion task revealed a 

progressive improvement in performance as a function of duration of 

deprivation. In contrast to this positive finding, no significant 

improvements were obtained, at any duration, on the two - point threshold 

and on pressure and pain sensitivity, although a trend toward increased 

sensit i vity on all three measures was observed after the third day. 

This absence of a facilitatory effect, especially at Day 7, is puzzling 

in view of the previous research in which positive results were 

obtained at the end of the one -week period. Since the main procedural 

difference was the introduction of numerous interpolated tests in the 

Milstein and Zubek study, the authors suggested that the repeated test 

ing of the same skin area may have introduced a confounding or "masking ll 

effect . 

This hypothesis was tested and confirmed in a second study 

(Zubek, Bross, & Gelfant, 1973) in which only one interpolated test (on 

Day 3) was administered during the one-week period. The results of this 



experimental subjects, a large sample is not required. Second, these 

results are of cons i der able theoretical importance s ince they provide 

strong experimental support for Schultz ' s (1965 ) sensoristatic theory . 
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In order to test further the generality of Schultz's mode l , two 

exper i ments were performed whose purpose was to determine whether a 

prolonged period of auditory deprivation can improve visua l performance, 

as measured by the CFF, a prediction that would fonow from the model. 

There are two main reasons for employing the CFF. First, i t is a 

reliable measure of temporal visual acuity which is onl y minimally 

affected by pract i ce and learning. Secondly. this measure , s i nce i t 

involves a series of temporal discriminations. is analogous to the 

previously employed tactual fus i on and auditor y flutter f usion tasks 

which have shown a progressive improvement in performance as a function 

of duration of visual deprivation . The use of such an anal ogous task. 

therefore, makes it eas i e r to ascertain whether a similar temporal 

pattern of CFF changes will occur during prolonged auditory 

deprivation . 



CHAPTER III 

EXPERIMENTAL METHOD AND RESULTS 

EXPERIMENT I 

The purpose of the first experiment was to determine whether 

one week of auditory deprivation can produce a significant improvement 

in visual performance, as measured by the CFF, and, i f positive 

results were obtained, to ascertain the approximate duration of the 

after-effects . 

Method 

Apparatus : Acoustical Chamber 

A double -unit soundproofed chamber (see Fig. 1) consisting of 

a test room (2 . 64 m x 3 . 25 m x 2 .44 m high) and an experimental room 

(3 . 05 m x 2.84 m x 1. 98 m high) was employed (MOdel l405 -ACT, Indust 

r i al Acoustics Corporation). Two such chambers were available . The 

test room used to measure the CFF was of single -wall construction, 

wh i le the adjoini ng experimental room (the s ubject rs livi ng quarters) 

consisted of a room within a room separated by a 10 cm air space, the 

floor of the inner room being floated on rubber-in- shear vibration 

isolator rai l s to assure the maximum elimination of structurally borne 

sounds. Additional character i stics of the experimental room are two, 

10 cm thick soundproofed doors, a silent ventilation system, and a 

sound reduc tion level of 81 db for frequenc i es> 600 cps . Finally, 

the double wall separating the two rooms contains a large glazed 

• 
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window, a two -way intercom system, and a small food compartment closed 

at both ends by a soundproofed door . 

Subjects 

The volunteers were 36 male university students who were randomly 

subdivided into an experimental, a confined control, and a non-confined 

control group. each containing 12 subjects. All subjects were paid for 

their participation in the study. 

The experimental subjects were required to live. individually, 

for a period of one week in the double-walled acoustical chamber which 

was furnished similar to a bed - s i tting room. It contained thick wall 

to -wall carpeting. two comfortable cloth chairs, a desk covered with 

felt, a bed, a chemical toilet, and some brightly colored pictures on 

the walls . The level of illumination in the room, produced by recessed 

lights in the ceiling, was 14 ft. candles, the measure being taken at 

desk height. The lights were extinguished between 11:30 p.m. and 8:00 

a.m . by means of an automatic time clock located in the adjoining test 

room. 

