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CHAPTER I 

INTRCBUCTION AM) BACKGROUND 

The human organism, chiefly through his senses, mediates between inner 

needs and external reality (15, p. ̂ 7). Awareness of the external world of 

reality is obtained wholly through the sense organs, and is therefore limit-

ed. to those events which possess the kind and range of energy capable of 

stimulating each individual sense organ (28, p. 12). 

Vision, audition, taction, olfaction and gustation may he classified, 

according to Jfyklebust, into "close" and "distance'5 senses. Audition awl 

vision are termed the "distance" senses. Taction, olfaction and gustation 

refer to the "close" senses (15, p. 46), 

The distance senses serve as scanning devices and primarily orient the 

Individual to his environment. Ramsdale (18) refers to three psychological 

levels of hearing. Ihese are (1) the symbolic level, which is used for the 

comprehension of language; (2) the signal or warning level, in which hearing 

serves as a direct sign or signal of events, and most basically, (3) the 

primitive level. This primitive level is synoncmous with a background of 

feeling, which the psychologist calls an "affective tone.0 At this level, 

the human organism reacts to the changing background sounds of the world 

around him without being aware that he hears them. In this category of 

background sounds can be placed the noises of his environment which serve 

to keep him in touch with reality and in contact with the world about him. 

Ihese background sounds are not necessarily consciously ''heard," but have 

the potential of being drawn into the foreground at any iraaent. When a 



person focuses his attention an one of these 'background'' sounds , he is no 

longer hearing on the primitive level. As soon as he focuses upon the 

sound9 he is hearing at one of the other levels (18, p. 396). 

:nSae most distinctive feature of these background sounds," states 

Ramsdale (18, p. 397) "'.is that they are constantly changing because the 

world around us is in a state of constant activity." In addition, the 

individual himself is In a continual state of flux. Internal changes, 

growth and deterioration provide that a continued state of activity is 

always occurring within the individual. Itese two states of activity, the 

changes occurring in the environment and the changes occurring within the 

individual, are "coaled" by the primitive level of hearing. Hearing 

serves to keep the Individual alert to the changes whieh occur in his en-

vironment and in this sense functions as a background scanning sense 

(18, p. 398). 

Vision, according to ffyklebust, may be thought of primarily as a fore-

ground scanning sense. 

Vision is usually focused on an experience after it has 
been identified through hearing. In contrast, even while 
eating, viewing a painting, or tying one's shoes, audition 
continues to scan the background and to call attention to 
changes in the surrounding environment (15, p. 46). 

Vision is the oily sense which gives the organism concurrent information 

concerning space in any detail. Star example, when a person "sees" an ob-

ject, he can determine its relative size, shape and dimension by the one 

visual experience. Ifection, the mnaining primary spatial sense modality 

provide® only an© spatial aspect at a time. With vision, it is possible 

to analyze the parts of a visual experience and also to "see" the whole 

picture simultaneously. "..one simultaneous visual inpression gives us 



conplete infonriation regarding a scene Including the locations of objects, 

ri$it or left, up or down, near or away'* (24, p. 79). 

Although vision and audition provide the organism with different kinds 

of information, in man, hearing and vision take on a dual role in the func-

tion of scanning the environment. 

Harris (8, pp. 42-43) contends that the interaction of tearing and 

vision is based upon the neurological organization of the central nervous 

system. Both tearing and vision systems have very direct connections. As 

both traverse the midbrain s they are in close proximity, and both send 

fibers to the same motor nuclei of the brain stem. Not only do many visual 

and auditory paths end on the same rrotorneurons or intercalari.es there arc 

fibers from the lateral lemniscusan auditory path in the brain stem, which 

go directly to the superior or visual eollieulus. Harris summarizes the 

experimental studies of intersensory facilitation in the following: 

...if two sensory paths converge on a motor center, the reflex 
due to either may be altered in speed and in magnitude. Hie 
speed will not much exceed that of the faster path; the magnitude 
will depend upon the arrival times at the point of convergence 
<8, p. 47). 

Bie "close" senses develop earlier both phylogenetically and ontogene-

tically. Primitive man probably was more dependent an the close senses 

than modern man (15, p. 48). Biological investigations have revealed that 

the tactile seme was among the earliest of sense organs Involved (28, p. 16). 

OSactile sensations informed the organism about movement of parts, vibrations, 

and akin contacts. The primary object of the tactile sense was for the 

organism to "feel" his way in M s environment. 

Clinical evidence (15, p. 49) has supported the view that severe emo-

tional disturbances, both in children and adults, occasionally result in 



the functional relinquishment of hearing-; or vision. Distance sense per-

formance is then frustrated and the individual regresses to an earlier 

form of sensory functioning so that he canes to rely upon taction or olfac-

tion to supply the sensory information he will accept. 

A conparison of the distance senses, hearing and vision, reveal a 

number of differences. Vision is directional, focusing Immediately on the 

visual target. Hearing is by comparison, multidirectional. Audition, is 

persistent whereas vision is not. The auditory receptors continue to scan 

twenty-four hours a day while the organism is both asleep and awake. Hie 

organism may net be consciously aware of Ms auditory sense at all times 

but it (audition) continues to operate, at least on the primitive level, 

continuously. Vision is directed toward that which is to the foreground 

of attention. Audition continues to scan the background to detect changes 

in the environment. Hie background function of audition can be demonstrated. 

When listening intently to what is being said, the individual raust actively 

Inhibit the visual sense to force audition into the foreground. 

Another comparison can be made between vision and audition in that 

vision can be thought of primarily as a spatial sense and audition a tem-

poral sense (15, p. M6). Vision is associated with space perception. 

Vision gives the organism information concerning the distance, dimension, 

size and shape of his environment. Vision furnishes the organism with 

information concerning motion and movement in his environment. Audition 

provides a time sense giving the organism sequential information about his 

environment. Distance perception is also provided through the auditory 

sense. 

According to Myklebust (15, p. *17) a hierarchy of sensory organization 



exists for the human organism. Ihe individual uses his senses to maintain 

reality contact with his envircranent. Vision and audition serve to scan 

the environment and taction., olfaction and gustation help him to explore 

in more detail. 

