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CHAPTER I 

INTRODUCTION 

Recently, research based on empirical data has begun to 

contribute to the understanding of learning disabilities. 

Dykman, Ackerman, Clements, and Peters (1971) posited faulty 

attention to be the most distinguishing factor of the learn

ing disability syndrome. It was hypothesized that attention 

consisted of four interrelated parts: alertness, stimulus 

selection, focusing, and vigilance. Subsequently, Anderson 

Halcomb, and Doyle (1973) began a systematic investigation 

on one aspect of attention—vigilance. They demonstrated 

that a vigilance task provided a means for quantitatively 

measuring the attention deficit found in children with learn

ing disabilities. The advantage of the methology was the 

potential for investigating variables which affect atten

tion under controlled laboratory conditions. 

Research at the Texas Tech Laboratory (Anderson, Halcomb, 

Gordon, & Ozolins, 1974; Anderson, Halcomb, Ozolins, & Hopson, 

1974; Doyle, 1973) has shown that the vigilance task was 

sensitive to behavioral changes due to various treatments 

such as medication, auditory distractors, and visual dis-

tractors. Ozolins, Anderson, and Halcomb (1974) illustrated 

that parameters affecting vigilance performance could be used 

in determining methods for remediation. These resalts support 



the hypothesis that a vigilance task is a viable technique 

for exploring the attention/distractibility deficit in 

learning disabled children. 

The vigilance task used in the Texas Tech projects has 

limitations which restrict generalization of the research 

results. The major problem with the methodology is that the 

vigilance task is a fixed task; thus, the effects of task 

difficulty interacting with age are unknown. In view of the 

quantitative advantage of the vigilance task, improvement of 

the methodology would be beneficial to the ongoing program 

of research. 

The present study was designed to develop a task which 

would eliminate age confounding. To accomplish this goal, 

adaptive techniques were utilized. Adaptive techniques were 

originally developed for military training purposes and have 

previously been referred to as adaptive training. In gen

eral, an adaptive task utilizes procedures whereby the task 

difficulty is changed in order to keep performance at some 

predetermined level. Therefore, the task difficulty matches 

the proficiency level of each individual. 

It was hypothesized that meaningful comparisons between 

age groups can be made if adaptive procedures are employed 

in the vigilance task. All children, regardless of age, 

would be performing a task comparable to their abilities. 

Thus, the effects of the experimental treatments would not 



be contaminated by task difficulty. The flexibility and 

sensitivity of the vigilance task in studying the attention/ 

distractibility deficit of learning disabled children should 

be maintained. In addition, the study was designed to in

vestigate other parameters of the vigilance task (i.e., 

latencies and false alarms) which previously have proven to 

be beneficial in quantifying the attentional deficit. 

Review of the Literature 

A review of the related literature encompasses several 

areas of research. A brief historical perspective of the 

learning disabilities syndrome is the first to be considered. 

Next, the specialized use of the vigilance paradigm to in

vestigate the attention/distractibility deficit of learning 

disabled children will be examined. Finally, the adaptive 

system, a recent procedural technique used in military train

ing, will be explained and reviewed. 

Learning Disabilities 

Children who had difficulty reading and writing but had 

no apparent physical deficit of vision or audition were first 

described by Morgan (1896) during the latter part of the nine

teenth century. He used the term congenital-word-blindness 

to describe these children. After World War I, an impairment 

in reading and writing abilities was noted in many veterans 

who had physical destruction to the brain. During this period 



the term brain damage was used for all reading and writing 

deficits. Orton (1928) introduced the concept of eye-hand 

dominance and utilized the term streposymbolia to describe 

the syndrome. He found that individuals who had no particu

lar eye-hand dominance or had a crossed eye-hand dominance 

also had difficulty in learning to read and write. 

Since these early investigations, many terms have been 

used to classify individuals with learning problems, e.g., 

brain damaged, brain crippled, cerebral dysfunction, minimal 

brain dysfunction, learning disabilities, and hyperactivity 

(Bateman, 1966; Clements, 1966; Douglas, 1972; Wender, 1972). 

The search for a better nomenclature was due to many re

searchers attempting to define a single etiology responsible 

for the problem (Senf & Freundl, 1971). As various classi

fication systems proved to be inadequate or erroneous, they 

were replaced by new terms usually related to the scientific 

field of the researcher. 

Clements (1966), when reviewing the literature, found 

no exclusive syndrome to be descriptive of learning disabled 

children. He believed that the cause of the learning deficit 

must be within the central nervous system since the behavioral 

manifestations were diffuse. Clements, therefore, favored 

the descriptive term minimal brain dysfunction which he 

defined as: 

children of near average, average or above average 
general intelligence with certain learning or 



behavioral disabilities ranging from mild to severe, 
which are associated with deviations of function of 
the central nervous system, (p. 6.) 

Such a child, as defined by Clements, can have deviations 

which exhibit themselves in various combinations of impair

ment. Other authors have also suggested that no single 

reaction pattern or syndrome of behavior is common to chil

dren with learning problems (Critchley, 1964; Gates, 1941; 

Harris, 1970; Natchez, 1968). 

Dykman, Ackerman, Clements, and Peters (1971) defined 

learning disabled children (or the medical equivalent, 

minimal brain dysfunction) as: 

Children with specific learning disabilities are 
youngsters who by intellectual assessments, cultural 
opportunities, and general family emotional adequacy 
are expected but not able to keep pace academically 
with their age mates, (p. 55) 

They believed that although learning disabled children are 

diverse, they are sufficiently alike in certain basic char

acteristics to be subsumed under a specific syndrome. The 

cardinal symptom was considered to be defective attention 

(Dykman, Walls, Suzuki, Ackerman, & Peters, 1970). They 

treated attention as a unitary unit consisting of four inter

related components: alertness, stimulus selection, focusing, 

and vigilance. 

