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CHAPTER I 

INTRODUCTION 

In recent years both educators and psychologists have 

been concerned with children who have language and learning 

disabilities (LLD). Many authors, however, have expressed 

doubts as to whether or not the term "learning disabilities" 

describes a true syndrome (Schulman & Reisman, 196 9; Werry 

& Sprague, 1970). It was observed by Clements (1966) that 

each child has his own particular cluster of symptoms and, 

hence becomes a "unique" type of child with minimal 
dysfunction of the central nervous system. The level 
of the child's innate intelligence and the nature of 
his underlying temperament, as they interact with 
various environmental factors, will determine the 
form and excellence of his maneuvers to compensate 
for his deficits or durations [p. 42]. 

Dykman, Ackerman, Clements, and Peters (19 71), however, 

felt that faulty attention was the basic deficit underlying 

all learning disabilities. Anderson, Halcomb, and Doyle 

(1973) used one component of attention, vigilance, to demon

strate that a vigilance task could discriminate between 

hypoactive and hyperactive children with learning disabili

ties and normal controls. The work of Anderson et al., not 

only provided an objective measure of one component of 

attention, but also had implications for future investi

gation into the remediation of the vigilance/attentional 

deficit. 



The purpose of the present study was to investigate 

the efficacy of using feedback techniques as a means of 

decreasing the vigilance decrement found in hyperactive 

and hypoactive children with learning disabilities. The 

use of feedback or knowledge of results (KR) in vigilance 

studies has suggested the possibility that hyperactive 

and hypoactive children with learning disabilities might 

respond differentially to knowledge of results. 

Learning Disabilities 

Historically both educators and psychologists have 

long recognized that mentally retarded, blind, deaf, and 

emotionally disturbed children constitute specific popu

lations requiring individualized approaches to achieve 

success in learning. In recent years, however, presum

ably because of refined techniques for determining success 

in learning, emphasis has been placed on the child with a 

specific learning disability (Johnson & Myklebust, 1967). 

Any attempt to operationally define the child with 

a learning disability quickly becomes a confusing matter 

due to the proliferation of terminology in the area. In 

addition to psychologists and educators, pediatricians, 

neurologists, speech pathologists, optometrists and ophtha-

mologists also have been involved in the field of learning 

disabilities, with each discipline relying on terminology 



and etiology consistent with its own particular frame of 

reference (Anderson, 1970). 

Anderson (19 70) pointed out that the term "learning 

disabilities" described an educational end product that 

cannot be separated from the concept of m.inimal brain dys

function. In fact, one of the early terms used for describ

ing children with learning disabilities was "brain damage," 

or "minimal brain damage." 

The original impetus and focus on organicity for the 

syndrome came from Alfred Strauss, M.D. Strauss worked 

with retarded children. He noted that while most of these 

children gained appropriately under the special schooling 

given them, a certain group did not show appropriate gains. 

The children who did improve were retarded primarily as the 

result of external damage to the central nervous system (CNS) 

(e.g., anoxia at birth, meningitis, encephalitis, severe 

head injuries, etc.). 

Although Strauss (1947) was not the first to charac

terize the associated symptomotology of brain damage, he 

did recognize that certain children thought to be retarded 

constituted a distinct group apart from the basically slow, 

dull children. In addition, these children had some of the 

characteristics associated with brain damage. In a speech 

at a seminar on children with learning and behavioral 

problems, James A. Dugger, M.D. (1965) pointed out that 



subsequent years of study by Strauss revealed the problem 

as we know it today, " . . . that there are quite a few 

children who behave, act, and react in the manner of those 

with damaged brains but in whom no historical, neurological, 

or physical indications exist to support such a supposition." 

Dugger (1967) also stated that: 

had the original describer of children with learning 
and behavior problems been a psychoanalytically 
oriented person, our basic struggle at this time might 
well be with differentiating this problem from that of 
the severely disturbed child with no recognizable 
etiology, since both the cerebral dysfunction child 
and the disturbed child have a great deal in common 
and both respond to much the same programming: motor 
skills training, body concept reinforcement, pro
grammed success [p. 19]. 

Johnson and Myklebust (1967) observed that most 

descriptive terms have proved inadequate because damage 

implies that normalcy existed until the occurrence of some 

trauma. Brain damage is thus unsuitable as a designation 

for children in whom the etiology is neither illness nor 

accident. Likewise, Johnson and Myklebust contended that 

the terms perceptually handicapped, Strauss Syndrome, and 

dyslexia are too specific to adequately describe children 

with a disability in learning as a result of neurological 

involvement. On the other hand, Doll's (1951) neurophrenia, 

when used to designate the "behavior symptoms ensuing from 

central nervous system impairment," is too general and all 

inclusive to be of much applied utility (Johnson & Myklebust, 

1967). 



Johnson and Myklebust (1967) preferred the term 

psychoneurological to indicate, " . . . that the disorder 

is in behavior and that the causation is neurological." 

Anderson (196 8) emphasized the point that the learning 

disability is the end result of an interaction betv/een a 

neurological deficit and the child's conception of himself 

when'functioning in a society which perceives that he has 

a disability. 

Depending upon the site and type of organic impairment, 

differing types of educational and behavioral problems 

arise which identify the child with a learning disability. 

Although specific definitions of the disabled child vary 

from author to author, in general all definitions are 

describing a child of near average intelligence or above 

average intelligence with certain learning or behavioral 

disabilities associated with dysfunction of the central 

nervous system. These learning deficits are usually 

marked in either the areas of language development, number 

concepts or perceptual motor skills. A review of these 

learning deficit areas follows. 

Language Development 

A primary deficit may be apparent in auditory 

receptive language. Traditionally, this condition is 

referred to as generalized auditory agnosia. The child 



with a generalized deficit in auditory learning hears, but 

he does not interpret what he hears. Although audiometric 

testing may be within normal limits, a child with this 

disability neither understands spoken words nor environ

mental sounds (Johnson, 1967). Anderson (1970) pointed 

out that the child may understand simple oral instructions, 

but ceases to function when the verbal-oral input becomes 

more abstract and complex. 

Luria (1965) thought the disturbance of phonemic 

hearing to be a symptom of damage to the posterosuperior 

portion of the left temporal lobe. Sabatino (1969) found 

that all of the subjects of his Test of Auditory Perception 

(TAP) correlated negatively with scores of the Bender Visual 

Motor Gestalt Test. He found that under conditions of nor

mal background noise, brain-injured children performed sig

nificantly poorer than a non-brain-injured control group 

matched for age, sex, and verbal IQ. Birch, Belmont, and 

Karp (1965) showed brain-injured children to be deficient 

on tone-discrimination tasks, while Kaliski (1959) defined 

the deficiencies of learning disabled children in determin

ing initial, final, and medial sounds of even short words. 

Many children with language disorders have no problem 

in understanding the spoken word, but do have difficulty 

expressing themselves. Johnson and Myklebust (1967) have 

identified three prevalent groupings of expressive 

disturbances: 



1. Reauditorization - Although understanding and 

recognizing words, these children cannot " . . . 

remember or retrieve them for spontaneous usage." 

This problem has been called a word-finding 

difficulty or anomia. Luria (1965) thought this 

difficulty to be correlated with a more central 

dysfunction of the temporal lobe. 

2. Apraxis - These children cannot, or have diffi

culty in, executing the motor patterns necessary 

for speaking although they both comprehend and 

remember auditory language. There is no paralysis, 

but rather a loss of voluntary control of the move

ments of the tongue and lips. Dysfunctions of 

the postcentral (parietal) cortical areas usually 

have been associated with such motor disturbances 

(Luria, 1965). Fisichelli et al. (1963) obtained 

phonetic analysis of infants with brain injury. 

Tape recordings taken of normal and brain-injured 

infants at the first week of life, at six months, 

and at one year of age showed normal infants to be 

producing significantly more total sounds, more 

vowel sounds and significantly fewer nasal sounds 

than the brain injured infants. 

3. Defective syntax - These children cannot plan or 

organize words for the expression of ideas in 
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complete sentences although able to use single 

words or short phrases. Anderson (19 70) reported 

that the mothers of these children found them to 

be leaving words out of sentences or transposing 

the sentence structure; thus, the total speech 

pattern was likely to be immature. Gallagher 

(19 57) compared a group of normals with a group 

of brain-injured children matched for mental age 

and chronological age on tasks requiring concep-

ability. No differences were found between the 

two groups on measures of quantitative concepts, 

but the brain-injured group was inferior on tasks 

requiring the integration and expression of verbal 

concepts. 

Another type of language involvement often found in 

children with learning disabilities is disorders of reading. 

Dyslexia is the term which by definition refers to a reading 

deficit in children who are neither mentally slow nor 

emotionally disturbed. 

A disturbance in the visual modality often will 

interfere with the ability to read. Visual dyslexia is 

associated with reading disorders in the absence of peri

pheral visual defects. Anderson (1970) pointed out that 

such a child tends to miss the little words such as there, 

the, then, was, " . . . oral reading often is choppy, with 



no regard for punctuation, resulting in a monotone effect. 

There is a resultant loss in comprehension related to the 

over-emphasis on the mechanics of word calling." Words 

and letters are often either reversed or inverted with 

resulting problems in visual sequential mem.ory. 

Johnson and Myklebust (1967) also described the 

auditory dyslexic child who has numerous auditory discrim

ination and perceptual disorders which create problems in 

the area of phonetic analysis. Anderson (1970) pointed 

out that this child may have difficulty in hearing initial 

or final sounds of words or in dividing a word into 

syllables. 

The third and last type of language dysfunction 

commonly found in the learning disabled child often is found 

in the area of written language. Johnson and Myklebust 

(1967) have characterized three major types of writing dis

orders : 

1. Dysgraphia - This condition describes the inability 

to write as secondary to a disorder in visual-motor 

integration. Such a child often can spell orally, 

but cannot execute the motor patterns for writing 

letters, numbers or words. Anderson (19 70) de

scribed such a child as often " . . . becoming so 

involved in the simple mechanics of writing that 

he loses the trend of his thought or simplifies 
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his production in order to achieve the frustrating 

objective of completing an assignment." 

2. Revisualization deficits - With this type of dis

order, the child cannot remember or revisualize 

the physical configuration of letters or v7ords and 

thus cannot write spontaneously or from dictation. 

Anderson (1970) pointed out that this child's 

problem ". . . is not in copying letters or numbers 

but in remembering what the letter or word looks 

like in the absence of a model to copy." 

3. Formulation and syntax deficits - In this case 

the person cannot organize his thoughts into their 

proper form for written communication although 

having no difficulties in oral communication, 

revisualization or spelling. Johnson and Myklebust 

(1967) described this child as ". . , not writing 

the way he speaks; he makes errors in written 

formulation that he does not make in speaking." 

Anderson (1970) pointed out that this difficulty 

becomes more visible in the intermediate grades 

when more emphasis is given to the assignment of 

written stories and themes. 

Number Concepts 

The second major area of disability centers around 

disorders of arithmetic. When the failure to learn 
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mathematics is secondary to central nervous system dys

function, the resultant disorder is commonly known as 

dyscalculia. Occipitoparietal dysfunction is the specific 

cerebral area that is often involved. 

Anderson (19 70) pointed out that there is an 

interaction between the language disorders and disorders 

in arithmetic: 

If the child has a problem in re-auditorization, 
he is very likely to have difficulty in recalling 
numbers. He may recognize the correct number when 
presented to him visually, but he cannot verbalize 
it. The visual dyslexic child has difficulty in 
reading word problems; when he is faced with work 
book tasks or printed directions he may become lost, 
confused, or so bound up in the task of comprehend
ing the written work that he loses sight of the basic 
arithmetic problem. The child with dysgraphia and 
writing problems becomes burdened down in the task 
of writing numbers [p. 11]. 