When one of the sensory avenues is blocked, the organism must rely on 

his remaining sensorium to maintain equilibrium in his environment (10, 

p. 17, 16s p. 118). When a sensory laodality such as vision is lacking, 

the human organism must utilise the remaining senses to function. Hearing, 

then, takes on the function of the remaining scanning sense. The blind 

child must use audition as the lead sense with taction} olfaction and gus-

tation as supplementary semes. 

Tne deaf child, according to IVftrklebust'3 theory, organizes his sensory 

modalities around vision. THUS, the visual, tactile, olfactory and gusta-

tory senses develop differently than in the hearing child (15, p. 49). 

Tne deaf child's basic contact sense is vision. He maintains equilibrium 

and adjusts to his environment through his sensory modalities organized 

around vision. Hie deaf child learns to use visual cues which to the 

hearing child would be irrelevant. 

Same experimental evidence supports this hypothesis. Blair (3) con-

ducted a study in which he used the Knox Cube Test , Memory for Designs 

Iteat and the Object Location Test. His subjects included deaf and hearing 

children matched for age, sex and intelligence. He found that the deaf 

subjects' performances were superior to those of the hearing subjects. 

Ihe raean scores for the deaf cat the Knox Cube Test were 7 .83, with a stan-

dard deviation of 1.39. Mean scores for the hearing subjects were 7*30, 

with a standard deviation of 1.89. Hie deaf subjects were superior to the 



hearing controls at the .05 level of confidence. 

Blair concluded from M s study that the superiority of the deaf sub-

jects could be conceived as being a result of a psychological compensatory 

phenomenon by which the deaf child becomes visually organized in specific 

ways in order to meet environmental demands (3, p. 21). Blair defines 

sensory conpensation as the ability of the intact senses to take over the 

function of the missing sense. Blair further concluded from his study 

that a deficiency in one of the senses resulted in an increased ability 

in one or several of the other senses. 

The assumption that the intact senses functioned more effectively in 

the presence of a sensory deficiency did not hold true in an experimental 

study by Jfyklebust and Brutten (16). Ihey found in studying visual percep-

tion in deaf children that a visual perceptual impairment accompanied the 

subjects studied. They concluded that "in their dally lives (deaf children) 

experience difficulties in (visual) perceptual situations which demand the 

integration of discrete and continuous elements into meaningful configura-

tions" (16, p. 116). 

Although a visual perceptual inpairment may exist and be continuous 

with deafness, %klebust suggests that visual perception in deaf children 

may vary in. quality aid nature from visual perception In the hearing child. 

IMs hypothetical construct may serve to explain the superiority of deaf 

children in performance of certain visual memory tasks, as reported by 

recent investigation (3). Myklebust (15, p. 28) states that "because 

alerting mechanisms and perceptual organizations are different „ specific 

memory functions may be superior as conpared to those with normal sensory 

capacities." This idea is supported by studies of the blind in that blind 



children have demonstrated superiority over seeing children on auditory 

digit span ability (15, p. 79). 

A possible method of testing the hypothesis of sensory condensation 

would be to experimentally induce a deafness-like state in a control group 

of hearing subjects and measure their performance on a given task. Inhe-

rent in this design are some major difficulties. Ccsngenltally deaf 

individuals begin life without hearing arid hence learn to adapt and adjust 

to the absence of the hearing seme. 

Jh order to simulate a deafhess-llke state, two possibilities present 

themselves. In one of these ways, the sensory avenue would be blocked 

coipletely, inhibiting all auditory sensory input. This is the situation 

which exists in deafness. However, it is not experimentally feasible to 

block hearing to a level which exists in deafness. Subjects with their 

external ears occluded would still possess more hearing than congenltally 

deaf individuals. 

The second possibility is to mask hearing so that the individual could 

not use his auditory modality effectively. Most so-called sensory depriva-

tion studies utilize this method in simulating a deafness-like state, This 

method has been termed nonpatterning (23). 

Manipulating an individual's sound environment so that he suddenly 

can not use his hearing effectively might produce a disorienting effect in 

his adjustment. So-called sensory deprivation has been induced experimen-

tally in psychological studies dealing with the effects of deprivation upon 

cognitive and perceptual abilities. Soloroan et al. (23) reported seme 

studies in which a white noise was used to mask auditory sensory input. 

Subjects in the experimental situation displayed marked perceptual 
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aberrations in the form of auditory halluciations. 3h addition, reduced 

cogjiitive abilities were noted in the subjects In the experimental situa-

tion. 

Broadbent (5) investigated the effects of a masking noise on the per-

formance of an arithmetic task. He divided his subjects into three experi-

mental groups, Group A, the control group, completed the task in a quiet 

situation. Group B was presented the task under two experimental condi-

tions: the first in the presence of 100 <3B (re: 0.0002 dynes/cm^) white 

masking noise s and the second condition consisted of the task being com-

pleted ir, quiet. Group C was presented the task first in the presence of 

the quiet condition and secondly in the presence of the 100 dB masking 

noise. Results of this experiment indicated that the subjects working in 

the noise condition performed inferiorly to the subjects working in the 

quiet condition. Reversing the order of the noise also influenced per-

formance. Uiose subjects receiving the noise condition first performed 

more poorly than either of the other groups s indicating a carryover effect 

of the noise condition. 

Samuels (20, p. 267) hypothesized that performance on a task which 

involved a shift of attention between spatially separated sources would be 

lower under noise conditions than one which involved no such shift. Re-

sults indicated that the liypothesis was not supported; rather the results 

showed that the subject's performance on the shift of attention task was 

better under noise than under quiet. The noise level was 80 dB of white 

noise. Visual signal detection was considered superior when noise was 

presented simultaneously with the observation intervals to trials with no 

noise presentation, in a study by Watkins (26). 



Parte and Payne (IT) investigated the effects of noise on subject's 

ability to do arithmetic problems. Twenty subjects worked division pro-

blems for twenty minutes in the presence of 98-108 dB of white noise while 

twenty subjects of conparable mean ability in arithmetic worked the pro-

blems under conditions of room noise. Findings indicated that intense 

noise produced no effect on mean number of problems correctly solved. 

Variability of performance was significantly greater with easy problems 

under intense noise conditions than under room-noise conditions, although 

there was no difference with difficult problems. 

Hue experimental evidence on the effects of noise on visual tasks is 

contradictory, althou$i the majority of evidence tends to Imply that super-

ior performance on visual tasks acconopani.es presentation of masking noise. 