The subjects were permitted to move about the room quietly (in 

slippers) and to engage in reading and writing activities. Furthermore, 

to reduce the level of any sounds produced by these and other activit 

ies, a pair of air - cushioned ear plugs (Willson "sound silencer " , Mode l 

EP- 100) were worn during t heir waking hours. Any necessary communica 

tion between the subject and experimenter was carried out via written 

messages placed against the glass window or by placing them on a meal 

tray in the food compartment. A balanced diet on a fixed schedule was 



provided, and to minimize noise, plastic cutlery and paper cups and 

paper plates wer e used. Smoki ng was allowed at meal-times . No vocal 

activities such as singing or humming were permitted. 
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monitored by using an open- l ine intercom system terminating in a cen

tral contr ol room). At least one experimenter was on duty at all times 

to take car e of any needs of the subject and to provide spo t checks on 

his gener al behavior. 

The purpose of the confined group was to contro l for the 

possible effect, on the CFF, of a prolonged period of solitary confine 

ment in a relatively small chamber . These subjects were requ i red to 

live for one week in a similarly furnished ordinary room of approxim

atel y the same dimensions as the acoustical chamber . Furthermore, t hey 

were exposed to essentially the same cond itions as the experimental 

group . However, they wore no ear plugs, had access to both a radio and 

reading material, and were able to interact verbally with the experi

menters on duty . 

Both groups of s ubjects were requested to report to the labora

tory on the evening before the confinement period began . The purpose 

of this procedure was to acquaint them with the regulat i ons, provide a 

practice session on the CFF, and to ensure that all of the subjects 

received approximately the same amount of sleep prior to the start of 

the actual experiment on the following morning . 

The non-confined control group merely came to the laboratory at 

speci fied intervals during t he one -week period, i. e . , at the times 

corresponding to the t est sessions of the other two groups . However, 



they were free to leave and engage i n their normal daily activities 

in the intervening periods. 

Test Procedure 
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The CFF was taken at daily intervals during the one-week 

period and. subsequently. at intervals of 1, 2, 3, and 7 days after 

the termination of the experimental or control conditions . Each test 

session was preceded by 15 minutes of binocular dark adaptation and a 

meal, which included a sweet chocolate bar, the purpose of the latter 

being to control for the possible effect of changes in blood sugar 

level on the CFF. All measures were taken in the acoustical test 

room between 9:00 a.m. and 10:15 a .m., with each subject's testing 

time not varying by more than 5 minutes over successive days . The 

subjects were awake for at least 1 hour prior to the initiation of 

dark adaptation. 

The stimulus consisted of a white light, at an initial flicker 

frequency above fusion, which was presented monocularly by a cold 

cathode modulating lamp (Sylvania , type Rll3lc), mounted at the rear 

of a standard viewing chamber (Lafayette, Model l202C). The angle 

subtended by the centrally fixated stimulus was 20 10', a value assur 

ing full foveal stimulation . The flicker-generating apparatus 

(Grason-Stadler, MOdel E622) was set at a light -dark ratio of 0 . 50 

and a lamp current reading of 22.6 mAo (This scale reading represents 

a luminance of 1.60 log foot~mberts) . Eight trials were presented 

to the dominant eye of one -half of the subjects and to the non

dominant or weaker eye of the other half. The descending method of 
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limits was used, the subject ' s task being to report the first indica

tion of flicker. 

Results 

The results of Experiment I are summarized in Figure 2. It 

can be seen that the experimental subjects show a progressive improve 

ment in CFF performance as a function of increasing duration of 

auditory deprivation and , following its termination, a gradual decline 

towards the pre - experimental baseline . On the other hand, both 

control groups show no systematic changes in the CFF during the 

entire 14-day test period . An analysis of variance (mixed design 

for repeated measures, Myers, 1966) performed on the overall data (see 

Table 1) indicated a significant change over days, F (11, 363) : 9 . 62, 

p < .001, and a significant interaction effect, F (22, 363) = 12 . 76, 

p < .001. 

TABLE 1 

Summary of Analysis of Variance, Mixed Design 

- Source df Mean Square F p 

Between-S 

A 2 56.610 1.52 N.S . 