Douglas (1972) has shared a similar view concerning the 

learning deficit in children. In an attempt to investigate 

a homogeneous group, she and her colleagues have limited 



their investigations to hyperactive children with learning 

problems. In June, 1971, Douglas stated in her Presidential 

Address to the Canadian Psychological Association: 

As we have learned more about hyperactive children, 
we have come to believe that hyperactivity is only 
one of a constellation of critical symptoms. I 
hope to convince you that the inability of these 
children to sustain attention and to keep respond
ing under control may be even more important 
symptoms, (p. 2 60) 

The research at Montreal Children's Hospital has supported 

the hypothesis that sustained attention and control impul-

sivity accounts for most of the deficits found in hyper

active children (Cohen & Douglas, 1972; Douglas, 1972; Sykes, 

Douglas, & Morgenstern, 1972; Sykes, Douglas, Weiss, & Minde, 

1971). Stimulant drugs, which are frequently administered 

to hyperactive children, also seem to exert their effects 

on impulsivity and attention deficits (Campbell, Douglas, 

& Morgenstern, 1971; Cohen, Douglas, & Morgenstern, 1971; 

Knights & Hinton, 1969; Sprague, Barnes, & Werry, 1970; 

Sykes et al., 1972). 

In Russia the diagnostic term similar to the term learn

ing disabilities is cerebroaesthenic syndrome (Luria, 1959, 

1961) . Luria has hypothesized that an excitatory (hyper

active) child has weak inhibitory processes and an inhibitory 

(hypoactive) child has strong inhibitory processes. A weak 

inhibitory process results in an increase of distractibility 

and impulsiveness, whereas, a strong inhibitory process keeps 



a child from responding to his environment. It is the 

excitation or inhibition effect which prevents the child 

from keeping pace academically with his classmates. 

The attention/distractibility hypothesis proposed by 

the various investigators has led to an emphasis on basing 

diagnostic and remediation systems on empirical research. 

In addition, it has focused research efforts into one major 

area in which reliance can be placed on objective indices 

instead of subjective evaluations. Whether the attention/ 

distractibility hypothesis is valid or not depends upon its 

durability in future research endeavors. However, authors 

in a variety of scientific fields recognize the role attention 

may play which allows for a systematic evaluation of the 

hypothesis. 

Learning Disabilities and Vigilance 

Using the rationale of Dykman et al. (1970), Halcomb and 

Anderson at Texas Tech University began a systematic empiri

cal investigation on one aspect of attention, vigilance. 

The initial study (Anderson, Halcomb, & Doyle, 1973) sub

stantiated that the vigilance paradigm was effective in 

investigating the attention deficit of learning disabled 

children. 

In a vigilance task, stimuli are presented in a timing 

sequence for an extended period of time. Some of the 
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stimuli are signals and other stimuli which differ on some 

dimension(s) from the signal are referred to as nonsignals. 

Only a few signals are presented during the task, and when 

detected by an observer, they are to be reported. The 

signals are considered strong in a psychophysical sense 

(usually detected with few errors in a two alternative, 

forced-choice setting), but are frequently described as 

weak because they are not "attention demanding." Therefore, 

an observer has to be alert during the task in order to 

detect and report all signals. 

The task employed by Anderson et al. (1973) used a pair 

of flashing lights mounted on a panel unit facing the sub

ject. The lights flashed on and off every two seconds in a 

randomized presentation of red/red, green/green, green/red, 

or red/green combinations. The signal was comprised of red/ 

green or green/red combinations. The subject was instructed 

to respond whenever a signal appeared. 

The vigilance procedures differentiated between a group 

of 30 learning disabled children and a group of 30 nondis-

abled children. It was found that learning disabled children 

reported fewer signals than did the nondisabled children. 

Since vigilance performance is by definition a measure of 

attention, the poorer performance noted in the learning dis

abled group lends support to the hypothesis of an attentional 

deficit. The task also proved to be a method for indirectly 



assessing differences in motor activity levels. Normoactive 

children detected more signals than hypoactive children, and 

hyperactive children detected the fewest number of signals. 

Since the methodology appeared to provide an objective 

index of attentional deficits in children, other variables 

known to affect attention were investigated. The next ques

tion the investigators addressed concerned the effects of 

medication. Many of the children with learning problems are 

hyperactive and are frequently given stimulant drugs which 

behaviorally "calms them down." The vigilance task proved 

to be sensitive to these behavioral changes. In general, 

there was an increased capacity to sustain attention on a 

monotonous repetitive task when hyperactive children were 

under medicai:ion. The sensitivity of the task to medica

tion effects has tremendous implication as a diagnostic/ 

prescriptive aid to physicians. 

To further substantiate the attention/distractibility 

hypothesis, the effects of distraction on vigilance task 

performance were explored. Doyle (1973) used a visual 

distractor which was displayed at the peripheral of the 

visual focus. It was reported that learning disabled chil

dren were consistently distracted. Once eye contact was 

made with the distractor, they could not retr.rn to the basic 

vigilance task as rapidly as the control subjects. 

Following the work with visual distractors, the effects 
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of an auditory distractor were examined (Anderson, Halcomb, 

Ozolins, & Hopson, 1974). The auditory distractor was pro

vided by a recording of classroom "noise." Again, learning 

disabled children were more susceptible to the distraction 

than the control subjects. These results give some explana

tion as to why learning disabled children cannot keep pace 

with the academic achievements of their classmates. 

Since the performance decrement in a vigilance task can 

be modified, the methodology allowed for exploration of 

remediation procedures. Ozolins, Anderson, and Halcomb 

(1974) used knowledge of results (KR), a parameter known to 

reduce the typical vigilance decrement, as an initial effort 

in this direction. They divided a sample of learning dis

abled children into hypoactive and hyperactive groups. The 

experimental manipulation was positive KR and negative KR. 

Positive KR or feedback was provided when a child correctly 

identified a signal and negative KR or feedback was given 

when a response was made to a nonsignal. It was found that 

negative KR improved performance of hyperactive children, 

and positive KR improved the scores of hypoactive children. 

These studies have proven that the vigilance task is a 

viable technique for exploring the attention/distractibility 

deficit of learning disabled children. It has provided a 

means for quantitatively measuring the attention deficit. 