Experimental studies to date have not compared performance of deaf child-

ren with hearing children whose tearing was masked by noise. Masking 

noise might have a different effect on individuals already displaying per-

ceptual aberration from that on individuals with normal perceptual func-

tioning. Would there be any differences in sensory adaptability among 

mentally retarded, brain-injured and "normal" individuals? 

Ihe Brain-Injured Child 

Ihe brain-injured child, though he nay demonstrate normal visual and 

hearing acuity, frequently displays visual and/or auditory perceptual 

aberrations. Many investigations as well as clinical evidence have clearly 

indicated that disturbed perceptual or perceptual-motor functioning fre-

quently accorrparded central nervous system damage (24, 1, 14). 

In an investigation, Dolphin and Cruickshank (6) compared cerebral 
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palsied children and matched normal controls in a tactual-jnotor test . The 

subjects felt a smooth wooden block with figures of a square, a triangle 

and an oval In relief. The second test figures were rubber hemispherical 

tacks raised on a ground of thumbtacks. The subj ects were asked to draw 

what they had felt. The results Indicated that more correct figures were 

drawn by the normal group. 

Williams et al. (27) used the Block Design Botatlon test to investi-

gate visual perception. His subjects consisted of two groups of cerebral 

palsied individuals and two groups of normal individuals. Hie subjects 

reproduced a blue and yellow block design, cms inch square, on a white 

card six inches square. Two groups, one normal and one brain-injured, wore . 

special goggles with the lenses covered except for a tiny opening through 

which the figure was exposed. The results indicated that the brain-

injured subjects without the special goggles (field reducer) rotated their 

reproductions raost on their Imaginary axes. Reducing the visual field 

caused more rotation in the designs of the normals, who seemed to rely on 

baokgmaid and peripheral cues for correct orientation. There was less 

rotation in the corresponding brain-injured group, vdio seemed to be aided 

rather than hindered by having their peripheral vision masked. 

Lowe and Canpbell (H) investigated the ability of eight normal and 

eight aphasoid children to perform taste involving judgements of succession 

and order, Ihe succession task consisted of presenting the subjects with 

two 15-insec 1000 cps pulse® at 50 dB re; threshold. Ihe tin® between the 

audiometrlc pulses was varied for each subject to determine the minimum 

time separation needed to perceive the pulses at 50 dB re: threshold the 

tin® between the audiometrlc pulses was varied for each subject to detemlne 



11 

the ndjiiraum time separation needed to perceive the pulses as successive. 

The ordering task consisted of presenting each subject with two tones of 

differing frequencies. As in the first task, the tin® between tonal pre-

sentations was varied to determine the irlnirrum time separation necessary 

for the subjects to place the pulses in their proper order of pitch. Ihe 

results indicated that for the succession task no differences were found 

between the normal and aphasold children. A significant difference was 

found between the two groups on the order task. 

Various other investigators (19, 13, 21, 9, 4) have found that per-

ceptual aberrations often accompany central nervous system damage. Per-

ception can be defined as the interpretation by the brain of the sensory 

input. McDonald and Chance describe the perceptual process in terms of 

the sensory receptors: 

..the receptors respond to appropriate stimuli by trans-
mitting sensory impulses to the brain. Hiese impulses give 
rise to sensation. Hie organism is aware of the presence of 
a stimulus and, since each receptor responds only to a specific 
type of stimulus, the organism can identify the type of stimu-
lus present. A higher-level process, discriminations enables 
the organism to respond to differences between stimuli-arousing 
sensations in the sane sensory modality. A still higher mental 
process, perception, is the means by which the organism gives 
meaning and significance to sensation (12, p. 57). 

McDonald and Chance further state that perception is associated with each 

modality. However, rarely does the organism receive an isolated stimulus 

which impinges on only one modality. Even at a task of listening to the 

radio where the predominant modality is auditory, the other senses are 

feeding infonaation to the brain concerning room temperature, clothing, 

odors in the air and countless other sensory Impressions from the other 

senses. 
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Solley and Muirphy (223 p. 32) identify two aspects or facets of per-

ception, as a process and m a product. 

As a process, perception Is Inferred under certain 
conditions and not under others, A fairly universal re-
quirement is that a physical stimulus be present—although 
stimulation alone is not sufficient for perception. 

As a process, perception can best be conceptualized as 
an instrumental aet which structures stiraulatlon. As an act, 
it can be analyzed into stages, such as a preparatory stage, 
..a sensory reception stage, a trlal-and-check stage, and a 
final structuring stage. These stages do not exist as iso-
lated units but merge and Intertwine in the process. 

Hag brain-damaged child frequently experiences difficulty responding 

selectively to a mass of stimuli. Often, he is unable to separate the 

figure from the background. In addition he sometimes becomes confused by 

the large nurrfoer of stimuli present and often seas© to be responding to 

many stimuli simultaneously (1» p. 59). 

While perceptual aberration in the brain-damaged population has been 

clearly indicated in investigations and clinical evaluations, the exact 

nature of the underlying mechanism of processes that result in the dis-

turbed performance has not been clearly defined. 

Birch (1, p. 59) reviewed the literature on sensory development in 

normal children. He concluded from the studies that the elaboration of 

inter-sensory relations represented a set of developmental functions show-

ing age-specific characteristics and markedly regular curves of growth. 

In the brain-injixred child, Birch posits, the emergence of such relation-

ships appears to be at the very least, delayed. This factor may seriously 

inhibit the possibility for normal integration of environmental informa-

tion. l/tien such a primary defect Is present, the opportunities for 

developing bizarre Integrations may be enhanced. 



13 

1 %klebust describes sane behavioral characteristics of disturbed per-

ceptual functioning In the brain-injured child: 

Brain injury causes the organism to behave differently in 
general aid thresholds of responsiveness vary greatly, not pri-
marily because of the organism's Inability to relate and inte-
grate experlentially. To us® hearing consistently assumes 
ability to integrate and to shift attention selectively in a 
sustained manner. The brain-injured child does not use his 
hearing to systematically scan, and to keep in touch with his 
environment (14, p, 162). 