Luria (1965) described persons with acalculia as being 

able to perceive and recognize simple whole numbers. How

ever, when presented with compound numbers or asked to 

carry out simple mathematical operations, the disturbance 

quickly emerges. The child " . . . lacks the simultaneous 

quasi-spatial organization which is necessary for compre

hension of compound numbers, for converting fractions into 

decimals, or for carrying out mental calculations." Accord

ing to Luria (1965) it is the disturbances of simultaneous 

spatial synthesis which follow damage of the occipitoparietal 

areas of the left hemisphere which prevent the child from 

being able to understand numbers of more than one digit. 
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Johnson and Myklebust (196 7) seemed to be writing 

about the same phenomenon when they described children who 

can understand and use spoken language, can read and write, 

but have a difficulty in quantitative thinking: " . . . a 

basic characteristic of these children are deficiencies 

in visual-spatial organization and nonverbal integration." 

Johnson and Myklebust (196 7) depicted these children as 

often not being able to look at groups of objects and 

determining which contains the greater amount: " . . . some 

have difficulty estimating distances and making judgments 

related to visual-spatial organization." 

Perceptual-Motor Development 

Perceptual-motor development constitutes the last area 

of deficits to be reviewed. Cruickshank (1961) wrote that 

an adequate body-image provides the child with a dependable 

point of reference for his motor responses and the develop

ment of perception. "An adequate body-image includes the 

almost infinite set of perceptual-motor linkages in the 

neurophysiological system of the organism which provide the 

preconditions for patterns of movement and associations on 

command." Thus Cruickshank (1971) felt that an adequate 

body-image was essential to the development of laterality 

and directionality. Deficiencies in body-image were thought 

to result from cerebral dysfunction which prevents the 
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learning of the relationship of the different parts of the 

body to each other and to external objects. 

Anderson (19 70) summarized the centrality of perceptual 

motor development to many authors: 

1) Perceptual motor development is a part of the 
normal development of all children. 

2) Deficits in one or more stages of motor develop
ment appear to be related to later problems in the 
higher level perceptual processes associated with 
reading-language development. 

3) Training in the areas of motor-perceptual lag is 
a necessary prerequisite for the efficient develop
ment and training of the abstract symbolic skills 
associated with language development [p. 13]. 

In addition to the above mentioned areas of specific 

deficit, most learning disabled children often show addi

tional clusters of symptoms. 

Symptoms of Learning Disability 

Task Force I on terminology and identification of the 

minimal brain dysfunction syndrome in children, sponsored 

by the National Institute of Neurological Diseases and 

Blindness and the National Society for Crippled Children 

and Adults, provided a comprehensive list of the complete 

symptomatology of the child with a learning disability 

(see Appendix A). 

Clements (1966) listed the following characteristics 

of children with learning disabilities: 

1. Average or above intellectual capacity and 
potential. 

2. Specific learning disabilities--most commonly 
effected are reading, arithmetic and/or spelling. 
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3. Perceptual deficits may occur in one or several 
of the sensory channels. 

4. General coordination deficits. 
5. Abnormal motor activity level--may be hypoactive 

or hyperactive. 
6. Impulsivity--most commonly associated with the 

hyperactive child. 
7. Emotional lability—the child will have quick 

changes of emotional response from high temper 
and tantrums, to easy manageability and remorse. 

8. Short attention span and/or distractibility--the 
child is unable to concentrate on one activity 
for very long. 

9. Equivocal or "soft" neurological signs. 

10. Electroencephalographic irregularities [p. 24]. 

All of the symptom lists, however, caution the reader 

not to expect any given child to exhibit symptoms in all 

or even many of those areas since each child will have his 

own particular cluster of symptoms. 

A closer look at the commonly associated character

istics of children with learning disabilities shows little 

concensus on their behavioral referents. A study conducted 

by Schulman, Kaspar, and Throne (1965) supported the thesis 

that the total motor output is higher for those children 

labeled as hyperactive, while Cromwell, Baumeister, and 

Hawkins (1963) produced contradictory results. The neuro

logical "soft signs" associated with the term minimal brain 

dysfunction have been shown to correlate very weakly with 

any behavioral referents (Werry, 19 72). The prevalence and 

developmental pattern of the disorder has not been well 

delineated. Stewart, Pitts, Craig, and Dieruf (1966) 

estimated 4% of all school-age children are hyperactive. 
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A series of informal clinical reports (Bradley, 1957; 

Laufer & Denhoff, 195 7) and follow-up studies of hyperactive 

children (Laufer, 1962; Menkes, Rowe, & Menkes, 1967; Weiss, 

Minde, Werry, Douglas, & Nemeth, 19 71) indicated that hyper

activity disappears in most cases by late adolescence. 

Unfortunately, the more general problem of inappropriate 

and deficit social skills seemed to persist. Weiss et al. 

(1971), on a five year follow-up of 64 hyperactive children, 

observed that despite reductions in gross and disturbing 

motor behavior, the chidlren were still restless and engaged 

in a great deal of organized but situationally inappropriate 

behavior. 

It is because of this great diversity of symptomo

tology that many authors (Kirk, 196 8; Werry & Sprague, 19 70). 

have expressed doubts as to whether the term specific 

learning disabilities, or the medical equivalent of minimal 

brain dysfunction describes a true syndrome. Werry and 

Sprague (19 70) pointed out that for the clinician, the 

existence or nonexistence of minimal brain dysfunction is 

irrelevant given the current state of knowledge, as " . . . 

having made such a discrimination has not been demonstrated 

to contribute to remediation." 

Dykman (19 71), however, believed that learning 

disabled children, though admittedly diverse, may be 

sufficiently alike in certain basic underlying traits to 
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be subsumed under the term syndrome. Specifically, Dykman 

indicated that many educators consider the ability to 

decode or decipher visual and auditory input as critical 

in the learning process (Myklebust, 1968). He pointed to 

the work of V7arren and Warren (19 70) , who deleted phonemes 

from statements by superimposing coughs. Warren and Warren 

found that when the statement was played back to listeners, 

the missing sounds were heard as clearly as though they 

were present. Dykman stated that, though some Gestaltists 

might argue that the tendency to see the whole is innate, 

this ability is refined and affected by the person's past 

experience. Why then doesn't the child with a learning 

disability learn to compensate, as others apparently do? 

The reason for their inability to compensate was advanced 

by Dykman as follows: 

There is a more basic deficit than misperception, 
and this is faulty attention; particularly, becoming 
alert and focusing. The child who is unable to focus 
his attention on the written or spoken word or sound 
cannot easily learn to read or spell [p. 57]. 

Thus, Dykman (1971) felt that faulty attention, 

organically based, was the basic syndrome which underlays 

all learning disabilities. Dykman treated attention as 

if it were a unitary trait consisting of four interrelated 

components: alertness, stimulus selection, focusing, and 

vigilance. 
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It is this last component of attention, namely, 

vigilance, which was utilized by Anderson, Halcomb, and 

Doyle (19 73) as a means of experimentally examining atten-

tional deficits. 

The Vigilance Task 

The study of vigilance received much of its early 

emphasis from two sources. First, in the field of quality 

control, Wyatt and Langdon (19 32) noted that a drop occurred 

in the reported detection of flaws in the first 30 to 45 

minutes of a work period. Second, during World War II it 

was noted that radar scope operators failed to detect 

targets as a function of time on duty. The performance 

decrement noted in these separate but related activities 

was verified by the research of Mackworth (1944, 1950). 

The original vigilance task was devised by N. H. 

Mackworth (1950). It consisted of a highly monotonous 

task in which the chief difficulty was the temporal ir

regularity of the signal. Thus, in the original clock 

test the subject watched a clock hand jerking around in 

regular jumps, with the signal being a jump of twice the 

usual distance. Mackworth (1950) found that signal detec

tions declined as time on watch increased. The fall in 

detections constituted the original vigilance decrement, 

and the problem in most vigilance research has usually 

been to determine the reason for it. 
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Blackwell (1970) described the typical task as follows: 

Vigilance behavior involves a detection task in 
which the observer is required to monitor a display, 
detect, and then report the absence or presence of 
a change in the display. This change is called a 
signal. These signals are relatively infrequent, 
distinguishing a vigilance task from a monotonous 
work task in which the operator simply performs a 
repetitive operation. The signal may be a discreet 
stimulus which is added to or taken away from the 
display, or it may be some type of change in a con
tinuously presented stimulus. . . . The vigilance 
task is generally a continuous one consisting of a 
prolonged period of time, in most instances not less 
than one hour. It should be noted, however, that 
minimum duration cannot be specifically stated. The 
basic criterion is that the vigilance task should 
require more than a single momentary judgment [p. 4], 

Vigilance itself has been defined in various ways, 

sometimes referring to performance itself, other times 

referring to the central processes which determine perfor

mance. A symposium on vigilance (Buckner & McGarth, 1963) 

defined vigilance as performance on the task, as attention 

over an extended period of time, and as readiness to 

respond. A majority of studies reviewed by Blackwell (1970) 

defined vigilance as ". . . a term which is used for human 

performance where an observer is required to monitor a 

display for a prolonged period of time in order to detect 

infrequent signals." 

The vigilance decrement reported by Mackworth (19 44) 

was verified by Lindsley and his associates (1944) in their 

work with radar surveillance. It since has been shown that 

the decrement in performance over time is one of the most 
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characteristic features of the vigilance task (Jerison & 

Wallis, 1957; Jerison & Pickett, 1963; Stroh, 1971). 

Mackworth (19 70) investigated the influence of 

knowledge of results (KR) on the decremental trend in 

vigilance tasks. One group of subjects (the control 

group) was given no knowledge of results, whereas another 

group (the experimental group) was given information re

garding its failures to respond and the correctness or 

incorrectness of the responses made. Mackworth found that 

the control group's performance declined in the typical way, 

while the experimental group, on the other hand, exhibited 

no significant performance decrement. 

Wiener (1963) examined the detection of signals on 

the Jump Clock, with three levels of KR and three signal 

rates. 

The three levels of KR were no KR, KRC (correct 

detections and false alarms) or full KR (KRC plus missed 

signals). With full KR, maximal detection and minimal 

false alarms were found. With KRC, more signals were 

detected than with the control, but there also were more 

false alarms. In her review of this study, Mackworth 

(1970) stated: 

It would therefore seem that the effect of feedback 
only on positive responses resulted in a less cau
tious criterion (or perhaps increased the evoked 
potentials produced by the repetitive jumps). When 
KR is given on missed signals, then as the observer 
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gives fewer responses and misses more signals, the 
feedback increases, while with the KRC condition, 
feedback decreases as positive responses decrease 
[p. 23]. 

Results that are essentially identical to these also 

have been obtained by other researchers (Weiner & Attwood, 

1968; Wilkinson, 1961). 

McCormack (1959) investigated the effects of KR on 

reaction time (RT). The increase in RT during the control 

session was either reduced or absent in the KR condition. 

The effect of motivation also has been shown with 

rewards following the session having a marked effect on 

performance (Blackwell, 1970). The way in which KR is 

given is also influential; that is, verbal comments appear 

to be more effective than nonverbal feedback (Mackworth, 

1970). 

The positive effect of KR on vigilance behavior can 

be expected from all theories of vigilance. Although it 

is not within the scope of the present paper to review the 

various existing vigilance theories, it is appropriate to 

review predictions the major vigilance theories make con

cerning the effects of KR, insofar as the use of KR is 

central to the present study. For a review of vigilance 

theory, the reader can consult Hall (196 4), Broadbent 

(1963) and Stroh (1971) . 
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Vigilance Theories and KR 

Learning theories of vigilance, such as Mackworth's 

(1950) inhibition theory, Deese's (1955) expectancy theory 

or Holland's (1958) reinforcement theory all would predict 

improved vigilance performance as a result of KR through the 

establishment of superior learning situations that not only 

give the subject a better idea of what is required of him, 

but also establish the response more firmly (Stroh, 1971). 

Thus, in terms of Mackworth's (1950) inhibition theory, 

the vigilance decrement results secondary to an accumulation 

of inhibition, which in turn accumulates in the absence of 

reinforcement. The lacking reinforcement was assumed by 

Mackworth to be KR. Inhibition theory would then predict 

a recovery from the vigilance decrement when obtaining KR, 

much in the manner of providing reinforcement for a condi

tioned voluntary response. Mackworth, however, attributed 

the performance recovery to disinhibition. Mackworth ap

parently used a disinhibition interpretation of KR due to 

the observed effect of a novel stimulus, such as a short 

telephone message, on the vigilance performance of his 

subjects. 