A x S 33 37.175 

Within- S 

B 11 1.034 9.62 <.001 

A x B 22 1.371 12.76 <.001 

SB x A 363 0.107 

Total 431 
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An examination of the individual performance of the 12 

experimental subjects revealed that the effect of auditory depriva

tion was quite uniform. All 12 subjects showed an increased CFF at 

the end of the 7-day period, the individual gains ranging from 0 . 62 

to 2 . 75 c.p.s . (mean gain ~ 1.78 c . p.s.). Furthermore, this 

superior performance was already evident by the end of the first day 

of auditory deprivation 9 of the 12 subjects showed an increased 

CFF, and the remainder, no change relative to Day O. Finally. an 

examination of the post -deprivation results revealed that 9 of the 

12 subjects still had not reached their individual baseline level 7 

days after the termination of the experimental condition, a finding 

which indicates that this visual phenomenon is of a "long - lasting 

nature and may persist for a period equal to the auditory deprivation 

duration. (A two-tailed t - test for correlated measures revealed that 

the difference of 0.27 c . p . s. between Day 0 and post-Day 7 was 

statistically significant; t = 2. 79, P < .02). 

In order to ascertain the specific nature of the functional 

relationship between the improvement in CFF performance and duration 

of auditory deprivation, the best fitting polynomial was determined . 

A weighted least square solution was used in calculating the regres

sion equations, with consideration being paid to the reliability of 

the data by weighting the mean score for each time period by the 

standard deviation of the scores (see Halasz, 1968). Both polynomials 

and the root mean square (RMS) error were obtained for orders 1 

through 10 , with the order polynomial having the smallest RMS error 
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being accepted as the best representation of the data . 

This analysis indicated that the third order polynomial was 

the curve of best fit (RMS = 0 .012), closely approximating the empir

ical results . A graphical plot of the two sets of functions is shown 

in Figure 3. 

EXPER 1}:IENT I I 

The purpose of Exper iment I I, in which the duration of audi 

tory deprivation was extended to 14 days, was to determine whether the 

CFF performance would continue to improve during the second week or 

whether it would begin to decline towards the baseline level, an 

effect which might occur as a result of the subject ' s adaptation to 

the novelty of the experimental condition. Furthermore, since the 

same condition will be employed, this experiment will also serve as 

a replication of the first . 

Method 

Because of the consistency of the results which were obtained 

in Experiment I and the lengthy duration of the deprivation condi

tion, only 6 experimental subjects were employed. Furthermore, no 

control groups were felt to be essential. Male university students 

were again used as subjects. The deprivation and testing procedures 

were identical to that of Experiment I, except that the subjects 

were exposed to a two-week rather than a one-week period of auditory 

deprivation and no follow -up measures were taken. 

Results 

Figure 4 summarizes the results of Experiment II. It can be 
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seen that the experimental subjects show a progressive increase in the 

CFF during the first 8 days of auditory deprivation, thus replicating 

the results of Experiment I. followed by an essentially asymptotic 

level of performance from Day 8 to Day 14. Furthermore. a consistent 

pattern of improvement was observed, with all 6 subjects showing an 

increased CPF on Day 1 and individual gains ranging from 1.37 to 2 . 50 

c .p . s. on Day 14 (mean gain = 2.10 c.p.s . ). 

A calculation of the best fitting polynomial again revealed that 

the third order polynomial was the curve of best fit (RMS : 0.021). 

closely approximating the empirical data points. The graphical plot 

of the empirical and theoretical functions is shown in Figure 5, 

Finally. since there is some evidence in the literature which 

suggests that the magnitude of certain sensory deprivation effects may 

be affected by what the subjects are told beforehand as to the 

expected duration of the experimental condition (see Zubek, Shephard 

& Milstein, 1970), a comparison was made of the mean increase in CFF 

present at the end of 7 days of the one -week experiment with that 

occurring at the end of 7 days of the 14-day experiment. The results 

showed that the absolute gains were almost identical (1.78 and 1.81 

c.p.s., respectively), a finding indicating that differential expect

ancy or set for a prescribed duration is not a confounding variable 

in the present results. 