Birch and Belmont (2) compared eighty-eight cerebral palsied children 

with a normal control group of two hundred and twenty children on ability 

to inter-relate auditory and visual stimuli (matching dot patterns with 

tapping patterns). The cerebral palsied subjects did markedly poorer on 

the task than the normal controls. The authors concluded that the differ-

ence in performance between the cerebral palsied subjects and the normal 

subjects was not a function of mental age or intelligence quotient. They 

hypothesized that the difference was due to a primary Integrative defect 

of the cerebral palsied subjects. 

The investigations reported earlier In Chapter I indicate that per-

ceptual disorders often appear as a concomitant to brain injury. However, 

underlying mechanisms of perceptual dysfunction are not fully understood. 

Given such aberrant functioning as a fact, we have, as 
yet, little understanding of the nature of the underlying 
mechanisms or processes that result In the disturbed perfor-
mances. Findings suggest that perception cannot be viewed as 
a single process and that a greater understanding of mechanisms 
underlying perceptual changes acconpaning central nervous system 
damage requires a more detailed analysis of the perceptual 
phenomena themselves (1). 
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Definition of Terms 

Background Noise: Refers to environmental noises present in the back-

ground upon which the attention of a given individual is not focused 

at ar*y particular moment. 

Functional: Refers to a condition in which certain synptoms are present 

but without apparent physical cause or structural deviation. 

Masking Noise - Clinical Noise: A noise sufficiently loud to affect the 

ability of the ear to hear another sound. If a group of nerve fibers 

is vigorously stimulated by a given sound, that group cannot function 

effectively to convey other impulses to the brain (7, p. 70). In the 

present study, noise at the level of 97 dB re: 0.0002 dynes per square 

centimeter was used. The noise can be described as white noise, which 

contains all of the audible frequencies with equal energy per cycle. 

Psychogenic: A disorder without clearly defined physical cause or known 

structural change in the brain (25, p. 115). Psychogenic is similar 

in meaning to functional. A difference lies in the fact that in this 

study, psychogenic refers primarily to a disorder and functional to 

symptoms of a disorder. 

Psychologic; Refers to any condition in the psychological makeup of an 

individual which would cause mental retardation. Examples of this 

would include emotional disorders 5 lack of stimulation, personality 

deviations and environmental deprivation. 
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Statement of the Problem 

In deafness , the Individual Is denied the use of the auditory modal-

ity. M s denial is equally true for all facets of hearing as described 

by Ramsdale: the symbolic level, which is used for the conprehenslon of 

language, the signal or warning level, in which hearing serves as a direct 

sign or signal of events, and most basically, the primitive level. This 

primitive level is synancsnous with a background of feeling which the psy-

chologist calls the "affective" tone (18). The deaf individual must ad-

just to hie environment without this basic contact sense. tfyklebust 

(15, p. 47), in studying the effects of deaflness, posits that deaf child-

ren reorganize their sensorium around vision. For them, vision serves as 

a lead sense, with taction, olfaction and gustation serving as secondary 

senses. This theory has been used to explain why deaf children tend to 

demonstrate superior performance over hearing children on tasks such as 

the Knox Cube Test. 

If a condition such as exists In deafness could be duplicated experi-

mentally In hearing children, a basis might be found to test Fyklebust' s 

theory. Since it is experimentally unfeasible to restrict all auditory 

input as is the case in deafness, an alternative would be to provide cli-

nical noise of sufficient intensity to mask the hearing of the experimental 

subject so that he would not be able to utilize his hearing to provide 

auditory clues about his environrnent. Given this condition, the subject 

would not be able to use auditory signals at any of the three psychological 

levels of hearing. 'Would the hearing subject under this condition of audi-

tory masking respond in a way similar to the deaf child? 

Deaf children have been found to perform better on certain visual 
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memory tasks than matched hearing controls. One of these tests, reported 

earlier in this chapter, the Knox Cube Test, has been used in measuring 

intellectual functioning In the deaf child. 

®ie Cube Test was designed by Howard Knox and used in a battery 

of performance tests in 1916, to evaluate the intelligence of inmigrants 

on Ellis Islands New York. Since that time the Kiiox Cube Test has been 

modified and included to the Grace Arthur Point Scale of Performance. 

The test materials consist of four blocks, one cubic inch in size. 

The blocks are placed in front of the subject. Two pencils with erasers 

are available. The examiner taps out a series of patterns with one pen-

cil eraser. The task requires the subject to reproduce the tapping pattern. 

The blocks are tapped at the rate of one per second. The patterns become 

progressively more difficult. The test is terminated when the subject 

falls to reproduce any two consecutive patterns. 

Since deaf children tend to perfom superiorly on this test, the 

questions arise: would a masking noise significantly affect the perfbm-

anoe of hearing children? Additionally, would different groups of hearing: 

children, such as brain-injured, mentally retarded9 and children of normal 

intelligence demonstrate any differences in performance of the task under 

masking conditions from their performance of such a task under normal 

testing conditions? 

Specifically, two questions can be posed for study: 

1. Will the effect of auditory masking provided by a clinical noise sig-

nificantly affect the performance of hearing children on the Knox Cube Test? 

2. Are there slgjiificant differences among brain-injured, mentally retarded, 

and "normal" children in ability to adjust to auditory masking in the per-

formance of the Knox Cube Test? 
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CHAHER II 

SUBJECTS AND PROCEDURES 

Subjects 

Twenty subjects in each of three different groups ware selected for 

the experiment. Hie subjects were grouped as follows; 1) brain-Injured 

mentally retarded children, 2) non-brain-injured1 mentally retarded child-

ren, and 3) structurally intact children of normal intelligence. 

The subjects were selected from the population of the Denton State 

School for the Mentally Retarded and from the St. Luke School, of Irving, 

Texas. 

All subjects had hearing within normal limits as measured by an 

individual pure-torn screening test at 20 dB on a Beltone IkA audiometer, 

using the 1964 ISO threshold criteria. 

The brain-injured group contained ten boys and ten girls with a total 

of twenty subjects. The subjects in this group ranged in chronological 

age from eight years nine months, to nineteen years three months for the 

girls, and from nine years five months, to fourteen years for the boys. 

The mean chronological age of the group was 13.21 years with a standard 

deviation of 2.61 years. 