Expectancy theory likewise predicts improved vigilance 

performance secondary to KR. According to Deese (1955), 

"the observer's expectancy or prediction about the search 

task is determined by the actual course of stimulus events 
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during his previous experience with the task," and, "the 

observer's level of expectancy determines his vigilance 

level and hence his probability of detection." KR would 

then improve performance by giving the subject more data on 

which to base his expectancy. 

Improvement in vigilance performance also is predicted 

from Holland's (1958) reinforcement theory, which holds 

that the detection of a critical signal is reinforcing to 

the observer. KR would then not only give added incentive 

for performance, but also would strengthen the observing 

response itself. 

Attention theories of vigilance such as Broadbent's 

(1958) filter theory and Hebb's (1958) arousal theory also 

predict beneficial effects from KR. The filter theory 

assumes that it is impossible for the human perceptual 

system to adequately respond to more than one part of the 

total stimulus situation at a time. The perceptual filter, 

according to Broadbent, has a permanent bias toward those 

channels which have not been recently active. In a vigi

lance setting, the repetitive stimuli of the task lose 

their initial novelty and become less likely to be selected. 

KR would then improve vigilance performance by increasing 

signal novelty and, consequently, the greater likelihood 

of being selected. 
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Arousal theory holds that both external and internal 

stimuli impinging on a subject will determine his level of 

alertness through the reticular activating system (RAS). 

Hebb (1958) suggested that a state of alertness or vigi

lance could not be maintained under conditions of monoto

nous sensory stimulation. He felt that the stimuli in a 

vigilance task not only were used by the subject in making 

signal decisions, but also were essential in maintaining 

the general state of alertness of the subject. Hebb hypothe

sized that if arousal goes below an intermediate level, any 

" . . . response that produces increased stimulation and 

greater arousal will tend to be repeated." 

It is this increase in stimulation provided by KR 

that maintains vigilance behavior according to arousal 

theory. 

Separate Effects of KR 

Chinn and Alluisi (1964) noted that the vigilance 

decrement was usually prevented by providing complete KR, 

i.e., with information concerning a subject's (S's) correct 

detections, missed signals, and false responses. Chinn and 

Alluisi, however, were interested in the separate effects of 

these three kinds of information feedback: 

Specifically, we have made the attempt to study 
the effects on three indices of vigilance performance 
(reaction time, percentage of missed signals, and 
number of false responses) of the three kinds of 
knowledge of results (information concerning correct 
detections, missed signals, and false responses) 
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taken both individually and in all possible 
combinations [p. 903]. 

Chinn and Alluisi found that (1) provision of missed 

signal information resulted in a significant decrease in 

the total number of false responses; (2) provision of 

correct detection information resulted in a significant 

decrease in the overall proportion of missed signals; and 

(3) provision of false response information resulted in a 

significant increase in reaction time to correctly detected 

signals as well as a decrease in false responses: "Thus, 

the effect of providing a specific type of information 

tended to be specific to the measure of performance effi

ciency used." Chinn and Alluisi also stated that apart 

from the obvious interpretation of specificity of effects: 

These results are interpreted as illustrating the 
operation and vigilance situations of two well 
established behavioral principals: 1) that provision 
of immediate KR will tend to increase performance 
efficiency, and 2) that negative reinforcement, when 
it follows the occurrence of a stimulus-response 
event, will tend to lower the probability of that 
event occurring when next the stimulus occurs [p. 
908]. 

Thus, according to Chinn and Alluisi, provision of correct 

detection KR should increase performance efficiency. The 

increased performance efficiency would be manifested by a 

decrease in reaction time, a decrease in the proportion of 

missed signals, and a decrease in the number of false 

responses. False response KR, on the other hand, should 

make the subject more conservative with regard to 
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responding. The increased conservatism would be manifested 

by an increase in reaction time, an increase in the propor

tion of missed signals, (S waits longer than necessary) and 

a decrease in the number of false responses (he responds 

less often). Chinn and Alluisi noted that: 

The principle difference between these two KR 
conditions is that the information is provided 
in a positively reinforcing manner when correct 
detection KR is used, but provided in a nega
tively reinforcing manner when false response 
KR is used [p. 909]. 

It seemed to this writer that Chinn and Alluisi's use 

of the term "negative reinforcement" is not entirely correct, 

when applied to false responses. Azrin and Holtz (1966) 

defined punishment, " . . . as a consequence of behavior 

that reduces the future probability of that behavior." 

Since false response KR decreased the future probability 

of a false response in Chinn and Alluisi's study, punish

ment seems to be a more accurate description of the method

ology used in that particular case. 

Chinn and Alluisi were less clear about the effect of 

missed signal KR. They pointed out that this type of in

formation differed from that of overt emitted responses 

insofar as it was information concerning errors of omission. 

They went on to state that: 

The simplest approach to the interpretation of the 
missed signal KR appears to be one of assuming that 
it will show some of the aspects of both positive 
(information providing) KR and negatively reinforc
ing KR, i.e., some of the effects obtained with 
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both correct detection and false response KR. If the 
prediction is made that the effect of missed signal 
information will be the sum of the effects of the 
other two KR conditions, the prediction is straight
forward where the effects of the other two conditions 
are identical. The prediction, where the two effects 
are different, is somewhat more difficult to handle; 
the simplest procedure, and the one used here, is 
that of holding to the additive assumption and pre
dicting that the effect will tend to be in the direc
tion of the stronger of the two [p. 910]. 

Vigilance and Learning Disabilities 

The use of the vigilance task in the study of special 

populations has been rather sparse. Halcomb and Blackwell's 

(1969) ' reviev; of the vigilance literature found only 6 of 

72 8 studies which were concerned with special groups such 

as the brain damaged or mentally retarded. 

DeRenzi and Faglioni (1965) compared the efficiency 

of intelligence testing versus vigilance performance in 

discriminating between 139 control subjects and 166 patients 

with focal brain lesions. The vigilance task was found to 

show greater efficiency in discriminating between the two 

groups. 

Simmel (1965) administered a one hour vigilance task 

to a sample of 42 educable retarded and 42 average IQ 

children. The retarded subjects demonstrated lower overall 

vigilance scores, poorer performance at each temporal point 

during the task, and an earlier and more rapid vigilance 

decrement than the average subjects. 
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Gulian (1970) studied changes in arousal level 

expressed through EEG parameters which were followed up 

simultaneously with performance in an auditory vigilance 

task under different noise conditions. It was found that 

in 15 adult subjects, ranging on a continuum from, hyper

reactivity to hyporeactivity, hyporeactive Ss were aroused, 

whereas hyperreactive Ss were under aroused. Statistically 

significant differences were found between number of omis

sions of the two groups under most experimental conditions. 

Number of detections varied only slightly in hyporeactive, 

but described an inverted-U relation as a function of noise 

in hyperreactives. 

The use of the vigilance task by Anderson, Halcomb, and 

Doyle (1973) in the examination of attentional deficits of 

LLD children built upon the work reported by Dykman et al. 

(1971). Dykman developed a motor impulsivity task in which 

the subject was required to respond to a green light which 

was flashed on at intervals by depressing a telegraph key. 

In the experimental chamber a number of task irrelevant 

white lights were flashing on and off, serving as visual 

noise. Overall, it was found that the children with minimal 

brain dysfunction had larger response latencies and made 

more errors than the control subjects. Dykman stated that, 

organically based deficiencies in attention explain 
the poor performance, slower reaction times, the 
lower amplitude contingent negative variation wave. 
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and the decreased physiological reactivity of learning 
disability children in learning situations [p. 82]. 

In his treatment of LLD children, Dykman (19 71) made 

the same distinction as Luria (1961) between hyperactivity 

and hypoactivity levels. Hyperactive LLD children were 

defined to be overattentive to their environment, while 

hypoactive ones were underattentive. Dykman pointed out 

that the net effect of over or under attention on perfor

mance was the same: 

The hyperactive child is thus poor in tasks requiring 
attention-in (mental arithmetic) because he is so 
distractible, reacting even to familiar irrelevant 
stimuli. The hypoactive child also performs inade
quately in mental arithmetic, but because he does 
not attend to the statement of the problem in the 
first place. Hyperactives tend to switch out and 
hypoactives tend to switch in to too many familiar 
stimuli [p. 82]. 

Dykman then hypothesized that hyperactive LLD children 

are weak in inhibition, habituate slowly to novel stimuli 

and show considerable spontaneous recovery of extinguished 

responses. Hypoactive children are assumed to be opposite 

in all these characteristics, i.e., strong in inhibition, 

fast habituation to novel stimuli, and fast extinction. 

Dykman pointed out that his suppositions coincided 

with those of Luria (1961) , who, drawing on work conducted 

in his laboratories on the regulatory role of speech on 

motor reactions, hypothesized weak inhibitory processes 

in the excitatory child. Luria pointed to experiments 
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conducted by Homakaya, which showed the verbal reaction of 

both excitable and inhibitable children to be fully effec

tive in all cases where the motor reactions proved to be 

disrupted. Homakaya then combined the motor and verbal 

reactions of the child by asking him to react to each 

signal with the corresponding verbal response, while at 

the same time producing the required motor reaction or 

abstaining from it. The results of many such similar 

experiments reported by Luria (1961) resulted in a dramatic 

decrease in the number of disinhibited reactions. " . . . 

but as soon as we exclude speech and pass again to isolated 

motor reactions, disinhibition of the motor reaction again 

reappears." 

Luria (1961) then proposed the presence of weak, 

inhibitory processes in the excitatory child and the con

verse in the inhibited child: 

The end effect of excessive excitation or inhibi
tion on school performance is the same, that is, 
children of both subtypes fail to keep pace with 
their classmates [p. 46]. 

Anderson, Halcomb, and Doyle (1973) felt that Dykman's 

(1971) task could be readily fitted into the vigilance 

paradigm, " . . . since the only requirement for achieving 

a performance at a near perfect level is maintaining atten

tion on the task." The authors pointed out that the 

observer has to be alert almost continuously in the vigi

lance task in order to be able to detect and report all 
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signals, " . . . and detection failures can be identified 

with failures of attention." 

Anderson, Halcomb, and Doyle (1973) used 30 learning 

disabled boys and 30- control boys with the aim of deter

mining if Dykm.an's findings regarding differences betv;een 

LLD's and normal controls could be replicated on an experi

mental vigilance task. The authors found on the basis of 

two one-way analysis of variance that the groups differed 

on correct detections at the .01 level of significance and 

on false alarms at the .05 level: 

That is, the L.D.'s as a group made fewer correct 
detections with a higher false alarm rate. Not 
only did they have a harder time paying attention 
to monotonous tasks, but they responded to extra
neous and task irrelevant stimuli at a higher rate 
than the controls [p. 24]. 

The 30 learning disabled children were then divided 

into three groups of 10 boys each, on an activity level 

dimension, i.e., hyperactive, normoactive and hypoactive. 

The authors found that hyperactive learning disabled 

children made fewer correct detections than the hypo

active and normoactive youngsters. The hyperactive chil

dren also made more false alarms than either of the two 

groups. 

The activity dimension appeared to be on a con
tinuum with the hyperactive children being more 
subject to attentional deficits, the hypoactive 
children showing some deficit but not as much, 
and the normoactive children manifesting near 
correct performance [p. 538]. 
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The authors concluded that " . . . preliminary results 

suggest that a technically sophisticated yet simple pro

cedure has been isolated for the experimental analysis 

of attentional deficits." Support also was found for 

Luria (1959, 1961) and Dykman (1971) in their finding of 

weak inhibitory processes in the hyperactive child with 

a consequent increase in impulsive behavior. 

Anderson, Halcomb, Gordon, and Ozolins (1974) utilized 

the vigilance task to measure the effects of medication on 

attentional deficits of hyperactive children. The results 

indicated that hyperactive children between the ages of six 

and eight committed significantly more correct detections 

while on medication (Ritalin, Dexadrine, or Benzedrine) than 

when off. The false alarm variable did not discriminate 

between the drug conditions and the authors speculated that 

" , . . false alarms may not provide as sensitive a measure 

as correct detections." 