CRAPrER IV 

DISCUSSION AND CONCLUSIONS 

This study represents the first attempt to determine whether 

intersensory facilitatory effects, similar to those resulting from 

vis~al deprivation, can be produced by a prolonged period of auditory 

deprivation or silence. This hypothesis was tested in two experiments 

and confirmed. 

The results of Experiment I demonstrated a progressive increase 

in CFF as a function of increasing duration of auditory deprivation, a 

facilitatory effect that was shown by all of the experimental subjects . 

Furthermore, since both the conf i ned and the non-conf ined control 

subjects showed no systematic changes in CFF performance at any test 

period, it would appear that solitary confinement per se is not a 

variable in producing the superior visual performance in the experi

mental group. The results of this first study also revealed that this 

enhancement phenomenon is of a long - lasting nature, persisting for 

many days after the termination of the experimental condition. 

This temporal pattern of results. it is important to note. is 

similar in nature to that which has been reported in several visual 

deprivation studies employing sensory measures analogous to the CFF. 

Milstein and Zubek (1971) and Pangman and Zubek (1972) reported a 

progressive increase in tactual fusion frequency and auditory flutter 

fusion frequency during a week of visual deprivation. Furthermore, 

this superior performance was present in all subjects of both studies. 
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In addition , these visually- produced cutaneous and auditory enhance 

ment effects were also found to be of a long-lasting nature (Duda & 

Zubek, 1965; Zubek, Fiye, & Aftanas, 1964). It would appear, there

fore, that when sensory measures of a temporal discriminatory nature 

are administered periodically during a week of either visual depriv

ation or auditory deprivation, a progressive improvement in perform

ance will occur . 

The results of Experiment II, in which the duration of silence 

was extended to 14 days, again revealed a progressive improvement in 

visual performance during the first week, thus confirming the results 

of Experiment I. This was followed by an asymptotic or plateau - like 

performance during the rema i nder of the experimental period. a finding 

which suggests that an eventual dissipation or decrement in the 

magnitude of the phenomenon. through adaptation to the novelty of the 

environment. may not occur . This. however, is only a hypothesis. 

It ' s confirmat i on must awai t future research. 

Since these two experiments have demonstrated a significant 

improvement in visual performance during auditory deprivation, the 

question ar i ses as to the possible physio l ogical mechanism which ~y 

underly this and other intersensory facilitatory effects reported in 

the deprivation literature. Several lines of evidence suggests that 

such effects are probably mediated by the brain- stem reticular acti

vating system (RAS). First, MOruzzi and }mgoun (1949) have demon

strated the existence of a non-specific sensory system in the reticu 

lar formation which receives afferent impulses from the various 
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sensory pathways and transmits these impulses diffusely to various 

regions of the cerebral cortex, including the primary sensory areas . 

Therefore, a mechanism for sensory interaction appears to be present . 

Second, superior performance can occur following electrical stimula

tion of the RAS. For example, Fuster (1958) has reported an improve

ment in visual discriminatory ability and a lowering of the tachisto

scopic recognition threshold in monkeys during stimulation of the 

brain stem reticular formation . Third, Chang (1952; 1969) has 

demonstrated that continuous retinal illumination can enhance the 

cortical response to electrical stimulation of the auditory system of 

cats. Furthermore, since this effect was only partially reduced by 

ablation of the visual corteK. he concluded that the reticular system 

was the logical mediator of this intersensory facilitatory effect. 

In view of these and other findings (e.g., Hernandez-Peon & 

Hogbarth, 1955) . Lindsley (1961) has suggested that the RAS may serve 

as a IIhomeostat ll or a regulator adjusting " input -output" relations. 

" Its changes and adjustments depend upon the ebb and flow of activity 

in the afferent or efferent systems and when these are restricted. 

compensatory adjustments are made" (p . 180). Subsequently. Weinberger 

and Lindsley (1964) reported that stimulus offset or cessation can 

elicit physiological arousal. and also that either an increase or a 

decrease in stimulation can change the adaptation level of the 

reticular formation. On the basis of this research. it would appear 

that the various types of deprivation- e l icited facilitatory effects 

probably fall in the category of compensatory adjustments mediated by 
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the RAS. 