^Tne absence of a neurological diagnosis of cerebral dysfunction does 
not preclude the possibility of subclinical brain-Injury. However, in 
order to obtain a population of non-brain-injured mentally retarded sub-
jects, selection was trade on the basis of medical and psychological opinion 
that mental retardation was not due to or complicated by brain-injury. 
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Hie mental ages in the brain-injured group ranged from six years one 

month, to twelve years three months for the girls, and from six years 

three months, to nine years eight months for the boys. The mean mental 

age for the group was 8.16 years with a standard deviation of 2.0 years. 

The brain-injured group was selected on the basis of a neurological 

diagnosis of cerebral injury. Hie diagnoses are categorized and based 

upon Beber's classification system (2). The classification system is an 

attenpt to standardize the terminology in diagnosing mental retardation. 

Because of the generalness of the term brain-injury, further defini-

tion of this term is offered in the following elaboration of the classi-

fication of brain-injury for each of the subjects contained in the brain-

injured experimental group (2). 

1. Three subjects were diagnosed as epileptic. 

2. Seven subjects were diagnosed as brain-injured on the basis of present-

ing syrrptoms, where the etiology is unknown or uncertain but Is preswned 

to be of either a hereditary or familial nature.1 The syirptoms or struc-

tural reactions in this category may be degenerative, infiltrative, infla-

mmatory, proliferative, sclerotic or reparative. 

3. One subject » s diagnosed on the basis of encephalopathy, or cerebral 

dysfunction due to metabolic disorders, abnormal growths, or nutritional 

disorders. 

1The major distinction between hereditary and familial is that here-
ditary pertains to physical transmission via the genes, of a particular 
disease or condition, and familial pertains to a predisposition toward 
or commonness to the same family, referring to a particular disease or 
condition. Taken from Clarence W. Taber, Taber's Cyclopedic Medical 
Dictionary, Philadelphia, I960. ~ ~~ ^ 
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TABLE I 

QiHCNOLOGICAL AM) MENTAL AGES OP THE KAIN-B3JIMD 
MENTAILY RETARDED SUBJECTS 

N-20 

Boys* N-10 Girls i N~10 

CA MA CA 
L -

MA 

W H ~ST3 : " T X 
10.2 6.10 11.10 6.3 
12 6.10 11.10 6.6 
9-5 1.6 11.9 7.6 

10.10 7.6 13-5 7.10 
14 7.6 15-5 8.7 
13.2 7.10 16.5 10.10 
12.5 7.10 19.3 11.4 
12.4 9.5 17.5 12.3 
13.T 9.8 15.10 12.3 
Chronological Age Mental Age 

M-1372I * ~~ 
SD~ 2.61 SD-2.00 

Group two consisted of ten mentally retarded girls and ten mentally 

retarded boys. The subjects in this group were diagnosed as mentally re-

tarded on the basis of psychological or psychogenic factors. The diag-

noses are categorized and based upon Heber's classification system (2). 

In the category from which this group was chosen, diagnosis was based 

upon "mental retardation due to uncertain (presumed psychologic) causes 

with the functional reaction alone manifesti; (2). This diagnosis of func-

tional mental retardation was made in the absence of any clinical or case 

history information which would indicate organic disease or pathology which 

could reasonably account for the retarded intellectual functioning. Cases 

in this category are specified in terms of psychogenic and psychosocial 

factors which appear to bear seme etiological relationship with the retar-

dation in functioning. 
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TABLE II 

CHBONCIjOGICMj AND JffiMEAL AGES OF THE NON-BMBKLNOTBED 
MENTALLY RETARDED SUBJECTS 

N-20 

Boys N-10 Girls N-10 

CA MA CA MA 

14.1 I 11,0 17.1 10.2 
13.5 10.10 17.6 10.0 
14.7 8.11 17.1 9.8 
12.6 8.7 15.9 8.5 
13.6 8.5 15.10 7-8 
11.10 7.6 15.7 7.8 
13.1 1 7.6 12.8 7.8 
10.3 : 7.3 13.3 6.8 
12.10 i 7.1 10.3 6.8 
9.9 6.3 8.9 4.0 

Chronological Age Mental Age 

14-13-44 
SD- 2.46 

M-8,09 
SD-1.57 

Subjects In this group ranged in chronological age from nine years 
| 

nine months, to fourteen years seven months for the boys, and eigfrt years 
I 

nine months, to J seventeen years for the girls. The mean chronological age 

was 13.44 years, with a standard deviation of 2.46. 
I 

The subjects in group three, structurally intact children of normal 

intelligence, consisted of ten girls and ten boys, with a total group of 

twenty subjects. The chronological ages for this group ranged from six 
I 

years nine months to nine years nine months for the boys, and from six 
years ten months, to eight years eleven months for the girls.. Hie mean 

i 

chronological was 7.61 years, with a standard deviation of 1.02 years. 

Hie mental age for ©roup three ranged from six years six months, to 

eleven years nine months for the boys, and from six years six months, to 

ten years eight months for the girls. The roan mental age for group three 
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was 8,08 years, with a standard deviation of 1.72 years. 

Hie subjects in the third group were selected from the population of 

the St, Luke School of Irving, Texas. These subjects were selected so as 

to yield a mean mental age comparable to the mean mental age of the men-

tally retarded brain-injured and the mentally retarded non-brain-injured 

groups. All the subjects in group three were of at least noraal intelli-

gence and three of the subjects demonstrated mental ages two years above 

their chronological ages as measured by the Peabody Picture Vocabulary 

Test and teacher estimates. 

TABUS III 

CHfOCEDQGICAL AND MMPAL AGES OP HUE NORMAL SUBJECTS 

N-20 

Boys N-10 Girls N-10 

CA MA CA MA 

6.9 6.6 6.10 6.6 
7.9 6.8 7.3 6.10 
6.10 6.10 7.3 6.10 
6.11 7.1 7.4 7.1 
7.9 7.10 7-5 7.3 
7.11 7.10 8. 7.6 
9.2 , 8.9 8. 8.7 
6.10 10.0 8.11 9.5 
9.9 10. k 8.7 9-8 
8.11 11.9 8.5 10.8 

Chronological Age Mental Age 

M-7.61 M~8.08 
SD-1.02 SD-1.72 

A simple analysis of variance indicated no statistically significant 

differences among the mental ages for the three groups in the experiment. 
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There were also no statistically significant differences between the 

chronological ages of group I, brain-injured mentally retarded subjects > 

arid group U s non-brain-iry*ured mentally retarded subjects. 