Statement of the Problem 

The purpose of the present study was to provide a 

test of Dykman and Luria's inhibition theory from the 

framework provided by Chinn and Alluisi in the vigilance 

task. It should be remembered that Chinn and Alluisi's 

findings indicated that KR of false alarms led to a more 

cautious performance, while KR of correct detections led 
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to an increased sensitivity. It was expected that the 

hyperactive child would benefit most from KR of false 

alarms which thus should lead to a build up of inhibition 

(precisely what he is lacking according to Dykman and 

Luria). Conversely, the hypoactive child should benefit 

most from KR of correct detections since this should result 

in a decrease in inhibition and an increase of excitation 

(increased sensitivity). On the other side of the coin, 

it seemed evident that KR of false alarms would prove most 

detrimental to the hypoactive child insofar as the result 

should be an augmentation of an already excessive level of 

inhibition. KR of correct detections for the hyperactive 

child should likewise prove detrimental insofar as an 

already excessive level of excitation would be further 

incremented. 

Specifically, the author was interested in providing 

a test of the following research hypotheses: 

1. When receiving KR of false alarms, hyperactive 

children should miss fewer signals and commit 

fewer false alarms than when receiving KR of 

correct detections. 

2. When receiving KR of false alarms, hypoactive 

children should miss more signals and commit 

fewer false alarms than when receiving KR of 

correct detections. 



CHAPTER II 

METHOD 

The Vigilance Task was used as a measure of attention. 

Each hyperactive and hypoactive child v/ith a learning dis

ability was given knowledge of results of correct detections 

(KR+) and knowledge of results of false alarms (KR-) in an 

attempt to alleviate their attentional deficits when re

ceiving no knowledge of results (NKR). The entire experi

mental task was under computer control and took place in the 

Engineering Psychology Laboratory, Texas Tech University. 

Subjects 

The subjects were 40 children ranging in age from 6 

years 0 months to 10 years 11 months who were enrolled in 

resource room classes of the Lubbock Public Schools, St. 

Christopher's School, and Heritage Hall Private School, 

Lubbock, Texas. 

Letters were sent to parents of children between the 

ages of 6 and 11 years who were diagnosed by the Lubbock 

Public School System as having a learning disability. The 

letter (see Appendix B) described the research program 

being conducted at Texas Tech University. A permission 

slip was enclosed which the parents were asked to sign 

regarding their child's participation in the research. Out 

of 234 permission slips sent out to parents of children 
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in the public schools, 84 affirmative replies were obtained. 

The 84 children were categorized into one of three 

activity levels: hyperactive, normoactive, or hypoactive. 

Activity level rankings were based on parent and elementary 

school counselor verbal reports. The parents, counselors, 

and teachers were asked if they felt that the child was, 

in general, much more active, about the same, or not at 

all as active as other children of the same age. If there 

was disagreement between parent and counselor ratings con

cerning the child's activity level, a third ranking was 

obtained by observing the child through a one-way mirror 

during the first experimental session. These ratings were 

obtained from graduate students using the above criterion 

of the parents-counselors, and who were not personally in

volved in the project. The child was then classified into 

the category decided upon by two out of the three observers. 

A child on medication was not ranked. 

An additional group of subjects was obtained from 

St. Christopher's School and Heritage Hall Private School. 

In addition, an article which described the ongoing research 

program was published in a local newspaper. The article 

requested parents to contact the examiner if they wanted 

their child to participate in the study. A total of 47 

subjects were obtained from these sources. Out of the total 

population of 131 children, 65 were categorized as either 
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hyperactive or hypoactive, 43 hyperactive and 22 hypoactive. 

Twenty hyperactive and 2 0 hypoactive children were then 

drawn at random from the population of subjects. 

Intelligence test scores, reading level scores and 

perceptual-m.otor development scores were obtained for each 

child from the school records. In those cases where scores 

could not be obtained in any one, or all areas, the experi

menter administered either the Slosson Intelligence Test 

for Children and Adults (1963) , Slosson Oral Reading Test 

(1963) or the Bender-Gestalt Visual Motor Test (1963). 

The Bender was scored according to the Koppitz system (1963), 

In the experimental population of hyperactive children, 

there were 14 boys and 6 girls, while the hypoactive group 

was composed of 12 boys and 8 girls. Table 1 presents a 

summary of demographic variables related to the experimental 

population. 

TABLE 1 

DEMOGRAPHIC DATA OF EXPERIMENTAL POPULATION 

Hyperactive Hypoactive 

Mean S.D. Mean S.D 

ou T • n TV 9 yrs. TO 8 yrs. .^ ^^^ Chronological Age ^ -^ 18 mos. ,^ r,̂ ^ 15 mos, ^ ^ 3 mos. 10 mos, 

IQ 100.60 12.75 94.80 11.89 

Reading Level 2.83 2.35 2.72 1.86 

Bender Gestalt 6.41 2.21 6.40 2.44 
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Apparatus 

The subject's task was to monitor a visual display for 

30 minutes in order to detect periodic signals against a 

background of regularly occurring events. The display con

sole (see Figure 1) was housed in a booth approximately 

4' by 4'. The booth was carpeted, air-conditioned and had 

indirect lighting. A pleasant, carpeted waiting room 

served as the entry way where the child's parents could 

sit and wait while the experiment was in progress. 

The child was instructed to observe tv/o flashing lights 

which appeared on a panel in front of him. The lights 

flashed in combinations of red-red, green-green or red-

green at a rate of one flash every two seconds for a two-

tenth of a second duration. A response button mounted in 

a bicycle handle bar grip was connected to the display 

console by a wire two feet long. The subject could hold 

the grip in either hand and was not required to maintain 

a certain position in order to make a response, A chair 

was provided inside the booth. 

During the 30 minute experimental session, a total of 

900 red-red, green-green or red-green combinations were 

presented, out of which 60 were red-green. The red-green 

combination was presented on a variable-ratio 15 schedule, 

with a total of 10 red-green combinations appearing every 

5 minutes. 
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Fig. 1. The d i sp lay console . 
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A 70 decible, 1000 or 1800 Hertz tone served as KR. 

The auditory tone had a duration of 0.5 seconds and was 

generated by a BRS Foringer Audio Oscillator connected to 

a speaker housed out of sight beneath the display console. 

A second speaker, similarly housed, was connected to a 

Sony Cassette recorder. The entire sequence of flashing 

lights and KR presentation was controlled by a Digital 

Equipment Corporation PDP-8/e Digital Computer. 

Dependent Variables 

The dependent variables examined were as follows: 

(1) total number of correct detections for the 30 minute 

experimental session; (2) number of correct detections per 

each five minute interval of the experimental session; (3) 

latency of each correct detection response; (4) total number 

of false alarms for the 30 minute experimental session; and 

(5) number of false alarms per each 5 minute interval of 

the experimental session. 

A correct detection was defined as pressing the 

response button to the red-green stimulus combination. 

Correct detection latencies were measured to the nearest 

hundredth of a second by the PDP-8/e Digital Computer. 

Design 

A split-plot analysis of variance design (SPF-p*qr) 

was used (Kirk, 1968). The between subjects variable was 
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the two differing activity levels (hyperactive and hypo

active) . The within subjects variables were three different 

types of KR and six 5 minute intervals; all cells contained 

20 subjects. The sequence of administration of the re

peated treatm.ent levels (KR) in comJDination v/ith one level 

of the nonrepeated treatment (activity level) was randomized 

independently for each block. The frequencies of the audi

tory KR were counterbalanced between subjects. 

Procedure 

Each child was exposed to all KR conditions, one per 

week, over a 3 week period. 

At the outset of each session, the child and the 

experimenter entered the chamber together and the child 

was seated in front of the display console. The experi

menter then explained that a 5 minute practice session would 

begin in which the child could familiarize himself with the 

task. The experimenter stayed in the booth with the child 

until a criterion of four consecutive correct detections 

without a false alarm was reached. Instructions to the 

child were not standardized at this point due to the great 

amount of variability in the degree and type of instruction 

needed to ensure that each child understood the task and 

meaning of the feedback. A second 5 minute practice session 

was begun if the child did not reach criterion in the first 
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practice session. If criterion was still not reached, the 

child was not used in the study. All children were able to 

reach criterion. At the end of the practice session, the 

child was asked if he wished to go to the restroom or get 

a drink of water before he continued. 

When the child was ready to continue, he was seated 

in the booth and told that a voice would tell him what to 

do in a few seconds. The experimenter then left the room 

and the instructions were played through an audio cassette 

tape recording into a loudspeaker in the experimental 

chamber. If the child was receiving NKR the instructions 

were: 

Very good. Now we just want you to do the same 
thing that you did before, but this time for 30 
minutes; okay? Remember, if at any time you don't 
feel well, or want to leave for any other reason, 
just knock on the door. Now, just like before, 
press the button if you see a red and a green light 
flash side by side, but don't press it if you see 
a green with a green or a red with a red, okay? 
All right, here we go. 

If the child was receiving KR of correct detections the 

instructions were: 

Very good. Now we just want you to do the same thing 
that you did before, but this time for 30 minutes, 
okay? Remember, if at any time you don't feel well, 
or want to leave for any other reason, just knock 
on the door. Now, just like before, press the button 
if you see a red and green light flash side by side, 
but don't press it if you see a green with a green 
or a red with a red. If you hear the tone after you 
pressed the button, that means you did it just right, 
okay? All right, here we go. 
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If the child was receiving KR of false alarms the instruc

tions were: 

Very good. Now we just want you to do the same 
thing that you did before, but this time for 30 
minutes, okay? Remember, if at any time you don't 
feel well or want to leave for any other reason, 
just knock on the door. Now just like before, press 
the button if you see a red and a green light flash 
side by side, but don't press it if you see a green 
with a green or a red with a red. If you hear the 
tone after you pressed the button, that means you 
made a mistake, okay? All right, here we go. 

After the instructions were given, a 30 minute white-

noise recording was played during the experimental session. 

No attempt was made to keep a child in the booth 

against his will, and the run was terminated if a youngster 

wished to leave. All of the hypoactive children completed • 

the three experimental sessions. Four hyperactive children 

either quit in the middle of a session or did not appear 

for future sessions. Their data were not used, and four 

other children were drawn at random from the available 

population of hyperactive children. 

After the child had completed the three sessions he 

was given a Certificate of Appreciation (see Appendix C). 



CHAPTER III 

RESULTS 

The aim of the study was to explore if hyperactive and 

hypoactive children perform differentially when receiving 

knowledge of correct detection results (KR+) and knowledge 

of results of false alarms (KR-), but that they would not 

do so when deprived of knowledge of results (NKR). The 

basic statistical technique used was a split-plot analysis 

of variance (SPF p-qr; Kirk, 1968). Nonparametric techniques 

were used in addition to the F test when homogeneity of 

variance was not obtained. 

The data collected consisted of the total number of 

signals correctly detected over the 30 minute experimental 

session, the total number of correct detections during each 

5 minute interval of the experimental session, the reaction 

time of each correct detection, the total number of commis

sive errors (false alarms) and the number of errors by 5 

minute intervals. All of the graphs reflect the raw data 

results, A test for homogeneity of variance of the false 

alarm data revealed a significant Fmax test (Kirk, 1968). 

These data could not be transformed into a homogeneous 

distribution; consequently, Friedman's two-way analysis of 

variance (a median test) was used on the data, in addition 

to the F statistic, as a check for the influence of extreme 
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scores. The rationale for using parametrics despite lack 

of homogeneity was based on the robustness of the F test 

with equal cell sizes (Kirk, 1968; Cohen, 1965) and the 

writer's interest in possible interaction effects. 

The Tang procedure (Kirk, 196 8) was used to calculate 

power at the .05 level for each treatment effect, as shown 

in Table 2. It can be seen that the split-plot factorial 

design resulted in higher power for the within group 

treatments than for between groups. 