Since an objective index can be obtained, the task has 
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potential as an assessment or diagnostic tool. The task 

can be used for future exploration of the attention deficit 

as it is sensitive to treatment effects. The methodology 

could be used as a diagnostic/prescriptive aid for physicians 

In addition, the task can be used for investigating remedia

tion techniques. Although the approach has been beneficial, 

the major contribution by the Texas Tech investigators is 

the empirical testing of hypotheses which previously had 

been armchair speculation. 

Adaptive Systems 

The formalization of adaptive systems is a recent 

methodological contribution to research. After Kelly (1969) 

outlined the system, the techniques have been restricted to 

the area of military training. Therefore, an extensive de

scription of Kelly's system will be presented, followed by a 

brief review of the research using adaptive techniques. 

Kelly argued that an instructor, in order to facilitate 

learning, changes some aspect of the instructional situation 

in response to his subjective evaluation of the student's 

performance. If a task is too difficult, the student either 

takes a long time to learn or becomes discouraged and gives 

up. Similarly, if the task is too easy, the student becomes 

very bored or learns very little by doing the task. There

fore, for effective learning, an instructor tries to match 
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the difficulty level of a task with the skill of the student. 

However, due to individual differences in student ability, 

motivation, and personality, no universal rules have evolved 

as to when changes should be made in the teaching method. 

In addition, most learning situations emphasize group prog

ress instead of being tailored for individual differences. 

Kelley suggested that automatic control would mimic the 

role of the instructor in the training process of complex 

perceptual-motor skills. He labeled the system adaptive 

training and defined it as "training in which the problem, 

the stimulus or task is (automatically) varied as a function 

of how well the trainee performs" (McGrath & Harris, 1971, 

p. 2). In other words, an adaptive system is designed to 

keep an individual performing at a preselected criterion by 

continuously adjusting task difficulty on the basis of his 

performance. The use of automatic control should have two 

major advantages in training complex perceptual-motor skills: 

(1) the difficulty level is mediated without subjective or 

intuitive evaluation of the instructor, and (2) instead of 

using fixed instructions in which the task difficulty changes 

too rapidly for some individuals and too slowly for others, 

the training process becomes individualized. 

Adaptive training is essentially a closed-loop servo 

system in which some output from the system is fed back to 

some earlier stage in order to modify the system itself. 
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In a fixed or open loop system, the output may be dependent 

upon the characteristics of the system, but it is completely 

independent and does not change the nature of the system 

(see Figure 1). Adaptive training, as described by Kelley, 

refers to a man-machine system in which the behavior of man 

is modified. However, a closed loop system can be applied 

to other areas insofar as the nature of the logic allows. 

For example, a thermostat which controls the temperature of 

an enclosed area is illustrative of a feedback system. For 

this reason, the terra adaptive system is more appropriate 

when referring to the use of adaptive techniques in general 

instead of adaptive training which is unique to a particular 

problem. 

An adaptive system has three basic elements: (1) per

formance measure, (2) an adaptive variable, and (3) adaptive 

logic. The only requirement for the performance measure in 

an adaptive system is that it reflect the behavior that is 

to be modified. The performance measure could be a rudimen

tary binary assessment, a continuous measure, or a combination 

of several different performance measurements, depending upon 

the indices chosen. 

The method used for changing the system is dependent 

upon the adaptive variable. Usually the difficulty level of 

the task is adjusted. Any aspect of a task which systemati

cally affects difficulty of the task can serve as the adaptive 

variable. 
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The relationship between the performance measure and 

the adaptive variable is specified by the adaptive logic. 

The adaptive logic is the set of decision rules which modify 

the characteristics of the system in response to the output 

of the system. Normally, the adaptive logic takes the form 

of a computer program using some algorithm relating the 

adaptive variable and some measure of performance. The 

relationship between the adaptive variable and performance 

measure can be of any form. However, Kelley suggested that 

the adaptive logic should keep the performance level constant 

in order to eliminate methodological problems in interpreting 

psychological data. When the relationship between the adap

tive variable and performance measure is linear, the task 

becomes easier when a person performs at a low level of 

accuracy or harder when a person performs at a high level 

of accuracy. Thus the system will become progressively more 

difficult simultaneous with an improvement in performance 

(Figure 2a). In this case, the performance measurement 

early in the trials does not mean the same thing as it does 

later because the subject is dealing with a different task. 

Kelley maintained performance at a constant rate so that 

the performance measure was the same throughout the task 

(see Figure 2b). All the variance was cast into the adap

tive variable and the performance measure was no longer mean

ingful. The major question is how complex of a system can 
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the individual handle? With a fixed system, as in Figure 2c, 

the emphasis is on performance level at which a person is 

operating in a specific task. 

The closed-loop system, which Kelly proposed for use in 

training situations, has been demonstrated to have equivocal 

relevance. Mirabella and Lamb (1966) found no evidence that 

adaptive training was more effective in increasing target 

detection ability. Lowes, Ellis, Norman, and Matheny (1968) 

found that adaptive training procedures were superior to more 

conventional techniques in training experienced pilots to 

maintain level flight in the presence of simulated air tur

bulence. A predetermined increase in difficulty level during 

training was demonstrated to be superior to continuously 

adaptive training in a second-order tracking task (Wood, 

1969). Similar results were reported by Crooks and Roscoe 

(1973) . 

Although an adaptive system has not been effective in 

the training of complex perceptual-motor skills, the system 

may be very effective as an experimental tool. A major 

advantage of the adaptive system is the simplicity of the 

dependent variable. Instead of examining errors and correct 

responses, the adaptive logic holds these measures constant, 

and the adaptive variable serves as a single measure. It is 

also a sensitive index of behavior since the task is not 
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fixed, but is adjusted according to each individual's per

formance. Therefore, if one is not interested in the level 

of difficulty at which a person is operating, but in other 

treatment effects, the adaptive variable would eliminate 

confounding of the data with a person's capabilities and 

past experiences. 