TABLE I? 

SIMPLE ANALYSIS OP VARIANCE FOR THE MEAN MENTAL AGES 
OP THE 1KREE GROUPS 

Source 

Between 
Within 
Total 

Sum 
Squares 

.0860 
189.4158 
189.5018 

Degrees of 
Freedom 

2. 
57. 
59. 

Variance 
Estimate 

.0430 
3.3230 

P 

Level 

.0129* 

* Not statistically significant 

TABLE V 

t TEST OP SIGNIFICANCE FOR THE MEAN CHRONOLOGICAL AGES 
' OP GROUP I, ERADMNJURED MENTALLY RETARDED SUBJECTS 

AND GROUP II, M-BRAIN-mrilRED 
fffiMTALLY RETARDED SUBJECTS 

Group I 

N-20 
Mean 

13.21 

SD 

2.61 

Group II 

N-20 
Mean 

13.44 

SD 

2.46 -.3233* 

* Not statistically significant 

Procedures 

In order to test the hypothesis of sensory compensation in the absence 

of one sensory avenue, specifically the auditory avenue, an experiment was 

devised whereby subjects could be deprived of their ability to effectively 

utilize their hearing modality. The means of doing this was to present a 
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clinical noise of sufficient loudness to mask out all background noise. 

White noise, which contains all of the audible frequencies with equal 

sound energy per cycle, was selected. In a preliminary tests the Inten-

sity 97 dB, ASA3 195^, re: 0.0002 dynes per square centimeter at a dis-

tance of 36 Inches from the level of the ears, was sufficient to mask out 

all background noise. Hie masking noise was recorded with a Wbllensak 

magnetic tape recorder, model number T--15Q0 and its intensity measured by 

a Brttel and KJaer type 2203, precision sound level meter. Ninety-seven 

dB re: 0.0002 dynes per square centimeter was measured 36 inches from the 

speaker of the tape recorder en the C scale of the Brtiel and Kjaer instru-

ment using a type 4132 Brtiel and KJaer condenser microphone. 

®je Kt10x Test of the Grace Arthur Point Performance Scale was 

selected as the experimental task to test sensory compensation. The test 

was administered under two experimental conditions. In one condition, 

the task was administered in the presence of the masking noise 3 and in the 

second condition, the task was administered without the masking noise. 

To control the factor of learning influencing the performance on the 

second administration of the Knox Cube Test, the groups were divided into 

two sub-groups. Half of the subjects were presented the noise condition 

first (condition A), and the non-noise condition second. The remainder 

of the subjects in each group received condition B (non-noise condition 

first, noise condition second). 

The Grace Arthur Point Performance Scale manual recommends that the 

Knox Test, being unfamiliar to the subjects, be administered twice and an 

average score obtained. Therefore, the Knox Test was administered, in the 

present study, two times wider the two experimental conditions for a total 
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of four administrations. Because of the redundancy of this procedure and 

the likelihood, of boredom on the part of the subjects, an intervening task 

was utilized. 

Peabody Picture Vocabulary. Test was selected because it provided 

a ream by which the tasks of the experiment could be varied and provide 

the dividend of a mental age score for each subject. Since the Peabody 

Plcture Vocabulary Test does not require that the subject be able to speak 

or write, it was well-adapted to this design. 

®ie Itest is proportedly a test of immediate Manory for visual 

movements (1, p. 193). Since the task requires that the subject Imitate 

the pattern tapped by the examiner, visual-flotor coordination is also 

indirectly tested. Ih order to eliminate visual-raotor functioning as a 

variables a pretest of visual-motor coordination was administered. Tills 

consisted of having each subject duplicate a series of tapped patterns. 

Test validity was so determined. 

Each subject was required to pass three tests to qualify as a subject 

for the experiment. The first test was a three frequency (500 cps s 1000 

cps, and 2000 cps) hearing screening test at 20 <B tearing level utilizing 

the 1964 ISO threshold criteria. The second test was the visual-motor 

coordination test. In the third test, the subject was presented the 

experimental noise at 97 dB re; 0.0002 dynes per square centimeter for a 

few seconds to determine his ability to tolerate the noise. 

The subjects were tested individually In the following manner: 

1. Hie child was escorted Into the testing roam and told that he would 

be playing sane games with blocks, looking at sane pictures and would take 

a hearing test. 
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2. A hearing test of three frequencies (500 cps, 1000 cps, and 2000 cps) 

was administered at 20 dR hearing level. 

3. An orientation period was provided whereby the examiner explained to 

the subject that he would be hearing a very loud noise. Hie noises (at 

test intensity 97 dB re: 0.0002 dynes per square centimeter), was presented 

for a few seconds so that the subject could become accustoned to it. 

4. The visual-motor test, consisting of having the subject duplicate block 

tapping patterns, was administered. 

5. Half of the subjects in each group were presented the noise condition 

first, hereafter referred to as condition A. The Knox Cube Test was then 

administered two times in the presence of the masking noise. 

Half of the subjects In each group were presented the non-noise or 

quiet condition first, hereafter referred to as condition B. The Knox 

Cube Test was then administered without the masking noise two times, and 

an average score of the two tests was obtained. 

6. .An Intervening task, consisting of the Peabody Picture Vocabulary Test, 

was administered and a mental age score obtained. 

7- The Khox Cube Test was again administered. Half of the subjects in 

each group were presented condition A and half the subjects condition B. 

The half receiving the test under condition A were those who had received 

the test under condition B on the first test administration and the half 

receiving the test under condition B were those who had received the test, 

under condition A on the first test administration. 

Throughout the presentation of the Knox Cube Test* a minimum of verbal 

instructions were given. These were limited to: "fetch me and do as I do." 

The blocks were placed in front of the subject and a pencil was provided. 
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In accordance with the Instructions In the manual of the Grace Arthur Test , 

the subject was allowed to repeat the first two patterns as often as needed 

in order to be sure that he liad understood the instructions and could follow 

the testing procedure. Failure on any two consecutive Items of the task 

terminated the test. 

Tne experiment took place in a small bare testing roan. The examiner 

was seated behind a table in front of the subject. The Wollensak tape re-

corders which contained the recorded noise, was situated behind trie subject 

thirty-six inches from the level of his ears. All testing procedures were 

administered in one sitting, the average tine required to complete the 

procedure for each subject was approximately fifteen minutes. 