TABLE 2 

POWER FOR CORPJECT DETECTIONS, FALSE 
ALART^S AND REACTION TIME 

Condition 
Correct 

Detections 

.61 

.75 

.23 

.86 

.46 

.10 

.12 

False 
Alarms 

.58 

.66 

.24 

.92 

.48 

.10 

.18 

Latencies 

.63 

.72 

,27 

.84 

.52 

.14 

.16 

A - Activity Level 

B - Type of KR 

A X B 

C - Time Intervals 

A X C 

B X C 

A X B X C 
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Correct Detections 

Table 3 shows the results by activity level across 

the KR conditions. The results of the split-plot analysis 

of variance are summarized in Table 4. No significant 

difference was found for activity level. A significant 

treatment effect (F = 5.832, df 2/76, p < .01) and inter

action between treatment and activity Ifevel (F = 5,855, 

df 2/76, p < .01) was found. This interaction is graphed 

in Figure 2. An analysis of the simple main effects (Kirk, 

196 8) v/as performed to clarify the nature of the interaction; 

the summary of this analysis is shown in Table 5. 

Group 

TABLE 3 

TOTAL CORRECT DETECTIONS FOR HYPERACTIVE AND 
HYPOACTIVE CHILDREN 

Knowledge of Results 

NKR KR+ KR-

Hyperactives 

Mean 41.20 46,60 48,65 

S.D. 14.40 14.34 10.68 

Hypoactives 

Mean 3 7 . 3 5 4 6 . 0 5 3 4 . 2 5 

S . D , 1 5 . 9 3 1 1 . 8 4 1 5 . 7 9 
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TABLE 4 

ANALYSIS OF VARIANCE SOURCE TABLE 
FOR TOTAL CORRECT DETECTIONS 

Source df MS F 

BetV7een Subjects 

A - Activity level 1 1178.13 3.00 

Subjects within groups 38 14914.80 

Within Subjects 

B - Types of KR 2 521.37 5,83* 

A X B 2 523,34 5,86* 

B X Subjects within groups 76 89.38 

*£ < .01, 
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activity level and KR. 
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TABLE 5 

SIMPLE MAIN EFFECTS FOR AB TREATMENT GROUPS 
CORRECT DETECTIONS 

Source df MS 

Between Groups 

A - Activity level 

Between A at bl 

Between A at b2 

Between A at b3 

Error 

1 

1 

1 

114 

148.23 

3.03 

2073,60 

180,77 

0,82 

0.02 

11.47 

Within Groups 

B - Types of KR 

Between B at al 

Between B at a2 

A 

Error 

*E 
**p 

X 

< 

< 

B 

.05. 

.01. 

2 

2 

2 

76 

296.22 

748,47 

523. 34 

89.38 

3,31* 

8.37** 

5.86** 
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The simple main effects analysis indicated that hyper

active children obtained significantly more correct detec

tions than did hypoactives under KR- (F = 11.470, df 1/114, 

£ < ,01). Within groups, the analysis pointed to signifi

cant differences for both hyperactive (F = 3.314, df 2/76, 

p < .01) and hypoactive (F = 8.373, df 2/76, p < ,01) 

children across the differing types of KR, The Tukey HSD 

statistic showed that hyperactive children obtained signif

icantly fewer correct detections under NKR than they did 

either under KR+ (q = 3,61, df 3/76, p < ,05) or KR- (q = 

4,98, df_ 3/76, p < .01), Hypoactive children obtained 

significantly more correct detections under KR+ than they 

did either under NKR (q = 5.82, df 3/76, p < .01) or KR-

(q = 7,89, df 3/76, £ < ,05), 

Correct Detections Across Time 

Table 6 presents a breakdown of the 30 minute experi

mental session into six consecutive 5 minute periods, in 

addition to the already analyzed AB interaction. Although 

the ABC interaction was not significant. Figures 3, 4, and 

5 were presented for the sake of clarity. 

Figure 6 presents the mean correct detections across 

time. The Tukey HSD statistic indicated that significantly 

fewer correct detections were made in the last 10 minutes 

of the experimental session when compared to the first 15 

minutes. 
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TABLE 6 

ANALYSIS OF VARIANCE SOURCE TABLE FOR CORRECT 
DETECTIONS BY TIME INTERVALS 

Source df MS 

Between Subjects 

A - Activity level 

Subjects within groups 38 

168,20 

64.26 

2.62 

Within Subjects 

B - Types of KR 

A X B 

B X Subjects within groups 

C - 5 min. intervals 

A X C 

C X Subjects within groups 

B X C 

A X B X C 

BC X S u b j e c t s w i t h i n g r o u p s 

2 

2 

76 

5 

190 

10 

10 

380 

9 9 . 2 9 

5 6 . 7 8 

1 6 . 3 3 

3 9 . 1 5 

0 . 6 8 

2 . 8 8 

1 .56 

3 , 0 8 

2 . 5 6 

6 . 0 8 * * 

3 , 4 8 * 

1 3 . 5 8 

0 . 2 3 

0 . 6 1 

1 .20 

* * £ < . 0 1 . 

*£ < . 0 5 , 

jfM& TEuit umm\ 
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Reaction Time 

The mean correct detection latencies for each of the 

experimental conditions are presented in Tables 7 and 8. 

Analysis of variance was carried out on the latency data. 

The analysis is presented in Table 9; it indicates the 

significant effect of time on correct detection reaction 

time (F = 13.155, df 5/190, £ < ,01). 

TABLE 7 

CORRECT DETECTION LATENCIES FOR HYPERACTIVE CHILDREN 

Knowledge of Results 
Minutes Mean 

NKR KR+ KR-

5 

10 

15 

20 

25 

30 

7 8 . 8 7 

8 3 . 5 0 

8 9 , 9 7 

9 3 , 6 3 

9 8 , 6 7 

9 3 , 6 8 

7 5 . 1 3 

8 4 . 4 6 

8 7 . 9 5 

9 1 , 5 7 

9 8 , 7 4 

9 4 , 7 0 

7 8 . 6 2 

8 6 . 6 1 

9 3 . 5 6 

9 5 . 7 7 

9 7 . 8 4 

9 8 , 2 4 

7 7 , 5 4 

8 4 . 86 

9 0 . 4 9 

9 3 , 6 5 

9 8 , 4 2 

9 5 , 5 4 

Mean 89,72 88,76 91,77 
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5 

10 

15 

20 

25 

30 

TABLE 8 

CORRECT DETECTION LATENCIES FOR 
HYPOACTIVE CHILDREN 

Knowledge of Results 
Minutes Mean 

NKR KR+ KR-

7 7 . 4 4 

8 9 . 8 5 

9 4 . 3 2 

9 5 . 2 9 

1 0 0 . 1 8 

1 0 9 . 7 0 

8 2 . 5 9 

9 0 . 9 4 

9 5 . 40 

8 8 . 2 6 

9 6 . 8 8 

1 0 2 . 1 9 

8 3 . 8 9 

9 2 . 82 

8 9 . 1 9 

1 0 0 . 7 3 

8 5 . 0 4 

8 2 . 9 3 

8 1 . 31 

9 1 . 2 0 

9 2 . 9 7 

9 4 . 7 6 

9 4 . 0 3 

9 8 . 2 7 

Mean 94.46 92.71 89.10 
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TABLE 9 

ANALYSIS OF VARIAl^CE SOURCE TABLE FOR 
CORRECT DETECTION LATENCIES 

Source df MS 

Between Subjects 

A - Activity level 1 809.00 0.22 

Subjects within groups 38 3700.55 

Within Subjects 

B - Types of KR 

A X B 

B X Subjects within groups 

C - 5 min. intervals 

A X C 

C X Subjects within groups 

B X C 

A X B X C 

BC X Subjects within groups 

2 

2 

76 

5 

5 

190 

10 

10 

380 

243.50 

973.00 

1449.49 

5210.40 

373.20 

396.07 

538.20 

592.40 

518.80 

0.17 

0.67 

13.16** 

0,94 

1.04 

1.14 

* * p < .01. 
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The significant time effect on latencies is presented 

graphically in Figure 7. 

A trend analysis for latencies across time was 

calculated (Kirk, 1968). The results showed a significant 

linear trend across time (F = 44.57, df 1/114, £ < ,01) 

with no significant departure from linearity (F = 1.40, 

df 4/114). 

False Alarms 

Table 10 shows the obtained results by activity level 

across the KR conditions. Friedman's two-way analysis of 

variance showed a significant effect of feedback on the 

total amount of false alarms committed by hyperactive 
2 

children {r_ =9.10, d£ 2, £ < .01), but not by hypoactives 
2 

(£ = 4.47, d± 2, N.S.). Specifically, for hyperactive 

children, the Wilcoxon matched-pairs signed-ranks test 

revealed significantly more false alarms under KR+ than 

under either NKR (T= 27.5, N = 17, £ < .02) or KR- (T = 24 

24.8, N = 18, £ < .05). Between groups, the Mann-Whitney 

U test revealed a significant difference between the amount 

of false alarms committed by hyper- and hypoactive children 

under KR+ (r̂  = 2.52, £ < .01). 

The total false alarm results also were analyzed by 

the F statistic. These results are summarized in Table 11. 
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Hypoactive 

TABLE 10 

TOTAL FALSE ALARMS 

NKR 

KR+ 

KR-

59 

Knowledge of Results 
Group Median 

Mean S.D. 

Hyperactive 15.25 21.90 6.50 

Hypoactive 20.80 27.12 2.75 

Hyperactive 30.75 39.33 14.50 

Hypoactive 14.60 27.71 2.00 

Hyperactive 9.90 14.31 4.50 

6.75 9.50 1.50 
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TABLE 11 

ANALYSIS OF VARIANCE SOURCE TABLE 
FOR TOTAL FALSE ALARMS 

Source df MS F 

Between Subjects 

A - Activity level 1 603.01 0.49 

Subjects within groups 38 1220.18 

Within Subjects 

B - Types of KR 2 2234.53 6.31** 

A X B 2 1158.23 3.27* 

B X Subjects within groups 76 354.11 

**£ < .01. 

*£ < .05. 

No significant difference was found for activity 

level (power = .65). A significant treatment effect (F = 

6.31, d£ 2/76, £ < .01) and interaction between treatment 

and activity level (F = 3.27, df 2/76, £ < .05) were found 

This interaction is graphed in Figure 8. An analysis of 

the simple main effect (Kirk, 196 8) was performed to clarify 

the nature of the interaction; the summary of this analysis 

is shown in Table 12. 
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TABLE 12 

SIMPLE MAIN EFFECTS FOR AB TREATMENT GROUPS 
FALSE ALARMS 

Source df MS 

Between Groups 

A - Activity level 

Between A at bl 

Between A at b2 

Between A at b3 

Error 

1 

1 

1 

114 

308.03 

2512.23 

99.23 

642.80 

0.47 

3,90** 

0.15 

Within Groups 

B - Types of KR 

Between B at al 

Between B at a2 

A X B 

Error 

**£ < .01, 

*£ < .05. 

2 

2 

2 

76 

4788.10 

1997.44 

1158.23 

354.11 

13.52** 

5.64** 

3.27* 

The simple main effects analysis indicated that hyper

active children committed significantly more false alarms 

than hypoactives under KR+. Within groups, the analysis 
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pointed to significant differences for both hyperactive 

(F = 13.52, d£ 2/76, £ < .01) and hypoactive (F = 5.64, 

df_ 2/76, £ < .01) children across the differing types of 

KR, The Tukey HSD statistic showed that hyperactive chil

dren committed significantly more false alarm.s under KR+ 

than either under NKR (q = 5.2 77, df 3/76, £ < .01) or KR-

(q = 7.076, df̂  3/76, £ < .01). Hypoactive children commit

ted significantly fewer false alarms under KR- than they 

did under NKR (q = 4.725, df 3/76, £ < .05). 

Thus, the only difference between the parametric and 

nonparametric analysis was the parametric finding of 

significantly fewer false alarms by hypoactive children 

under KR-. The influence of extreme false alarm scores on 

the parametric analysis must be considered in interpreting 

this apparent contradiction. 

False Alarms Across Time 

Table 13 presents a breakdown of the 30 minute 

experimental session into six consecutive 5 minute periods, 

in addition to the already analyzed AB interaction. Although 

the ABC interaction was not significant. Figures 9, 10 and 11 

were presented for the sake of clarity. 