Adaptive techniques have not been widely used outside 

of the military setting. This is due partly to the fact that 

much of the literature is buried within the archives of mili

tary technical reports. However, as researchers in other 

areas use and report the application of the procedures in 

their own research, exposure to techniques will become more 

widespread. A principle disadvantage has been the lack of 

knowledge in technology and equipment. With the advent of 

laboratory digital mini-computers, experiments using adap

tive techniques are now reasonable and practical. 

An initial attempt in the use of adaptive systems as 

an experimental tool was recently done by Wiener (1973). He 

examined the feasibility of an adaptive vigilance task. The 

adaptive variable was the size of the signal which affects 

its conspicuousness and hence its probability of detection. 

As detection performance decreased, the difference between 

the signal and nonsignal or event was increased. A plot of 

signal size against time was virtually identical to the tra

ditional vigilance decrement found in most monitoring studies. 
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Later Wiener (1974) tested the feasibility of using an adap

tive vigilance task by employing a treatment variable, knowl

edge of results. The results showed that feedback of results 

demonstrated the typical reduction of the vigilance decrement. 

Statement of the Problem 

To date, the vigilance task has proven to be an effec

tive tool for quantifying the attention deficit found in 

learning disabled children (LD). However, of necessity the 

task is fixed and the effects of task difficulty are unknown. 

In an unpublished study at Texas Tech (Halcomb, Anderson, 

Hopson, & Ozolins, 1973), a significant correlation between 

age and correct detections of .55 (£<.01, n=30) was found 

for the normal group and .68 (£<.01, n=30) for the LD group. 

These results indicate that older children detect more sig

nals than younger children. The very nature of the task is 

boring since there are few signals interspersed among many 

nonsignals. Thus, younger children might have difficulty 

staying attentive for an extended period of time, whereas 

older children, supposedly accustomed to a school routine, 

would more readily adapt to the experimental task require

ments. Over 40% of the children in the LD or normal group 

correctly identified at least 97% of the signals. The cur

rent vigilance task presents 60 signals which means that 

only 2 signals go undetected. When the mean age of the 
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children who identified 58 signals or more was compared to 

the mean age of those who identified fewer signals, it was 

found that older children were detecting most of the sig

nals (x=10.1, x=8.2). 

Since the data is confounded by task difficulty, it was 

unknown whether younger children had a shorter attention 

span or if the task was more difficult for younger children. 

For meaningful comparisons, all children should be able to 

do the task equally well or generalizations between age 

groups cannot be made. 

The purpose of the present study was to utilize the 

adaptive methodology to develop a task which would eliminate 

the age/task difficulty confounding. By using a closed-loop 

system, the difficulty level of the task would be adjusted 

for each individual regardless of age or ability. The task 

would be made easier for younger children and more difficult 

for older children. Since the performance measure, ratio of 

correct detections, would be kept constant, all children 

would be performing at an equivalent level. 

To ascertain the effectiveness of an adaptive vigilance 

task, the following questions were investigated: 

1. Are adjustments in difficulty level in the expected 

direction for different age groups? Is the task 

adaptive, i.e., does performance remain constant? 

The answers to these questions would determine the 
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effectiveness of the adaptive logic for equating 

task difficulty so comparisons between age groups 

can be made. 

2. Are the research findings with the basic vigilance 

task replicated by the adaptive vigilance task? 

Previous research has shown that performance mea

sures of the vigilance task can differentiate be

tween normal and LD groups. Typically, LD children 

identify fewer signals and have a higher response 

rate to nonsignals than nondisabled children. In 

addition, no differences between LD and normal chil

dren have been observed in the decline of the vigi

lance decrement or in the latencies scores. If the 

adaptive vigilance task measures the same behaviors 

as the basic vigilance task, similar results should 

be observed. 

3. How do disabled and nondisabled children compare at 

different age levels? If the task proves to be 

adaptive, comparisons between age groups can be made 

for all dependent measures to determine any matura-

tional differences. 



CHAPTER II 

METHOD 

Subjects 

The subjects were learning disabled children and non-

disabled from the Lubbock Public School System and several 

private schools in the Lubbock, Texas, area. Names of sub

jects were provided by the school systems. Parental per

mission was obtained for each child participating in the 

study. 

The children who comprised the LD and normal groups 

were subdivided into two different age categories. Group I 

was comprised of youngsters 7 and 8 years of age. Group II 

was comprised of children 10 and 11 years of age. Children 

from Group I were enrolled in first or second grade during 

the school year. In the younger LD group, 8 of the 10 chil

dren were in first grade and 2 were in the second grade. 

The ratio was identical in the normal group. There were 3 

children in the older LD group who were in third grade, 6 in 

the fourth, and 1 in fifth grade. The children in the third 

grade had previously failed an academic year. In the normal 

group, 9 of the children were in fourth grade and 1 was in 

fifth. There were a total of 40 children with 10 in each 

category; i.e., older LDs, older normals, younger LDs, and 

younger normals. 

22 
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All of the children were given the Slosson Intelligence 

Test, the Slosson Oral Reading Test, and the Bender Gestalt. 

Since the task was a perceptual task, all the children were 

required to have normal Bender scores as determined by the 

Koppitz scoring system. Each subject across groups was 

matched within a 5-point range on IQ scores in order to 

eliminate any confounding of the data by mental age. The IQ 

range was between 87 and 130. The parents completed the 

Ciba Activity Questionnaire (Peters, Davis, Gollsby, Clements, 

& Hecles, 1973) so that some objective measure of activity 

level could be obtained. Table 1 depicts the means and stan

dard deviations of the demographic data for each group. 

TABLE 1 

DEMOGRAPHIC DATA 

Group 

Mean 
Chronological 

Age 
Mean 
IQ 

Mean 
Reading 
Level 

Mean 
Ciba 
Scores 

Normal 

7-8 7 yrs. 6 mos 

10-11 10 yrs. 6 mos 

LDs 

7-8 7 yrs. 4 mos 

10-11 10 yrs. 5 mos, 

108.10 

107.50 

106.40 

106.40 

2 yrs. 2 mos 

6 yrs. 6 mos 

8 mos 

3 yrs. 5 mos 

12.50 

10.90 

28.30 

29.00 
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Selection of the normal children was dependent upon the 

following criteria: (1) normal or above average intelligence, 

(2) an oral reading vocabulary at grade level or above as 

determined by the Slosson Oral Reading Test, (3) a low activ

ity score on the Ciba Questionnaire, (4) passing grades, 

(5) no previous history of grade failure, and (6) a normal 

Bender score. 