Group III, the normal controls, were tested in their school in a small 

roan in the middle of the building, away from the classrooms. Groups I and 

II ? the brain-injured mentally retarded and non-brain-injured mentally re-

tarded subjects., were tested in the administration building of the Denton 

State School in the psychological testing room. This room was partially 

sound treated and contained acoustical tile on the celling. 



CHAPTER. BIBLIOGRAPHY 

1. Frlalna, D. Robert, "Speech Readings" from Report of the Proceedings 
of the International Congress on Bducatiqn~of tte Deaf land the ~ 
Forty-firiT"Meeting of the Convention of American Instru.ctors™ 
oFtae Deaf, Washington, 15. C., U.~S. QoviOTin^~"PrInting Office, 
19617" 

2. Bsber, Rick, "A Manual on Terminology and Classification in Mental 
Retardatlons

M Monograph Supplement to American Journal of Mental 
Deficiency, 2nd edition, April, 1961. 

3. Tabor, Clarence v., Tabor's Cyclopedic Medical Dictionary, Philadelphia, 
P. A. Davis Co., I960. ~ - — 

29 



CHAPTER III 

RESULTS AND DISCUSSION 

Two experimental questions were posed for Study: 

1. ¥111 the influence of temporarily denying significant auditory stimuli 

by Introducing a masking noise which prevents the individual from hearing 

the usually heard sounds of the environment significantly affect the per-

formance of hearing children on the Knox Cube test? 

2. Are there significant differences among brain-injured mentally retarded, 

non-brain~lnjured mentally retarded and children of normal Intelligence, 

all with normal hearing acuity, In ability to adjust to auditory masking 

in the performance of the Knox Cube Test? 

Subjects were administered the Knox Cube Test under two experimental 

conditions: (1) in a normally quiet condition, (2) in the presence of white 

masking noise at the level of 97 dB re: 0.0002 dynes per square centimeter. 

An intervening task, the Peabody Picture Vocabulary Test, was administered 

without the masking noise to provide a break In the testing procedure and 

to obtain a mental age score. 

The subjects were divided into three groups in the experimental design. 

Group one consisted of brain-injured mentally retarded subjects, group two 

consisted of non-brain-injured mentally retarded subjects, and grot?) three 

contained children of normal or above Intelligence. 

To control the practice effect, which might Influence test scores, 

half of the subjects In each group first received condition (1), test 

administration in a normally quiet testing situation, and condition (2), 

30 
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test administration in the presence of white masking noise, second. Ifae 

remaining one half of the subjects In each group received the reverse of 

this procedure, that Is condition (2) was administered first and condi-

tion (1) second.̂ -

Ihe siiiple analysis of variance was the statistical technique applied 

to the difference scores obtained from ajMLnl3tering the Knox Cube Test 

In the two experimental conditions.2 nils technique was used so that com-

parisons could be mad® among the three experimental groups. 

A simple analysis of variance of difference scores, the sura obtained 

by subtracting the scores of the Knox Cube 3test administered under the two 

experimental conditions (each subject's two scores), indicated no signifi-

cant differences among the three groups1 ability to perform under the two 

experimental conditions. IMs means that there were no differences between 

brain-injured mentally retarded, non-brain-injured mentally retarded and 

"nonnal" children in their ability to adjust to the masking noise which 

prevented them from hearing the usually-heard sounds of their environment 

in the performance of the Khox Cube litest. Ite null hypothesis corres-

ponding to experimental question nunfcer two was supported. Ihe mean differ-

ence scores for the three groups were as follows: brain-injured mentally 

retarded subjects, mean: .1000, SD: 1.6324; non-brain-lnjured mentally 

retarded subjectsa mean: -.0750, SD: .9120, and Intellectually normal 

A test of significance revealed no statistically significant differ-
ences in obtained scores when the groups were combined to 'form two groups. 
Group A received the noise condition firsts group B received the noise 
condition second, 

23Ms technique will yield a conservative teat of the null hypothesis 
since the groups were made equal on mean mental age. 
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subjects, mean: .40003 SD: 2.2449, The results of the analysis of vari-

ance technique are indicated in Table VI. 

TABUS VI 

ANALYSIS OF VARIANCE OP DIFFERENCE SCORES OF THE 
THREE GROUPS 

SOURCE 

BETWEEN 
wrmiN 
TOTAL 

SIM 
SQUARES 

2.3083 
170.7375 
173.0458 

DEGREES OF 
IHE0DCM 

2. 
57. 
59. 

VARIANCE 
ESTIMATE 

1.1541 
2.9953 

F 

.3853 

In order to answer statistically experimental question number one, 

will the influence of temporarily denying significant auditory stimuli by 

introducing masking noise sî iificantly affect the performance of hearing 

children on the Knox Cube Test?, the groups' scores were combined and the 

scores for each condition were analysed. The three groups' scores could 

be combined because there was no difference found, among the groups in 

their ability to perform under the two experimental conditions. The* 

scores of the Knox test were divided into two groups for analysis. The 

first group of scores were designated Knox I and represented the test 

performed in the noise condition. The second group of scores, Knox II, 

represented the test performed in the normal, quiet condition. The t test 

for matched groups was enployed since this was a test-retest situation 

to determine if there were any differences between the two conditions. 

The results of the t test, Indicated in Table VII, demonstrated no signi-

ficant differences between the means of the two conditions. The null 

hypothesis corresponding to experimental question number one was supported. 
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ANALYSIS (F SHE TOO CONDITIONS OP B E KNOX 
CUBE TEST UTILIZING THE; FISH® t 
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MEM STANDARD i MEAN STANDARD 
KNOX I DEVIATION KNOX II HmTION 

7.7166 3.6059 1 7.5750 3.̂ 215 .2189 

Discussion 

The piapose of this study was twofold. The first purpose was to 

investigate the effects of a masking noise upon the performance of the 

Knox Cube Test by hearing subjects, She second purpose was to determine 

if there were any differences among brain-injured mentally retarded, non-

braln-injured mentally retarded, and children of normal intelligence in 

their ability to perform on the Knox Cube Test when their hearing was 

masked. 