The significant time effect (F = 2.578, df 5/190, 

£ < .05) is presented in Figure 12. The Tukey HSD statistic 

indicated significantly more false alarms occurring in the 

last five minute session than in the first five minutes. 
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TABLE 13 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
FALSE ALARI4S BY TIME INTERVALS 

Source df MS F 

Between Subjects 

A - Activity level 1 54.45 0.35 

Subjects within groups 38 154.31 

Within Subjects 

B - Types of KR 2 237.33 5,26** 

A X B 2 111.46 2.47 

B X Subjects within groups 76 45.14 

C - 5 min. intervals 5 18.59 2.58* 

A X C 5 10.59 1.47 

C X Subjects within groups 190 7,21 

B X C 10 8.59 1.23 

A X B X C 10 5.37 0.77 

BC X Subjects within groups 380 7.01 

**£ < .01. 

*£ < .05. 
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Total Errors 

To obtain an overall index of performance efficiency, 

correct detection and false alarm scores were collapsed 

into a single error score. For example, if a child ob

tained 50 correct detections and 10 false alarms, he was 

given an error score of 20 (10 missed correct detections 

and 10 false alarms). The analysis of these data is pre

sented in Table 14. No significant difference was found 

for activity level. Power for this condition was .38. A 

significant treatment effect (F = 4.41, df_ 2/76, £ < .01) 

and interaction between treatment and activity level (F = 

6.46, df̂  2/76, £ < .01) were found. This interaction is 

graphed in Figure 13. An analysis of the simple main 

effect (Kirk, 19 6 8) was performed to clarify the nature 

of the interaction; the summary of this analysis is shown 

in Table 15. 

The simple main effects analysis indicated that 

hyperactive children committed significantly more errors 

under KR+ than did hypoactives (F = 3.91, df_ 1/114, £ < .05) 

Within groups, the analysis pointed to significant differ

ences for both hyperactive (F = 7.43, d£ 2/76, £ < .01) 

and hypoactive (F = 3.45, df 2/76, £ < .01) children across 

the differing types of KR. The Tukey HSD statistic showed 

that hyperactive children committed significantly more 

errors under KR+ than under NKR (q = 3.42, df 3/76, £ < .05) 



70 

and significantly fewer errors under KR- than under NKR 

(q = 4.43, df 3/76, £ < .01). The difference between KR+ 

and KR- performance for hyperactive youngsters also was 

significant (q = 7.76, d£ 3/76, £ < .01). 

The Tukey HSD statistic showed hypoactive children 

committed significantly fewer errors under KR+ than they 

did under NKR (q = 5.13, df 3/76,_£ < .01). Errors under 

KR- also were significanly fewer than under NKR (q = 3.71, 

df 3/76, £ < .01). Total errors committed by hypoactive 

children did not differ significantly between KR+ and KR-

(q[ = 1.42, df_ 3/76). Power for this condition was .43. 

TABLE 14 

ANALYSIS OF VARIANCE SOURCE TABLE 
FOR TOTAL ERRORS 

Source df MS 

Between Subjects 

A - Activity level 

Subjects within groups 

1 

38 

76. 80 

1215.15 

N.S 

Within Subjects 

B - Types of KR 

A X B 

B X Subjects within groups 

2 

2 

76 

1565.40 

2292.35 

354.65 

4.41* 

6.46* 

*£ < .01, 
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SIMPLE MAIN EFFECT FOR AB TREATMENT GROUPS 
TOTAL ERRORS 

72 

Source df MS 

Between Groups 

A - Activity level 

Between A at bl 

Between A at b2 

Between A at b3 

Error 

1 

1 

1 

114 

863.55 

2512.25 

1265.65 

641.48 

1.37 

3.91 

1.97 

Within Groups 

B - Types of KR 

Between B at al 

Between B at a2 

A X B 

Error 

2 

2 

2 

76 

2634.17 

1223.55 

2292.35 

354.65 

7,43** 

3,45** 

6.46** 

*£ < .01. 



CHAPTER IV 
» 

DISCUSSION 

Mackworth (196 8) pointed out that despite several 

years of discussion concerning the theory of arousal in 

relation to vigilance, little direct evidence existed which 

related to changes in physiological measures of activation, 

the arousal effect of a signal, or other experimental vari

ables. At the same time both educators and psychologists 

have questioned the utility of a diagnostic framework for 

learning disabilities focused on physiological etiology 

insofar as such an understanding had very little to offer 

in the area of remediation for children with learning 

disabilities. In fact, Hanvik (1966) and Hewett (1968) 

argued that the question of injury or damage to the brain 

is academic. In settings where pragmatic concerns dominate, 

such as in the classroom, the behavioral characteristics of 

the learning disabled child are the most crucial, ", , . the 

child may in fact have suffered insult to the brain, but it 

is not this fact that answers the practical methodologic 

question [Hanvik, 1966]," 

The results found in the present study bear upon these 

problems insofar as they raise three questions: 

1. What are the implied characteristics of cerebral 
reactivity of hyperactive and hypoactive children 
with learning disabilities? That is, can any 

73 
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assumptions about cerebral reactivity be drawn 
from the behavioral observations of hyperactivity 
and hypoactivity in children? 

2, What are the implied characteristics of cerebral 
reactivity under differing types of auditory 
feedback (KR)? That is, can assumptions about 
cerebral reactivity explain and predict the per
formance of hyperactive and hypoactive youngsters 
when receiving information of results (KR) ? 

3, What implications for remediation can be drawn 
from the respective reactivity levels of hypo
active and hyperactive children with learning 
disabilities? 

Characteristics of Cerebral Reactivity 

The rationale for this study stemmed from the assump

tion that hyperactivity and hypoactivity are behavioral 

manifestations of cerebral over- and under-inhibition 

(Dykman et al,, 1971; Luria, 1961). Mackworth (1968) 

connected the concept of inhibition to arousal when she 

pointed out that the vigilance decrement was related to 

two types of innate neural responses: (1) an arousal 

response, or alpha blocking, which occurs in the sponta

neous brain rhythms; and (2) the evoked potentials pro

duced by the stimuli. In effect, Mackworth stated that 

the vigilance decrement is caused by decreased arousal, 

which is the result of over inhibition. 

Several psychophysiological investigations carried 

out during recent years support the view that a certain 

arousal level is necessary to attain maximal efficiency 

of vigilance behavior (Gulian, 1970). Gulian found that 
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a high arousal in hyperactive subjects impaired their per

formance in that they seemed to respond to many nonrelevant 

stimuli and failed to respond to the relevant ones. A low 

arousal level was found to be more beneficial for vigilance 

performance. 

The results of the present study also indicated that 

the assumption of over- and under-inhibition had both pre

dictive and explanatory power in dealing with the responding 

of hyperactive and hypoactive children. The results showed 

that the same sensory input (KR), acting in a similar manner 

on cerebral reactivity, led to a differential responding 

which could be predicted from the child's basic reactivity. 

This conclusion is rather different than that taken by 

Gulian (19 70) who stated that " . . . the same sensory input 

act differentially on arousal level, according to individual 

basic reactivity." 

Cerebral Reactivity and KR 

In order to draw inferences about cerebral reactivity 

under the differing types of feedback used in the present 

study, it is necessary to first demonstrate that it was, 

in fact, cerebral reactivity or arousal which was manipu

lated by knowledge of results (KR) and consequently affected 

performance. Were changes in arousal, therefore, responsible 

for changes in performance, or did performance changes occur 

secondarily to some type of learning? 
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Correct Detections 

Three interpretations of KR are generally given: 

(1) it provides an increased informational input about the 

a priori signal probability (Baker, 1959); (2) it acts as 

a reinforcemtcnt for detections or whatever aspect of the 

task about which information is provided (Jerison et al., 

1965) ; and (3) it provides increased stimulation leading 

to a higher level of arousal (Deese, 1955). 

The total correct detection results under KR- are 

difficult to understand from either an informational or 

reinforcement interpretation. Neither framework can explain 

the differential responding of hyperactive and hypoactive 

children when receiving KR-. Hyperactive children made 

significantly more correct detections under KR- than did 

the hypoactive youngsters. 

The arousal theory of KR, however, would predict 

differential responding when it is integrated with Dykman 

and Luria's theory of differential cerebral reactivity in 

hypoactive and hyperactive youngsters. The assumption of 

over- and under-inhibition made by both Dykman and Luria is 

represented on Broadbent's (1963) inverted U paradigm of 

arousal (Figure 14), 

In terms of arousal, hypoactive children are physio

logically predisposed to function near point A (Figure 14) 

while hyperactive children function near point B. It can 
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be seen that either too low or too high a level of arousal 

decreases performance. 

B 
Arousal 

Fig. 14, Inverted U paradigm of arousal (Broadbent, 
1963). 

From the work of Chinn and Alluisi (1964) and Mackworth 

(1958) it was predicted that KR- would lead to an increase 

in inhibition. Correct detection performance under KR-

would thus, according to the arousal theory of KR, be a 

reflection of the hyperactive and hypoactive children's 

decrease in arousal through a buildup of inhibition. In

creased inhibition should only prove adaptive for the hyper

active child, however, because it would move him toward the 

center of the arousal curve (Figure 14) and thus increase 

performance. For the hypoactive child, who is already 



78 

overly inhibited, increased inhibition by KR- would bring 

the child to an even lower extreme of arousal, with a 

consequent lowering of performance. Thus, it is the 

child's innate or spontaneous arousal level which both 

determines and predicts performance under those feedback 

conditions which increase inhibition. 

The significantly higher total number of correct 

detections found for hypoactives under KR+ are also con

sistent with the arousal/inhibition theory. From the work 

of Chinn and Alluisi (1964) and Mackworth (1958) it was 

predicted that KR+ would decrease inhibition and result in 

a more liberal vigilance performance. From Figure 14 it 

can be seen that the increase in arousal would move the 

hypoactive youngster from point A to a more medial position 

on the arousal curve. The result should be, and was, an 

increase in performance. 

The obtained correct detection results for hyperactive 

children under KR+ are not by themselves consistent with 

the arousal/inhibition hypothesis. It was expected that 

an increase in arousal would prove detrimental to an already 

overly aroused child, and that a consequent drop in per

formance would occur. In fact, the very opposite happened. 

Hyperactive children made significantly more correct detec

tions under KR+ than they did under NKR. These results are 

more consistent with either a reinforcement or expectancy 

explanation of vigilance performance than they are with an 
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arousal/inhibition theory. In fact, the increased perfor

mance of hypoactive children under KR+ would be expected 

from reinforcement or expectancy theories, as well as from 

the inhibition/arousal theory. That is, under KR+ both 

groups of children showed an increase in correct detection 

performance, which is consistent with many authors who have 

suggested that all types of KR appear to have a positive 

effect on performance (Ammons, 1965; Belodeau & Belodeau, 

1961). It also should be noted that the arousal/inhibition 

theory had predicted decreased performance for the hypo

active child under KR- when compared to his performance 

under NKR. Although the obtained results followed the 

direction of this prediction, the obtained differences 

between performance under KR- and NKR for the hypoactive 

child were not significant. The relatively low power of 

,34 for this particular effect, however, makes interpre

tation of lack of results rather difficult. 

Thus, the assumptions made about the cerebral 

reactivity of hyperactive and hypoactive children predicted 

and explained the obtained results for between group perfor

mance under KR-, but not for KR+. Within groups, only 

partial support was found for Dykman and Luria's inhibition/ 

arousal theory. 

When the total correct detection results for the 

30 minute experimental session were broken down into six 
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5-minute intervals, the results indicated only a significant 

time effect. There was no interaction between type of KR, 

activity level or time. The extremely poor power of the 

F test for three-way interactions made any other result 

very improbable. 

Both hyperactive and hypoactive children committed 

significantly fewer correct detections in the last three 

5-minute intervals of the session, irrespective of type 

of KR or activity level. The effect of KR was thus one 

of either raising or lowering the absolute level of correct 

detection performance; however, the pattern of vigilance 

performance remained constant for both groups of children 

across time and types of KR. Again these data are somewhat 

difficult to interpret from either a reinforcement or expec

tancy framework in view of the fact that optimal performance 

always occurred during the first 5-minute time interval. 