Determination of the LD sample in the study was orig

inally based on the diagnosis provided by the school system. 

The children were either in a learning disabilities resource 

program or a self-contained classroom. Since irregularity 

of diagnosis is commonplace among, and within, school sys

tems, selection of the LD children could not be based solely 

on the school diagnoses. At present, the placement of the 

children in special classrooms is generally dependent upon 

(1) the prior academic history, (2) the evaluation of test 

scores of children who have been referred to the school sys

tem for testing, and (3) reports from both the parents and 

teachers about the academic problems of the children. The 

tests usually administered are the Wechsler Intelligence 

Scale for Children (WISC), the Wide Range Achievement Test 

(WRAT), and the Illinois Test of Psycholinguistic Ability 

(ITPA). Only children who were reading below grade level 

were used in the present study in order to limit the popula

tion to a homogeneous group with a specific deficit. 
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To further delineate the sample, the major symptom of 

the children as reported by both the parents and school was 

chronic, sustained hyperactivity. In addition, all the chil

dren included in the study scored high on the Ciba Activity 

Questionnaire. Five of the LD subjects in the younger age 

group had been diagnosed as hyperactive by medical doctors; 

however, only one was on medication at the time of testing. 

School was not in session during the experiment, and it was 

the practice of the local doctors to take the children off 

the drugs when they were not in school. Eight of the 10 

subjects in the older LD group had been diagnosed as hyper

active by a medical doctor. None of these children were on 

medication. 

Adaptive Display 

The subject viewed a 25.72 x 19.35 cm video display 

which was located on a table console. The display was at 

eye level when the subject was seated. Once every two 

seconds a pair of flashing white dots of .5 second duration 

appeared on the dark screen. The dots were symmetrically 

centered on the screen with respect to both vertical and 

horizontal axes. 

A nonsignal event was two dots approximately 5.08 cm 

apart. These events were always displayed in the same loca

tion. A signal was a presentation of two dots separated 
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further horizontally than the nonsignal events. The width 

or separation of the two signal dots was dependent upon the 

subject's past performance. It was the width (W) of the 

signal dots which served as the adaptive variable. The dots 

were actually the asterisk character normally found on type

writers, but for simplicity they will be referred to as dots. 

The signals occurred randomly during the task with the 

restriction that 10 signals occur during a 5 minute interval. 

A total of 900 events were presented during the 30 minute 

task period with 60 of the stimuli constituting signals. 

Descriptively, a subject watched a steady train of brief 

flashes with an occasional presentation of two dots which 

were separated further than those previously observed. When 

the task became too difficult, i.e., the subject failed to 

detect a signal, the task was adjusted so the signal dots 

were further apart, making the signal more conspicuous and 

therefore easier to detect. 

Adaptive Logic 

Generally, extensive research is necessary for develop

ing the appropriate logic for an adaptive system. Since 

Wiener (1973, 1974) has investigated various approaches for 

developing an adaptive vigilance task, the strategy he sug

gested was used for adjusting task difficulty. 

The adaptive variable was the width of the signal dots. 
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Whether to adapt or not was decided prior to every signal. 

The decision to adjust the signal dots was based on the 

score of the two previous signals. If both signals were 

detected, W was decreased. Any other measure produced an 

increase in W. The initial width of the signal dots for the 

experimental task was determined by the five minute practice 

session which preceded the test period. 

The practice session was used to (1) determine if the 

child fully understood the instruction, and (2) for the 

adaptive variable to reach a stable point. A stable W value 

was of primary importance in order to make the task age-

sensitive. For the initial signal, an arbitrary width of 

10.16 cm was selected. For some children the 10.16 cm signal 

was easily detected while for others it was too difficult. 

Therefore, several adjustments were necessary to determine 

the optimal signal width for each individual. In order to 

minimize the fluctuation in the actual experimental data, an 

adaptive practice session was given. The length of the prac

tice session was determined by pilot data which revealed that 

the maximum amount of time necessary for the adaptive vari

able to stabilize was five minutes. Stabilization was when 

W stayed within two W values for three consecutive signals 

which was the minimum oscillation of W. All children in the 

experiment met the criterion. The W value obtained at the 

end of the practice session for each individual was the 

initial signal width for the experimental session. 
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A 5.08 cm separation in the signal dots was the event. 

Adjustment in W were in .64 cm increments (.32 cm for each 

dot) which allows for a total of 24 different W values. It 

was believed that a maximum 15.24 cm difference in the signal 

and nonsignal was adequate for the proposed research. 

Apparatus 

The entire experiment including scheduling and timing 

of stimuli, signal, and nonsignal stimulus generation, re

sponses, and adaptive adjustments was under the control of a 

Digital Equipment Corporation PDP 8/e computer. The video 

display, a peripheral device for the PDP 8/e computer, was 

a VT8-E alphanuemeric and graphic CRT display (see Figure 3). 

In the alphanuermeric mode, the mode chosen for the task, 

the viewing area of the screen was 20.32 x 16.51 cm. . The 

VT8-E displayed 20 lines with 64 characters, approximately 

.32 cm wide, per line. A wooden panel covered the typewriter 

unit on the video display since it was not used in the task. 

The reflective screen was covered by a navy blue posterboard 

with a small slit opening which exposed only the area the 

dots were displayed. In addition, the stimulus viewing area 

was covered by a green filter. This procedure aided the 

subject's visual acuity of the dots and eliminated any visual 

cues which could be obtained from the subject's reflection. 