Zuckerman (1969) has raised the question of whether there is a 

progression in the sites mediating these interaction effects from the 

RAS to higher cortical levels . Some recent physiological findings 

have provided evidence not only for such a progressive chain , but 

also demonstrated that it extends to the receptor level. 

The existence of multisensory convergence in cortical neurons 

was first reported by Jung, Kornhuber, and Fonseca (1963). Examining 

the responses to visual, acoustic, and vestibular stimulation in the 

visual cortex of cats, these investigators demonstrated the presence 

of bisensory as well as trisensory neurons. The responses of these 

neurons were found to fall into two general types : one specific and 

the other nonspecific (indicating RAS mediation). Convergence of 

visual and auditory input in the cortical cells of cats has also been 

reported by Bental, Dafny, and Feldman (1968), as well as by Spinelli, 

Starr, and Barrett (1968), the latter investigators being able to 

isolate single cortical neurons which responded specifically to audit

ory stimulation. Skrebitskii and Gapich (1967 - 68) also found that the 

spontaneous firing of single cells in the visual cortex of rabbits 

could be increased or decreased by acoustic stimulation. In most of 

the neurons studied, auditory stimulation had a depressing effect on 

the spontaneous firing rate. However, repeated presentation of the 

tonal stimuli extinguished this inhibitory effect . In addition, poly

sensory cells responding to auditory and visual stimulation have been 

found in the association cortex (Dubner , 1966) and the insular cortex 
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(Loe & Benevento, 1969) of cats. 

Polysensory units have also been observed in subcortical areas 

outside the reticular system . Thus, Kuman and Skrebitskii (1968 - 69) 

reported an auditory-visual interaction i n the lateral geniculate body 

(1GB) of rabbits. Recording from single cells, it was observed that 

the principal effect of snuod on flash evoked responses i n the LGB was 

to facilitate responses to visual stimulation . 

Spinelli and Weingarten (1966) have provided evidence that the 

chain of neuronal structures responsive to cross-modal st imulation 

reaches right back to the receptor level. Recording from centrifugal 

efferent fibers in the optic tract of the cat, they were able to 

ident i fy visual efferents which responded exclusive l y to sound and not 

to light. This finding is of some importance since it indicates that 

a mechanism exists whereby receptor activity in one sensory system can 

to a certain extent be modified by changes in stimulation in another 

modality via direct cortical control . 

From this accumulated evidence it would appear that intersensory 

phenomena are med i ated by central processes which schematically can be 

described as being organized into a three- stage loop system. The first 

loop would consist of information relayed to the RAS from the various 

receptor systems , the second of the projection of impulses from the 

RAS to nonspecific, polysensory cells in the cerebral cortex, and the 

t hird loop would involve the control of receptor activity by centri 

fugal efferents. This proposed three-loop neural system is undoubtedly 

incomplete since several other components are reciprocally connected to 



38 

theseprocesses, e .g., relay nuclei activity and motivational (arousal) 

factors . However, it does have the merit of being sufficiently gen

eral to accommodate not only the observed enhancement effects produced 

by sensory deprivation, but also the wide variety of intersensory 

phenomena reported in the accessory stimulation literature . 

Finally, a brief reference will be made to Schultz's (1965) 

sensoristatic model of the nervous system, a theoretical model which 

has been formulated specifically to deal with some of the effects of 

sensory deprivation. According to Schultz, sensoristasis is a drive 

condition, analogous to homeostaSis, in which the organism strives to 

maintain an optimal range of sensory variation, a range capable of 

shifting to some extent as a function of several variables, e .g . , 

level of stimulation, task difficulty, etc. Furthermore, the monitor 

serving to maintain the sensoristatic balance is assumed to be the 

RAS . One of the predictions which he derives from his theory is that 

when "stimulus variation is restricted, central regulation of thresh

old sensitivities will function to lower sensory thresholds . Thus, 

the organism becomes increasingly sensitized to stimulation in an 

attempt to restore the balance" (p. 32) . The demonstrat i on in this 

study that auditory deprivation can produce an improvement in visual 

performance, together with the earlier reports that visual depriva

tion can increase cutaneous, auditory, olfactory, and gustatory 

sensitivity, provides substantial experimental support for the 

sensoristatic model. 