The results of the study indicated that under the experimental con-

ditions of the present study, the masking noise produced no significant 

effects cm the performance of the Knox Cube Test. That is, the subjects 

were able to perform as well on the test under both experimental condi-

tions, and there were no differences among the groins. 

the present study, subjects under the condition of clinical mask-

ing noise did not respond as did deaf subjects in the Blair study (1). 

Subjects in the Blair study performed better on the Knox Cube Test than 

did their matched hearing controls. 

A tentative explanation for the discrepancy In performance between 

the subjects In the present study and the deaf subject© might be that 
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deaf subjects, because of the long duration of sensocry deprivation, had 

made an adjustment of long standing. Hie brief exposure of masking noise 

in the present experimental design was not long enough for adequate adjust-

ment to take place. It is noteworthy that the present subjects were able 

to at least equal their performance under the clinical masking noise 

condition. 

It is possible that the experimental condition of the present study 

can in no way be compared to the condition of auditory deprivation which 

exists in deafness. Given this interpretation , no comparisons would be 

possible. However, cue aspect of deafness is that the Individual is 

unable to utilize auditory clues of his environment to maintain contact 

with his environment. In the present experiment, a clinical noise was 

used to mask out normal auditory clues of the subject's environment. 

Under both conditions, deafness aid masked hearing, the subject is unable 

to utilize normal auditory sense data about his environment» 

Another aspect of the results of the present study was that there 

were no differences identifiable among the three groups of hearing sub-

jects. In the present experiments brain-Injured mentally retarded> non-

brain-injured mentally retarded and children of normal Intelligence did 

not vary their performance on the Khox Cube Test under the two experimental 

conditions. The desigi of this study precluded the possibility of match-

ing subjects in the three groups individually, to the present study only 

group comparisons were possible. A subsequent Investigation in which 

individual comparisons could be made might demonstrate differences which 

were not discernable from the group comparison technique used in this 

study. 
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CHAPTER IV 

S W ® MD CONCUJSICNS 

Irx the present study sixty children of normal, hearing acuity were 

administered, the Knox Cube Ttest under two experimental conditions. to 

experiment was designed to test Myklebust's theory of sensory organiza-

tion as it exists in deaf children. The theory is based, in part, on 

experimental data that deaf children obtain higher scores on the Knox 

Cube Tteat than their matched hearing controls, Hie theory states that 

deaf children perform superiorly because they utilize cues which are not 

used by hearing children. 

lie study was predicated upon the hypothesis that by masking the 

hearing of norraal-hearing subjects, in order to deny them normal auditory 

input about their environment* a condition could be set up to test 

rtyklebust'8 theory. Assuming deaf children tend to perfom superiorly on 

the Knox (Mae lest because of their lack of auditory input, would hearing 

children equal that performance when their hearing modality was masked? 

Specifically, two questions were posed for study: 

1. Would the influence of auditory masking provided by a clinical noise 

significantly affect the performance of hearing children an the Knox Cube 

Tfest? 

2. Are there significant differences among brain-injured, mentally re-

tarded and "normal" children in ability to adjust to auditory masking in 

the performance of the Khox Cube Test? 

In the present study an experiment was designed whereby Ifyklebuet's 

36 
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theory might be tested. Sixty hearing children were administered the 

Knox Cube Test under two expertoental conditions: 1) in a normally quiet 

testing condition and 2) in the presence of a msking noise at the level 

of 97 dB re: 0.0002 dynes per square centimeter. In a preliminary test 

this noise level was sufficient to Bask out all background noise. The 

subject, under the noise condition, was unable to utilize auditory Input 

in a meaningful way to receive auditory clues from his environment. Under 

the noise condition, subjects were denied significant auditory stimuli 

which would prevent them from hearing the usually-heard sounds of their 

environment. 

The scores from the Knox Cube Utegt administered under the two experi-

mental conditions were corrpared and a difference score was obtained. The 

difference scores were analyzed. The results indicated no statistically 

significant differences between the two trials of the Knox Cube Test. 

There were no differences found between the ability of the subjects to 

perform on the Khox Cube Teat under the quiet or masking noise conditions. 

The sixty subjects in the present study were divided into three 

groups consisting of: 1) twenty non-brain-injured mentally retarded^ 

2) twenty brain-Injured mentally retarded children and 3) twenty children 

of normal intelligence with no known brain pathology. The groups were 

further subdivided into ten males and ten females. The groins were 

matched according to mental age. Group difference scores, the sum obtain-

ed by subtracting the scores of the two trials of the Knox Cube Test, were 

combined and conpared with the other group scores. A simple analysis of 

variance indicated no statistically significant differences among the 

three groins in ability to perform the Knox Cube Teat under the two ex-

perimental conditions. 
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Conclusions 

The subjects in the present study under the noise condition did not 

respond as did the deaf subjects in the Blair study. Two tentative con-

clusions have been drawn to explain this discrepancy. Brie first conclu-

sion is that masking hearing for a brief period can in no way be like the 

condition which exists in deafhess and therefore no comparisons can be 

made, Ramsdale (1, p. 398) posits that the human organism relies on audi-

tory information to maintain contact with his environment. He divides 

auditory information into three groups or levels, 1) the symbolic or 

language receiving level, 2) the signal or warning level and 3) the primi-

tive level or background of feeling level. Subjects in the present study 

were denied significant auditory information by masking their hearing 

which would prevent than from hearing the usually-heard sounds of their 

environment. M s would include the three levels described by femsdale. 

The second conclusion is based upon the length of time in which hear-

ing v/as masked. The brief exposure to the clinical noise,, when compared 

with the long duration of sensory deprivation of the deaf child, may not 

have been long enough to cause the subject to reorganize and adapt sen-

sorially. It is noteworthy that the subjects were able to at least equal 

their performance on the Knox Cube Test under the quiet condition with 

performance under the condition of clinical masking. 

Another conclusion of this study was that the subjects, under the 

experimental conditions used, neither increased nor diminished their 

scores under the condition of the masking noise. Ihe masking noise tod 

no effect upon the performance of the Knox Cube Test. 

The present experimental design, utilizing group means for comparison. 
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precluded the possibility of comparing individuals within groups. A sub-

sequent study whereby individuals could be Hatched might demonstrate 

differences which were not discernable in the present method. Further 

research might also be directed toward other aspects of memory for visual 

movement in the deaf and hearing child. 
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