The video display and console was housed in a booth 

approximately 121.92 x 121.92 cm which was carpeted, air 
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Figure 3. Video display and table console 
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conditioned, and had indirect lighting. The lighting was 

provided by blue incandescent bulbs which, in conjunction 

with the green filter, eliminated possible glare. Under 

the blue lights the navy blue posterboard covering the 

screen appeared as a non-reflective black screen. A bicycle 

handle bar grip was attached to the console by a wire 

60.96 cm long. Mounted in the handle bar grip was a button 

which recorded responses. With this response recording 

apparatus, a child could move about instead of maintaining 

a fixed position. Outside of the booth there was a waiting 

room for the chaperone of the child to sit while the experi

ment was in progress. 

Procedures 

First, the child was introduced to the experimenter and 

settled in the booth. Second, it was determined whether he 

or she understood the concepts of "further apart" and 

"wider." The concepts were demonstrated as follows: The 

experimenter placed two pairs of pennies on the console. 

One set of coins was in closer proximity to each other than 

the other set of coins. The subject was asked if he knew 

what the words "wider" and "further apart" meant. When the 

child responded affirmatively, he was asked to tell the 

experimenter which pair of coins were further apart. If the 

child did not know what the terms meant, the concept was 
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explained using the distance between the coins as a visual 

aid. When the child could correctly identify the appropriate 

coins, he was told to put two coins "closer together"; then, 

to place the coins so they had a "wider space" between them. 

To insure that the child fully comprehended the terms, the 

experimenter gave the coins to the child so he could demon

strate the concepts to the experimenter. The child was not 

told that the width of the dots would vary during the task. 

After the experimenter was certain the child understood 

the terms, the child was left alone in the cubicle. Instruc

tions (Appendix A) for the task were presented by an audio 

recording. Immediately following the audio instructions, a 

practice period was given. After the practice period, the 

subject was again instructed as to the task requirements 

followed by the 30 minute experimental session. The depen

dent variables for analysis were W, the adaptive variable, 

the number of signals correctly identified, false alarms, 

latencies for identified signals, and false alarm latencies. 

False alarms are the nonsignals which have been incorrectly 

identified as a signal. 

Statistical Procedures 

A split-plot analysis of variance (SPF-pq.r) was used 

for all but one of the dependent variables (Kirk, 1968). 

One between group variable was a subdivision of the children 
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into normal and LD categories. The second between group 

variable was age, 7-9 and 10-12. The within group variable 

was contingent upon the dependent variable which was either 

in relationship to six 5 minute time periods or number of 

signals. A block diagram of the experimental design for a 

within group variable with six levels is presented in 

Table 2. 

TABLE 2 

BLOCK DIAGRAM OF SPF-2,2.6 

Normal 

LD 

Age 

7-8 

Age 

10-11 

Age 

7-8 

Age 

10-11 

Time Periods 
1 2 3 4 5 6 

i 

1 

1 
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Since most subjects had a low false alarm rate, the 

split-plot analysis was inappropriate as many cells did not 

have scores. Because the groups had unequal sample size, 

it was decided to use a completely randomized analysis of 

variance design (CRK) for comparisons between the four 

groups. 



CHAPTER III 

RESULTS 

The results of the investigation are presented by each 

analysis of the dependent variables in the following order: 

number of correct detections, adaptive variable (W), signal 

latencies, number of false alarms, and false alarm latencies. 

Due to the diverse reasons for the analysis of the dependent 

measures, a brief review of the rationale for each analysis 

is presented. 

The purpose of the correct detection analysis was two

fold. First, there was a need to ascertain if the task dif

ficulty was equivalent among the groups in order to make 

meaningful comparisons of any observed differences. If 

difficulty level was adjusted so that each age group could 

do the task equally well, then it was expected that the 

number of signals identified during the task would be equal 

for all groups. Second, an analysis was necessary to deter

mine if the performance measurement remained constant through

out the task. In order to eliminate confounding, behavioral 

changes should not be reflected in the performance measure 

since the adaptive variable should absorb all the variance. 

The results of the analysis would demonstrate if the adap

tive logic met this requirement. 

34 
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Alterations in signal width were necessary in order to 

maintain constant performance. These adjustments indicate 

that the task was adaptive. The manner in which the diffi

culty level was adjusted during the task served as an indice 

of the subject's behavior. Analysis of the adaptive vari

able, signal width, indicated whether the task was adaptive 

and any differences of vigilance performance between the four 

groups. The major purpose of the design was to ascertain if 

the adaptive vigilance yielded similar results as the depen

dent variable, correct detections, in the basic vigilance 

task. 

It was assumed that altering the vigilance task to an 

adaptive mode would not modify the behavior being investi

gated/but only reflect those aspects in another measure. 

The validity of this assumption was tested by considering 

not only the adaptive variable,but also other dependent 

variables. Signal latencies, false alarms, and false alarm 

latencies were the dependent measures included in order to 

substantiate that the results of the basic vigilance task 

could be replicated. In addition, statistical designs of 

all the variables were selected so age groups for both normal 

and learning disabled children could be compared. 

Correct Detections 

All assumptions for the split-plot analysis for the 
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dependent variable were met except for symmetry of the 

variance-covariance matrix. Therefore, the degrees of free

dom for the within group variable and the corresponding 

interactions were modified for a conservative test of the 

F ratio. With this statistical procedure, computations of 

the F ratios are done in the normal manner, but the F table 

is entered with the modified degrees of freedom (Kirk, 1968, 

p. 287). In the present analysis, determination of signifi

cance for the obtained F values of the within effects was 

based on 1,36 degrees of freedom. The within group variable 

of the design was six 5-minute time blocks. 

The analysis of the data, presented in Table 3, indi

cated a significant difference between groups (F=4.75, df= 

1,36, £<.05). Normal children detected more signals than 

LD children. The main effect of age was also significant 

(F=26.18, df=l,36, £<.01) which indicated that older chil

dren correctly identified more signals than younger children 

These results show that task difficulty was not equated 

between groups. However, neither the interactions nor the 

within group variable was significant, which suggest that 

performance was maintained at a constant level throughout 

the task. The descriptive statistics for the main effects 

are presented in Table 4. 
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TABLE 3 

ANALYSIS OF VARIANCE SOURCE TABLE 
FOR CORRECT DETECTIONS 

Source SS df MS 

Between S u b j e c t s 

A - Groups 

B - Age 

A X B 

S u b j . wgr. 