In addition to being able to account for the previous depriva-
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tian effects. Schultz's theory has the merit of generating various 

testable hypotheses for future research. For example , it would pre

dict that auditory deprivation should also increase cutaneous, 

o l factory, and gustatory sensitivi ty. Furthermore, since the theory 

states that the crit i cal variable in producing cross -morlal sensory 

improvement is a reduction in stimulus variation, it would predict 

that not only silence but also constant, non- changing white noise 

should improve visual performance, for example. If confirmed , such 

a result would be consistent with the visual deprivation literature 

which has shown that both darkness and diffuse, homogeneous illumina

tion produce a significant increase in cutaneous sensitivity (Zubek , 

Flye, & Aftanas, 1964; Zubek, Flye, & Willows, 1964) , Future work 

along these lines would not only test various aspects of the sensor 

istatic theory but also help to clar i fy the nature of intersensory 

effects in general . 

In conclusion, an attempt wi ll be made to relate this research 

on experimentally produced "deafness ll to the literature on the resid

ual capacities of the deaf . Since auditory deprivation was found to 

improve visual performance in all subjects, one might expect that a 

similar compensatory effect would occur in the deaf . This, however, 

does not appear to be the case. What little empirical data is avail

able, is ambiguous in nature; some studies claim the presence of a 

compensatory effect while others fail to do so. While the reasons 

for these ambiguous results are not clear, three suggestions may be 

offered. First, the previous research on the deaf has employed visual 
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measures which are largely of a cognitive rather than a sensory nature. 

Since there is some evidence that organic (Myklebust, 1960) as well as 

functional deafness (Hebb, Heath, & Stuart, 1954) can produce cognitive 

impairments, it is conceivable that the use of relatively simple sens

ory measures, such as the visual flicker, may yield results which are 

more consistent with a compensatory theory. Second, there has been a 

failure in the past to make a distinction between the possible effects 

of conductive deafness and those of neural deafness. Conductive 

deafness refers to losses of hearing produced by conditions in the 

outer ear, middle ear, or Eustachian tubes (e . g., otitis or membrane 

perforation), a condition analogous to experimentally induced deaf

ness. Neural or perceptive deafness, on the other hand, refers to 

hearing problems produced by damage to the neural structure of the 

inner ear or the auditory nerve (e.g., presbycusis). Since in the 

latter form of deafness, related neural and physiological activities 

can also be adversely affected, compensatory adjustments are less 

likely to be evident in this than in the former types of deafness. 

Third, it is possible that a superior visual performance in 

the deaf may only be demonstrable shortly after their affliction when 

they are heavily dependent upon the use of vision in dealing with 

their environment. It may not be present later when they have learned 

to adjust to their deafness. 

In the light of this discussion, perhaps a "new look" at the 

centuries-old controversy over sensory compensation in both the deaf 

and the blind may be justified. The present study, in conjunction 



with the earlier research on visual deprivation, represents an 

important beginning in this direction . 
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PURPOSE OF EXPERIMENT AS DESCRIBED TO SUBJECTS 

"This is an experiment on the effect of a week of living alone 

in a silent environment on visual performance as measured by a 

flickering light. Furthermore, since no previous research of this 

type has been conducted, we have no idea as to what type of results 

we might obtain; vision might not change during the week or it might 

be better or worse. Theoretically, any of these results are 

possible. Regardless of the nature of the data obtained, they will 

represent an important contribution to the scientific literature." 

This information was conveyed to the subjects , by Dr. J. P. 

Zubek, at the time they volunteered for the experiment. 

CFF - INSTRUCTIONS 

liThe purpose of this test is to determine the resolving power 

of the eye, i.e . , keenness of vision. ~en the light appears in the 

viewer, it will be flickering at a frequency too high for the human 

eye to distinguish . The frequency will then be gradually decreased 

until at some point you will no longer see the light as a steady 

spot and it will start to flicker. Indicate by saying "now" as soon 

as you first see the flicker appearing . 

Are there any questions? 