The question is raised as to when the child had time to 

form the proper expectancies about signal probability, or 

become conditioned to emit correct detections. Although 

it could be argued that this learning was a function of the 

practice period, such logic would not explain the deterio

rating performances with each successive 5-minute period 

across the 30 minute experimental session. Learning 

theories would predict at least an amelioration of the 

performance decrement to occur as a function of KR. As 
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indicated above, however, the trend of the correct detection 

data was one of decreasing detections across time for all 

conditions, with only the absolute level of performance 

varying. The implied characteristics of cerebral reactiv

ity thus seemi to be characterized not only by differential 

arousal levels as a function of feedback, but also an 

arousal which with time becomes more and more nonadaptive. 

Both the buildup and decay of arousal seem to occur rather 

rapidly. 

Analysis of the correct detection latencies gave 

additional support for a consistently deteriorating course 

of cerebral reactivity. The correct detection latencies 

increased as a linear function of time, with response times 

becoming longer as the session continued. This trend of 

increasing latencies as a function of time was originally 

reported by McCormack (1959) and replicated by Wilkinson 

(1961). The interesting point is, however, that no matter 

what level of correct detection performance was achieved, 

the increase in latencies remained constant and mirrored 

the lowering of correct detections across time. 

The finding that latencies did not differ between 

activity levels, types of KR or in the interaction between 

activity level and KR suggests that when either hyperactive 

or hypoactive children respond, they respond in a similar 

fashion. Thus, the obtained differences in correct 
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detections apparently reflect differences in the overall 

attending behavior of the children, rather than specific 

differential responding. That is, once either a hyper

active or hypoactive child attends to the task, speed of 

responding is relatively similar. 

From the correct detection data, therefore, the 

implications for Dykman and Luria's inhibition theory are 

not clear cut, but seem to be pointing in the direction of: 

(1) arousal level can affect correct detection performance; 

(2) hyperactive children seem to benefit from an increase 

in inhibition; and (3) the optimal arousal level for learn

ing disabled children deteriorates more rapidly than that 

of a normal population. Once either a hypoactive or hyper

active child attends to the task, their responding becomes 

similar, 

A direct comparison with the arousal level of either 

a normal population of youngsters, or normoactive children 

with learning disabilities cannot be made from this study, 

as such groups were not used. The implication of deterio

rating arousal levels can be based only on the finding that 

KR did not result in a steady state of performance. 

False Alarms 

The false alarm results gave strong support for the 

arousal/inhibition theory of KR. The obtained results were 
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predicted and can be explained by Dykman and Luria's 

inhibition theory. 

The between group differences obtained under KR+ 

cannot, however, be understood from either a learning or 

expectancy framework. The fact that hyperactive children 

committed significantly more false alarms than hypoactives 

would, from a learning or expectancy framework, have to be 

explained by differential learning systems in the two groups 

of children; however, Dykman and Luria's inhibition theory 

would predict this very result. Figure 14 demonstrates 

that an increase in arousal should move the hyperactive 

child further toward point B and away from the optimal 

middle range of arousal. The predicted effect would be 

precisely what the results showed, namely a significant 

increase in false alarms. This rise in false alarms reflects 

the hyperactive child's augmented overreactivity to his 

environment and consequent inability to sustain attention. 

On the other hand the hypoactive child, when receiving 

an increase in arousal through KR+, is obtaining precisely 

that which he is lacking according to Dykman and Luria (see 

Figure 14). The predicted effect v/ould be that which the 

results showed, namely a decrease in false alarms. The 

decrease in false alarms under KR+ reflects the attenuation 

of the arousal deficit in hypoactive children since they 

received the necessary stimulation to attend and react to 
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their environment, while the hyperactive child became even 

more over aroused and even less able to attend than he was 

under NKR. It should be pointed out that the present 

interpretation of Dykman and Luria's arousal/inhibition 

theory had predicted decreased false alarms for both hyper

active and hypoactive children under KR-, when compared to 

their performance under NKR. Although the obtained results 

followed the direction of this prediction, the obtained 

differences between NKR performance and KR- were not sig

nificant for either group of children. Again, however, 

the relatively low power of ,34 makes the absence of the 

predicted result difficult to interpret, due to the high 

probability of a type II error. 

The assumptions made about the cerebral reactivity 

of hyperactive and hypoactive children thus predicted and 

explained much of the obtained false alarm results. Learn

ing or expectancy theory, on the other hand, can seemingly 

only interpret the results obtained under KR-, namely, a 

decrease in false alarms when the child received knowledge 

of results about his mistakes. 

When the total false alarm results for the 30 minute 

experimental session were broken down into six 5-minute 

intervals, the results indicated only a significant time 

effect. There was no interaction between type of KR, 

activity level or time. Both hyperactive and hypoactive 

children committed significantly more false alarms in the 
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last 5-minute interval of the session, irrespective of 

type of KR or activity level. The effect of KR was thus 

one of either raising or lowering the absolute level of 

false alarm performance, with this performance being con

stant and consistent for both groups across time. Again 

these data are difficult to interpret from either a rein

forcement or expectancy framework, for the same reasons 

that were cited in the discussion of the correct detection 

breakdown. That is, both theories would predict a rather 

steady state level of performance as a function of KR and 

not the obtained linearly increasing false alarms across 

time. 

The implications of the false alarm data thus support 

those drawn from correct detections. First, arousal level 

affects false alarm commission. Second, a decrease in 

inhibition is maladaptive for a hyperactive youngster. 

Third, optimal arousal level for learning disabled children 

deteriorates in a linear fashion across time, no matter 

what the initial arousal level of the child. 

Total Errors 

When the joint influence of correct detections and 

false alarms was combined into total errors, the differ

ential functioning of hyperactive and hypoactive youngsters 

became evident. 
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Hyperactive children committed significantly more 

total errors under KR+, and significantly fewer total 

errors under KR- than they did under NKR. This was the 

very prediction made from the author's interpretation of 

Dykman and Luria's theory. 

Hypoactive children, also as predicted, function most 

efficiently under KR+. It was expected, however, that the 

hypoactive youngster would prove to be least efficient 

under KR-. Although the number of errors made under KR-

was in the expected direction, the obtained results did 

not differ significantly from performance under either KR+ 

or KR-. Again, lack of power confounds any interpretation. 

These results also clarify the apparently contra

dictory finding that hyperactive children obtained signif

icantly more correct detections under KR+ when compared to 

their performance under NKR. It had been predicted that KR+ 

would prove detrimental to the attentive behavior of hyper

active children. The total error results reveal that in 

fact this is exactly what happened. The data indicate that 

while the hyperactive youngsters were signaling correctly, 

they were at the same time emitting significantly more 

false alarms. Under KR- hyperactive children were obtaining 

just as many correct detections as under KR+, but with 

significantly fev/er errors. The suggestion is that under 

KR+, hyperactive youngsters respond at a higher rate than 
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under the other feedback conditions, with the resultant 

correct detections actually reflecting a rise in impul

sivity and not attentive behavior. 

For hypoactive youngsters, the results were less 

clear cut. As expected, total errors were significantly 

fewer under KR+ than under NKR; however, the hypoactive 

child's performance under KR-, although moving in the 

direction of the predicted loss of efficiency, did not 

differ significantly from the total errors obtained under 

KR+. Again, lack of power for the interaction between 

activity level and KR makes any interpretation of the 

obtained lack of significant change tenuous. 

Cerebral Reactivity and Remediation 

The results found in the present study indicate that 

the respective arousal levels of hypoactive and hyperactive 

children with learning disabilities can be manipulated to 

facilitate a more optimal level of attending. It is ap

parently possible to alter arousal level by the manner in 

which information is dispensed to the learning disabled 

youngster. Consequently, the contention held by many 

authors, such as Johnson and Myklebust (1967), that learn

ing disabled children constitute a homogenous group centered 

around their differential learning disabilities needs further 

expansion. A direct implication of the present study is that 
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learning disabled children differ not only in the area 

of their specific learning disabilities, but that each 

child's individual reactivity level is also an important 

characteristic to consider when planning for remediation. 

The conclusion drawn from the present data is that a 

strengthening of the inhibitory processes will enable the 

hyperactive child to show a more adequate attention span. 

This lowering of arousal can be brought about by giving 

the child feedback about his mistakes. 

Remedial implications for the hypoactive child are 

less definitive from this study. Although hypoactive 

children obtained significantly more correct detections 

under KR+ than they did under either NKR or KR-, while at 

the same time committing fewer errors under KR+ than under 

NKR, their overall performance efficiency was not signifi

cantly better under KR+ than under KR-. It would thus seem 

that the hypoactive youngster benefited significantly from 

either KR+ or KR-. 

It should be emphasized that the vigilance task is 

not a learning task, but rather, stresses performance. 

Increases in vigilance performance can thus at best only 

be interpreted as setting the stage for learning to occur. 

In other words, although support was obtained for Dykman 

and Luria's inhibition/arousal theory, it offers no expla

nation as to what determines the area of the child's 



89 

disability. The theory only offers an explanation for why 

the child has not learned to compensate for his disability. 

No implications can be drawn from the present research 

about remedial content for the learning disabled child. 

This area will remain the same regardless of the child's 

activity level. Rather, the present implications are for 

the process of teaching the necessary content. 

The results should not be interpreted as implying 

that the hyperactive child should be bbmbarded with feed

back about his mistakes in order to strengthen his in

hibitory processes. Both common sense and Adler (1956) 

indicate that any child, regardless of activity level, 

will quickly cease to adaptively function and persist in 

an environment that is devoid of encouragement and rein

forcement. Although the study does seem to indicate the 

necessity for pointing out a hyperactive child's mistakes 

while engaging in a specific task, it would at the same 

time be advisable to give him the encouragement to persist 

with the task itself. A hypothetical example might be in 

the area of teaching machines, where the machine itself 

would give the hyperactive child feedback about his mis

takes in learning a particular concept, while the teacher 

would give the child encouragement for working on the 

machine itself. 
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Implications for Future Research 

Several problems arose during the course of the 

research and its discussion which need to be considered 

for future work in the area. The criteria for population 

selection require a more objective approach in future 

replications. Gulian's (1970) approach of using EEG 

indexes for classifying arousal level not only provides a 

direct physiological measure of arousal classification, but 

also could be used during the experimental session to measure 

physiological changes associated with KR. Schulman and 

Reisman (1959) described an "activity clock" which purported 

to measure a child's activity level by the number of revolu

tions made by a pendulum wheel housed inside a watch worn 

by the child. This instrument, or perhaps one attached to 

each limb, could be used during the session proper to give 

activity correlates of KR. 

It also is likely that the method of activity level 

classification in the present study contributed to the lack 

of clear cut results for hypoactive youngsters. Since 

classification depended upon behavioral observations, it 

is probable that selection of the hyperactive child was 

more valid than that of the hypoactive youngster, who 

usually does not command the visibility of a truly hyper

active child. 
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The topic of KR reveals several questions for investi

gation. One question is that of the effect of motivational 

KR versus informational KR. Vroom (196 4) and Payne and 

Hauty (1955) distinguished between the informational func

tion of KR. They considered KR to be informational when 

the subject is given KR about the nature and locus of errors, 

and motivational in nature if no such knowledge is given. 

An example of motivational KR would be the total score 

presented to the subject after several trials. The KR pro

vided in this experiment meets the definition for informa

tional rather than motivational KR, The KR was not delayed 

and the subjects could be sure as to the nature and locus 

of their errors. The obtained results indicated that KR 

changed only the level of performance, not the slope of the 

performance decrement. It is possible that a more constant 

performance would result if, in addition to KR, some type 

of incentive were used. 

Vigilance research also has suggested that as little 

as 30% KR would be sufficient to produce the effects 

reported in other studies using 100% KR (McCormack & 

McElhern, 1963), It would be of interest to determine 

these parameters for learning disabled children. Inferences 

about the arousal function in learning disabled children 

could be drawn from the KR density needed to maintain 

behavior. 
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The present study was conducted in a background of 

weak, continuous white noise. The typical classroom situa

tion does not always provide such a consistent background 

of auditory input, Gulian (19 70) found that hyperactive 

adults performed poorer in understimulated and over-

stimulated conditions of background noise than did hypo

actives. The functions of KR under varying conditions of 

background noise would provide the teacher of learning 

disabled youngsters with a more valid interpretation. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary 

It has been suggested that the basic syndrome 

underlying a learning disabled child's inability to spon

taneously compensate for his learning deficit is faulty 

attention, particularly as it relates to becoming alert 

and focusing. Specifically, the presence of weak inhibi

tory processes in the hyperactive youngster and the converse 

in the hypoactive child have been suggested. Previous 

research with learning disabled children has established 

the vigitask to be a reliable measure of attentive behavior. 