Within S u b j e c t s 

51.34 

175.10 

3.50 

389.52 

1 

1 

1 

36 

51.34 

175.10 

3.50 

10.82 

4.75* 

16.18** 

.32 

C - Time 

A X C 

B X C 

A X B X C 

C X Subj. wgr. 

**p<.01. 

*p<.05. 

29.34 

17.94 

38.77 

18.87 

446.58 

5 

5 

5 

5 

180 

5.87 

3.59 

7.75 

3.77 

2.48 

2.37 

1.45 

3.13 

1.52 



TABLE 4 

DESCRIPTIVE STATISTICS FOR 
CORRECT DETECTIONS 

38 

Condition Mean 
Standard 
Deviation 

A - Groups 

Normals 

LDs 

6.85 

5.93 

1.90 

2.41 

B 

C 

- Age 

7-8 

10-11 

- Time 

1st 

2nd 

3rd 

4th 

5th 

6th 

k 

Block 

Block 

Block 

Block 

Block 

Block 

5.53 

7.24 

6.80 

6.60 

6.65 

6.43 

5.83 

6.03 

2.52 

1.'41 

1.67 

1.78 

2.03 

2.32 

2.69 

2.57 
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Adaptive Variable 

The six 5-minute time blocks were used as the within 

variable for the first split-plot analysis. Signal width 

as defined by W values served as the dependent measure. 

The W values were incremental measurements of distance from 

the nonsignal width value with each increment equivalent to 

.64 cm. A conversion table of W values to signal width in 

centimeters is found in Appendix B. 

The F test for homogeneity of variance (Kirk, 1968) 

revealed that the interactions and the variable C (time) 

were significant. An examination of the data showed that 

the distribution of the scores was positively skewed. Thus, 

a log transformation was applied to each score as follows: 

x' = lo^io ^̂ ^ * 

This transformation resulted in homogeneity of variance and 

normalcy. The descriptive data for the analysis (Table 5) 

are presented in terms of raw scores of W. A test of the 

symmetry-equality assumption revealed that the assumption 

of symmetry was not met; therefore, a conservative evalua

tion of F was used. Degrees of freedom for the within 

variable and related interactions were 1,36. 

The analysis indicated a significant difference between 

groups with the normal group operating at a more difficult 

level (i.e., a smaller signal width) than the LD groun 

(F=4.93, d£-l,36, £<.05). As was expected, younger children 



40 

TABLE 5 

DESCRIPTIVE STATISTICS FOR 
SIGNAL WIDTH 

Conditions Mean 
Standard 
Deviation 

A - Groups 

Normals 

LDs 

6.91 

9.89 

6.57 

7.30 

B - Age 

7-8 

10-11 

11.63 

5.17 

7.47 

4.91 

C - Time 

1st 

2nd 

3rd 

4th 

5 th 

6th 

Block 

Block 

Block 

Block 

Block 

Block 

5. 

6. 

8. 

9. 

10. 

10, 

11 

,87 

,04 

.12 

.32 

.95 

4.19 

5.53 

6.66 

7.54 

8.10 

8.28 
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maintained a larger signal width than older children 

(F=17.59, df=l,36, £<.01). There was no significant rela

tionship between age and groups. The source table for the 

analysis is shown on Table 6. 

The significant time effect (F=14.68, df=l,36, £<.01) 

illustrates the typical vigilance task. A post hoc analysis 

by means of the Tukey HSD statistic revealed that signal 

width increased with time. Elucidation of the decrement 

effect is found in the significant relationship of age and 

time (F=4.51, df=l,36, £<.01). Pairwise comparison pro

cedures (Tukey HSD) revealed that the older age group main

tained a constant signal width during the task. However, 

the younger children showed a steady increase in signal width 

until the sixth time block. Thus, the time effect was due 

to the performance of the younger children. The changes of 

W for the two groups during the six time blocks is depicted 

in Figure 4. 

There were no significant differences between the LD 

and normal children of each age group (A x B x C interaction) 

Although, no significant interactions were observed for the 

group variable, the main effect relationship suggests that 

although LDs operate on an easier level than the matched con

trol group, the function of the adaptive variable over time 

does not differ. 

After examining the data, it was believed that the 
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TABLE 6 

ANALYSIS OF VARIANCE SOURCE TABLE FOR SIGNAL WIDTH 
(LOG,Q TRANSFORMATION) 

Source SS df MS 

Between Subjects 

A - Groups 

B - Age 

A X B 

Subj. wgr. 

2 . 4 0 

8 . 5 5 

0 . 3 9 

1 7 . 5 0 

1 

1 

1 

36 

2 . 4 0 

8 . 5 5 

0 . 3 9 

0 . 4 9 

4 . 9 3 * 

1 7 . 5 9 * * 

0 . 8 1 

Within Subjects 

C - Time 

A X C 

B X C 

A X B X C 

C X Subj. wgr. 

2 . 1 1 

0 . 0 7 

0 . 6 5 

0 . 0 7 

5 . 1 8 

5 

5 

5 

5 

180 

0 . 4 ] 

0 . 0 1 

0 . 1 3 

0 . 0 1 

0 . 0 3 

1 4 . 6 8 * * 

0 . 5 0 

4 . 5 1 * * 

0 . 4 3 

**p<.01 

*p<.05 
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Figure 4 . Average signal width of the two age groups for 
each five minute block 
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adaptive scores should not reflect the level the child was 

operating, but should only reflect changes in signal width. 

In the previous analysis, the cell means included children 

operating at various levels of difficulty. A more refined 

analysis would be achieved by using each child's initial 

signal width as the reference point for changes in W. There

fore, it was decided to use the first signal width after the 

practice session as a zero point and compute changes in sig

nal width from this reference. The method would have the 

effect of co-varing out the difficulty level at which the 

child is functioning. 