Remember, this is a difficult task, so concentrate hard on 

what you are doing and follow the instructions exactly. Eight trials 

will be given to your ----- eye". 
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EXPERlliENT I 

Experimental Group: Mean CFF Scores 

Subject 
Durin 

No 0 1 2 3 4 5 6 7 

1 41 . 875 42.750 43.000 42.750 42 . 750 42.750 42.875 42 . 750 

2 42.375 42.875 43.125 43.250 43 . 625 43.750 43.625 44.500 

3 43.500 44.750 44. 625 45.000 45 . 125 45.875 45.625 45.625 

4 41. 250 41. 250 42 . 000 42.000 42 . 250 42.500 42.500 42.500 

5 42.87,5 43.125 43 . 625 43.625 43.500 43 . 500 43.500 44 . 000 

6 41.875 41.875 41.875 42.250 42 . 000 42.500 42.375 42 , 500 

7 40 , 125 40.125 41.375 41.375 42 . 375 42.500 43.125 43 , 125 

8 42 , 250 43.375 43.250 43.750 44 . 250 44.250 44.250 44.375 

9 44.000 44 . 750 45 . 125 45.625 45 . 375 45.500 45.875 46.125 

10 40 ,000 40.375 40.625 41.000 40 . 875 41.375 41. 500 41. 750 

11 42 , 750 42.875 43.125 43 . 625 43.875 43.750 43.875 44.250 

12 39.625 40 , 125 42 ,000 42.125 42 . 125 42.250 42.125 42.375 

1 2 

41.250 41. 750 

42.875 42.625 

44 . 125 44 . 000 

42.125 41. 500 

43.250 43.250 

41. 750 41.875 

42 . 375 42.125 

44.125 43 . 375 

45.500 45 . 375 

41.250 40 . 750 

43 . 375 43.250 

41. 500 41.000 

After 

3 

41.750 

42.375 

43.375 

41. 750 

43 . 125 

42.125 

41. 7 50 

43 . 125 

44.875 

41.125 

43.125 

40 . 750 

7 

42.000 

42.000 

43.625 

41. 625 

43.375 

41.875 

40 . 500 

42.750 

44,000 

40 . 625 

42.875 

40.500 

~ 
N 



EXPERll1ENT I 

Confined Control Group : Mean CFF Scores 

Sub j ect 
Dur ing 

No 0 1 2 3 4 5 6 7 

1 41. 125 40 . 250 40. 625 40 . 875 40 . 375 40 . 625 40 . 625 40. 750 

2 40 . 375 40. 750 40 . 625 40 . 125 40 . 250 40. 500 40 . 250 40 . 375 

3 42 . 750 42 . 875 42 . 875 42 . 500 42.625 42.500 42 . 875 43 . 375 

4 42 . 375 42.125 41. 625 42 . 500 41. 500 41.375 41.750 41. 500 

5 41. 125 41. 000 41. 625 41.000 41. 875 41.375 41. 250 41. 375 

6 41 . 875 42. 000 42 . 250 42 . 125 42 . 500 42 . 250 42 . 000 42.375 

7 44.000 44. 500 44 . 125 44 . 375 44. 750 44 . 750 44.625 44 . 625 

8 42 . 250 42.125 42. 250 42 . 125 41. 375 42 . 125 41.875 41. 87 5 

9 42 . 750 43 . 000 43 . 375 43 . 125 43 . 250 43 . 125 43 . 000 43.125 

10 44 . 250 44 .000 44 . 37 5 44.750 44 . 500 44 . 500 44 . 625 44 . 250 

11 38 . 625 38.500 38 . 250 38.500 38 . 500 38 . 500 38 . 625 38 . 500 

12 40 . 375 40 . 125 40 . 375 40 . 000 40 . 125 40 . 500 40 .625 40 . 500 

After 

1 2 3 

40 . 750 40 . 750 40 . 625 

40 . 250 40 . 125 40 . 500 

42 . 875 42. 875 42 . 500 

42 . 375 41.750 41.875 

41. 500 41.125 41.125 

42 . 375 42 .125 42 . 250 