The purpose of the present research was to provide a 

test of the inhibition/arousal theory by contrasting the 

vigilance performance of hyperactive and hypoactive children 

with learning disabilities under conditions of knowledge of 

correct detections, knowledge of false alarms versus no 

knowledge of results while performing a vigilance task. 

It was expected that the hyperactive child would benefit 

most from knowledge of false alarms which usually lead to 

a more conservative vigilance performance secondary to a 

buildup of inhibition. Conversely, the hypoactive child 

was expected to benefit more from knowledge of correct 

detections, since this type of feedback typically has 

resulted in a less inhibited performance. 

93 
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Twenty hyperactive and 20 hypoactive children with 

learning disabilities participated. Dependent measures 

were correct detections, false alarms, and correct detec

tion latencies. Knowledge of results (KR) was provided by 

means of an auditory tone. A split-plot, repeated measures 

design was used. The between subjects variable was the two 

different activity levels, hyperactive and hypoactive. The 

within subjects variable was the three different types of 

KR: white noise with no feedback, KR of correct detections 

(KR+), and KR of false alarms (KR-). Each child was ran

domly assigned to all KR conditions, one per week, over a 

three week period. 

The results indicated a significant interaction 

between activity level and KR for both the total correct 

detection and the total false alarm scores. For total 

correct detections, a significant between group effect 

was found under KR-, but not under KR+. Within groups, 

hypoactive children obtained significantly more correct 

detections under KR+ than they did under either NKR or 

KR-. Hyperactive youngsters missed significantly fewer 

signals under KR- than they did under NKR. Correct de

tection performance did not significantly differ between 

KR- and KR+. 

When the total correct detections were broken down 

into five minute intervals, only a significant time effect 

was found. Optimal functioning occurred during the first 
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five minutes for both groups under all KR conditions. 

Correct detection latencies showed a linearly increasing 

function with time that again did not differ between 

groups or KR conditions. 

The total false alarm results revealed a significant 

between group effect under KR+. Within groups, hyperactive 

children committed significantly more false alarms under 

KR+ than they did under either NKR or KR-. Hypoactive 

youngsters made more errors under KR- than they did under 

either NKR or KR+. When the total false alarms were broken 

down into five minute intervals, only a significant time 

effect was found, with errors increasing as the session 

continued for both groups under all KR conditions. 

When correct detections and false alarms were combined 

into a total error score, hyperactive children were found 

to be performaing with significantly more errors under KR+ 

and significantly fewer errors under KR- when compared to 

their NKR performance. Hypoactive children committed 

significantly fewer errors under KR+ than under NKR. Their 

performance under KR- did not differ significantly from NKR. 

Conclusions 

The results found in the present study indicated that 

the respective arousal levels of hypoactive and hyperactive 

children with learning disabilities can be manipulated to 



96 

facilitiate a more optimal level of attending. It was 

apparently possible to alter a child's arousal level by 

the manner through which information was dispensed to the 

learning disabled youngster. 

The data indicated that a strengthening of the 

inhibitory processes enabled the hyperactive child to 

function with a more adequate attention span. The results 

for hypoactive children were less clear cut, inasmuch as 

the difference between KR+ and KR- performance was not 

always significant. Lack of significant differences was 

difficult to interpret because of the relatively low power 

for this condition. The fact that reaction time did not 

differ significantly either between or within groups indi

cated that learning disabled children, when attending, 

react in a similar manner. The difficulty lies in eliciting 

attending behavior to begin with. The results also pointed 

toward a relatively rapid decay of alertness in both groups 

of youngsters. 

Overall, the arousal/theory proved to have both 

predictive and explanatory power for hyperactive children. 

Unfortunately, when predicted effects were not found for 

hypoactive children, low power prevented the confirmation 

of negative conclusions. 

It was emphasized that the vigilance task is not a 

learning task, but rather stresses performance. Increases 
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in vigilance performance can thus only be interpreted as 

setting the stage for learning to occur. 
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APPENDIX A: SYMPTOMATOLOGY IN IDENTIFICATION OF THE 
MED/LLD CHILD 

(Task Force I) 

A. Test Performance Indicators 
1, Spotty or patchy intellectual deficits; 

achievem.ent low in some areas, high in others. 
2. Below mental age level on drawing tests 

(DAP, HTP, etc.) 
3, Geometric figure drawings poor for age and 

measured intelligence. 
4. Poor performance on block design and 

marble board tests. 
5, Poor showing on group tests (intelligence and 

achievement) and daily classroom examinations 
that require reading, 

6. Characteristic subtest patterns on the WISC: 
scatter within both Verbal and Performance 
Scales; high Verbal-low Performance; low Verbal-
high Performance, 

B. Impaionnents of Perception and Concept-formation 
1. Impaired discrimination of size. 
2. Impaired discrimination of right-left 

and up-down. 
3. Impaired tactile discriminations, 
4. Poor spatial orientation. 
5. Impaired orientation in time. 
6. Distorted concept of body image, 
7. Impaired judgment of distance, 
8. Impaired discrimination of figure-ground. 
9. Impaired part-whole discrimination. 

10. Frequent perceptual reversals in reading 
and in writing letters and numbers. 

11. Poor perceptual integration; cannot fuse 
sensory images into meaningful entities. 

C. Specific Neurologic Indicators 
1. Few, if any, apparent gross abnormalities. 
2. Many "soft," equivocal, borderline findings. 
3. Reflex assymetry frequent. 
4. Frequency of mild visual or hearing impairments. 
5. Strabismus, 
6. Nystagmus, 
7. High incidence of mixed laterality and confused 

perception of laterality, 
8. Hyperkinesis, 
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9, Hypokinesis, 
10. General awkwardness. 
11. Poor fine visual-motor coordination. 

D. Disorders of Speech and Communication 
1. Impaired discrimination of auditory stimuli. 
2. Slow language development. 
3. Various categories of aphasia. 
4. Frequent mild hearing loss. 
5. Frequent mild speech irregularities. 

E. Disorders of Motor Function 
1. Frequent athetoid, choreiform, tremulous, or 

rigid movements of hands. 
2. Frequent delayed motor milestones. 
3. General clumsiness or awkwardness. 
4. Frequent or gross visual-motor coordination. 
5. Poor fine or gross visual-motor coordination. 
6. Hyperactivity and/or hypoactivity. 

F. Academic Achievement and Adjustment (chief complaints 
by parents and teachers) 
1. Reading disabilities. 
2. Arithmetic disabilities. 
3. Spelling disabilities. 
4. Poor printing, writing, or drawing ability. 
5. Variability in performance—day to day or 

hour by hour. 
6. Poor ability to organize work. 
7. Slowness in completing work. 
8. Frequent confusion about instructions, 

yet success with verbal tasks. 

G. Disorder of Thinking Processes 
1. Poor ability for abstract reasoning. 
2. Thinking generally concrete. 
3. Difficulties in concept-formation. 
4. Thinking frequently disorganized. 
5. Poor short-term and long-term memory, 
6. Thinking sometimes autistic. 
7. Frequent thought perseveration, 

H, Physical Characteristics 
1. Excessive drooling in the young child. 
2. Thumb-sucking, nail-biting, head-banging, 

and teeth-grinding in the young child. 
3. Food habits often peculiar. 
4. Slow to toilet train. 
5. Easily fatigued. 
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I. Emotional Characteristics 
1, Impulsive, 
2, Explosive. 
3, Poor emotional and impulse control. 
4, Low tolerance for frustration. 
5, Reckless and uninhibited; impulsive then 

remorseful, 

J. Sleep Characteristics 
1. Body or head rocking before falling asleep. 
2. Irregular sleep patterns in the young child. 
3. Excessive movements during sleep. 
4. Sleep abnormally light or deep. 
5. Resistance to naps and early bedtime; 

seems to require less sleep, 

K, Relationship Capacities 
1. Peer group relationships generally poor, 
2. Overexcitable in normal play with other 

children. 
3. Better adjustment when playmates are 

limited to one or two. 
4. Frequently poor judgment in social and 

interpersonal situations. 
5. Socially bold and aggressive. 
6. Inappropriate, unselective, and often 

excessive displays of affection. 
7. Easy acceptance of others alternating with 

withdrawal and shyness, 
8. Excessive need to touch, cling, and hold 

on to others, 

L. Variations of Physical Development 
1. Frequent lags in developmental milestones 

(motor, language, etc) 
2. Generalized maturational lag during early 

childhood, 
3. Physically immature. Physical development 

normal or advanced for age, 

M, Characteristics of Social Behavior 
1, Social competence frequently below average 

for age and measured intelligence, 
2. Behavior often inappropriate for situation, 

and consequences apparently not foreseen. 
3. Possibly negative and aggressive to authority, 
4, Possibly antisocial behavior. 
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N. Variations of Personality 
1. Overly gullible and easily led by peers 

and older youth. 
2. Frequent rage reactions and tantrums 

when crossed. 
3. Very sensitive to others, 
4. Excessive variation in mood and responsiveness 

from day to day and even hour to hour. 
5. Poor adjustmient to environmicntal changes. 
6. Sweet and even-tempered, cooperative and 

friendly (most commonly the so-called 
hypokinetic child). 

O. Disorders of Attention and Concentration 
1. Short attention span for age. 
2. Overly distractible for age. 
3. Impaired concentration ability. 
4. Motor or verbal perseveration. 
5. Impaired ability to make decisions, 

particularly from many choices. 
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APPENDIX B: LETTER AND PERMISSION SLIP FORM MAILED TO 
PARENTS OF CHILDREN 

Dear Parent: 

The Texas Tech University Departmient of Psychology is 
currently making a special study concerning the effects 
of distractibility on school performance. This study is a 
continuation of last year's, in which many of the children 
from Heritage Hall participated. The project aim is to 
find out the various things which affect attention span, 
and how it may be controlled so as to help children learn 
more efficiently. 

We would like to request that your child 
be allowed to participate in the project"^ The project plan 
is as follows: 

1) Testing will take place in the Human Performance 
laboratory, Department of Psychology, Tech campus, 

2) Time involved: the child will spend 3 sessions 
lasting 35 minutes each in the lab, 

3) The task simply requires that he look at some 
colored lights and pay attention to errors. It 
is a fun thing to do and college students are 
doing the same thing at a more complicated level. 

4) The child may spend 30 minutes taking some extra 
tests such as a reading test. 

5) It will be necessary to obtain parent permission, 
so that the child's test record on file with 
Heritage Hall can be examined. 

6) Parents are welcome to see the testing laboratory. 
Following completion of the project, a summary of 
the results will be available. 

Your help on this project will be greatly appreciated. 

If interested please sign the enclosed permission form and 
return it in the self-addressed envelope. If permission 
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is granted you will be contacted further by Mr, Del Ozolins, 

Thank you very much. 

Sincerely, 

Robert P, Anderson, Ph,D, 
Charles Halcomb, Ph.D. 
Professors, Texas Tech University 
Department of Psychology 

sjs 
enclosure 

Permission Slip Form 

TO WHOM IT MAY CONCERN: 

This is to certify that 
has our consent to participate in the study concerning 
the effects of attention span and learning at Texas Tech 
University. 

I further give my consent for the project assistant, 
Mr. Delmar Ozolins, to examine my child's test record on 
file with Heritage Hall. 

(Parent or Guardian's signature) 

(Datel 

For further information Mr, Ozolins can be contacted at 
the following telephone numbers: 

Office 742-5253 

Psychology Clinic 743-3230 
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APPENDIX C: SAMPLE OF CERTIFICATE OF APPRECIATION 

TEXAS TECH UNIVERSITY 

DEPARTMENT OF PSYCHOLOGY 

Certificate of Appreciation 

awarded to 

John Doe 

July 7, 1973 

for contributions to science through 
participation in psychological research 

/s/ Lawrence L, Graves 
Dean, Colleges of Arts 

and Sciences 

/s/ Robert Anderson 
Professor, Department of 

Psychology 