44 . 750 44 . 500 44 . 500 

42 . 250 42 . 125 41. 625 

42 . 750 42 . 875 43 . 000 

44 . 375 44 . 000 44 . 000 

38 . 375 38 . 500 38 . 125 

40. 500 40. 500 40 . 375 

7 

40 . 750 

40. 500 

43. 125 

41.625 

41. 000 

42 . 375 

44 . 500 

42.000 

42 . 875 

44 . 375 

38 . 250 

40 . 625 

'" w 



EXPER IMENT I 

Non-Confined Control Group : Mean CFF Scores 

Subject 
During 

No 0 1 2 3 4 5 6 7 

1 40 . 250 40. 125 40 . 750 40 . 625 40 . 750 40.750 41.125 40 . 750 

2 40 . 000 39.625 38 . 500 39 .000 39 . 375 38 . 625 38.875 39 . 375 

3 41. 125 41.000 41. 250 40.875 40.500 39 . 500 40.500 39 . 750 

4 42 . 625 42 .000 41.875 42 . 500 41. 250 41.875 42 . 250 41. 500 

5 44 . 625 45. 250 45 . 125 44 . 250 45 .000 45.250 44 . 625 44.875 

6 41.750 41.625 41. 500 41.750 41.250 41. 750 41.375 41. 875 

7 40. 625 41.250 . 41.375 41.250 41. 250 41.250 40 .875 41. 500 

8 43 . 875 43 .000 42 . 875 43 .375 43 . 500 43. 125 43 . 250 43.875 

9 44 . 500 44 . 875 44.750 44 . 750 44.625 44 . 625 44 . 500 44.625 

10 43 . 250 43 . 250 43.125 43 . 125 43.250 43 . 625 43 . 250 43 . 375 

11 37.875 37 .875 38 . 000 38.000 37.750 37 .• 875 37 . 500 37 .500 

12 39 . 875 40 . 125 39 . 750 39 . 750 39.875 40 . 125 40 . 000 40 . 250 

After 

1 2 3 

40 . 750 40 . 750 41.000 

39 . 625 39.375 39.250 

40 . 500 40 . 500 40.875 

42.625 42.500 42 . 375 

44.750 44 . 875 44 . 625 

41. 750 41.875 41.875 

41. 000 41. 375 41. 625 

43 . 875 43 . 250 43 . 625 

44 . 625 44 .7 50 44.375 

43.250 43 .125 43 . 500 

37 . 625 37 . 750 38.000 

40 .250 40 .000 40 .000 

7 

40 . 625 

39 . 625 

41.000 

42 . 625 

45.000 

41. 750 

41.000 

43 . 625 

44 . 625 

43.250 

38.000 

40 . 250 

~ 

" 



Subject 
No 0 

1 44.000 

2 40 . 000 

3 42.250 

4 39 . 750 

5 43.500 

6 43.875 

8 

1 45.375 

2 42.500 

3 43.875 

4 41.000 

5 46.250 

6 46.250 

EXPERIMENT II 

l4 -Day Experimental Group: Mean CFF Scores 

1 2 3 4 5 

44 . 125 44 . 250 44.375 44.250 44.500 

40.875 41.125 41. 625 41.750 42.250 

43.250 43.250 43 . 500 43.500 43.625 

40.125 40 .375 40.500 40.625 40.500 

45.125 45.750 45.875 46 .000 46 . 125 

44.625 45 . 375 45 . 625 46.125 46.000 

9 10 11 12 13 

45.250 45 .250 45 . 500 46.125 46 .125 

42 . 375 42 . 500 42 .375 42.500 42.500 

43 . 875 44.125 44.000 43.875 44. 000 

41.250 41.125 41. 250 41.000 41.125 

46.125 46.250 46.125 46 . 000 46.125 

46.375 46 . 250 46.375 46.250 46.125 

6 

44. 750 

42 .125 

43 .750 

40 . 500 

46.125 

46.500 

14 

45.750 

42.500 

44 . 125 

41. 125 

46.375 

46.125 

7 

44 . 750 

42 . 250 

43 . 750 

40.500 

46 . 000 

47 . 000 

~ 
~ 
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