An examination of the data revealed that the use of 

increment changes from a zero reference point distorted the 

data. When a subject started with a wide signal width, there 

were only a few possible adaptive changes before the limits 

were reached. On the other hand, a subject who started with 

a small signal width had many possible changes. When using 

the rate of change as the dependent measure, a person with 

more potential changes would have a poorer score than one 

with few potential changes. Therefore, it was decided to 

use proportions of the subject's possible range as the mea

sure of incremental changes. The upper limit of the range 

was determined by the child's minimal signal width he had 

achieved during the task. It was believed that this point 

was the smallest width the child could distinguish a signal 
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from a nonsignal. The lower limit of the range was the 

maximal signal width the child could obtain. The algorithm 

used for conversion of the scores was: 

X - X . , min 
X = 

X - X . 

max m m 

The proportional scores were used in the second analysis 

of the adaptive variable. The within variable for the analy

sis was number of signals. Since the signal width never 

remained constant, the scores of two signals were used as a 

data point in order to minimize the fluctuation. Using the 

strategy of combining two signals, the within variable had 

30 levels (60 signals divided by 2). 

A test of F indicated that the assumption of homo-max 

geneity of variance had been violated. The cell means and 

standard deviation were highly related; therefore, a recipro

cal transformation was used. The transformed score was 

given by: 

X + 1 

It was assumed that the assumption of symmetry and equality 

were not met and a conservative F with 1,36 df̂  was used. 

The conservative test did not affect the acceptance or 

rejection of any F ratios. 

The results were similar to those of the first analysis 

(Table 7). A significant main effect for groups was found 
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TABLE 7 

ANALYSIS OF VARIANCE SOURCE TABLE PROPORTIONAL SCORES 
OF SIGNAL WIDTH (RECIPROCAL TRANSFORMATION) 

Source SS df MS 

Between Subjects 

A - Groups 

B - Age 

A X B 

Subj. wgr. 

1.40 

5.59 

.18 

12.48 

1 

1 

1 

36 

1.40 

5.59 

.18 

.35 

4.04* 

16.13** 

.53 

Within Subjects 

C - # of signals 

A X C 

B X C 

A X B X C 

C X Subj. wgr. 

**p<.01 . 

*p<.05 . 

3.53 

.25 

1.28 

.17 

7.15 

29 

29 

29 

29 

1044 

.12 

.01 

.04 

.01 

.01 

17.76** 

1.26 

6.45* 

.84 
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(F=4.04, df=l,36, p<.05). No interactions which included 

the group variable was significant. There were differences 

between the age groups with older children having a higher 

mean performance measure than younger children (F=16.13, 

df=l,36, p<.01). Performance changes were dependent upon 

time (F=17.76, df=l,36, p<.01); however, the age/signal 

interaction showed that the effect was due to the rapid 

change in signal width for the younger children (F=6.49, 

df=l,36, p<.05). Again older children showed no decrement 

as measured by the adaptive variable; whereas, younger chil

dren had a consistent increase in signal width until the 

last ten signals. The graph for the interaction means is 

presented in Figure 5. The raw scores were plotted so a 

direct comparison of the two analyses of the adaptive vari

able could be compared. 

Signal Latencies 

The F test revealed nonhomogeneity of variance. An 
max 

examination of the data indicated that it was positively 

skewed; therefore, a log transformation was used on all 

scores. The test of symmetry was significant, and the con

servative F test (df=l,36) was used for the within variable 

and the corresponding interactions. The within variable 

was time. 

No significant differences (Table 8) were observed 

between the normal and LD groups. As would typically be 
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TABLE 8 

ANALYSIS OF VARIANCE SOURCE TABLE FOR SIGNAL LATENCIES 
(LOG TRANSFORMATION) 

Between Subjects 

A - Groups 

B - Age 

A X B 

Subj. wgr. 

Within Subjects 

C - Time 

A X C 

B X C 

A X B X C 

C X Subj. wgr. 

**p<.01. 

*p<.05. 

Source SS df MS 

029 

343 

014 

847 

1 

1 

1 

36 

.029 

.343 

.014 

.024 

1.218 

14.593** 

.594 

151 

020 

016 

033 

774 

5 

5 

5 

5 

180 

.030 

.004 

.003 

.007 

.004 

7.028* 

.939 

.753 

1.535 

TEXAS TECH LluRARY 
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expected, younger children took longer to respond to a sig

nal than older children (F=14.59, df=l,36, p<.01). As shown 

in Figure 6, there were changes in the latency responses as 

a function of time (F=7.03, df=l,36, p<.05). A post hoc test 

of the data revealed a tendency to take a longer time before 

making a response as the task progressed (see Table 9). The 

functional relationship of response latencies and time demon

strates the typical vigilance decrements usually measured by 

other dependent variables such as the number of correct 

detections. No other treatment effects were significant. 

False Alarms 

The assumptions of homogeneity of variance and normality 

were tested. The F test was significant for the inter-
max 

action treatment effects. When the data were examined, ex

treme scores caused the data to be positively skewed. A log 

transformation for scores was applied. Since several sub

jects had no false alarms resulting in zero scores, the data 

were transformed as follows: 

x' = log Q (x + 1) 

The assumption of symmetry and equality were tested and sig

nificance was obtained for the test of symmetry. The con

servative F test with 1,36 degrees of freedom was used. 

The results of the analysis revealed no significant 

differences between means for any treatment effect of the 
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TABLE 9 

DESCRIPTIVE STATISTICS FOR 
SIGNAL LATENCIES 

Standard 
Conditions Mean Deviation 

A - Groups 

Normals 103.89 23.15 

LDs 109.40 25.41 

B - Age 

7-8 115.98 24.54 

10-11 97.31 20.46 

C - Time 

1st Block 

2nd Block 

3rd Block 

4th Block 

5th Block 

6th Block 

95.34 

102.29 

107.90 

106.27 

112.43 

115.06 

17.64 

21.61 

25.27 

27.77 

25.68 

23.65 
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dependent measure suggesting that the false alarm rate was 

not indicative of any specific behavioral manifestations 

for a particular group. The source table is presented in 

Table 10 and the descriptive data in Table 11. 

False Alarm Latencies 

A one-way analysis of variance was used to measure the 

dependent variable for the four groups. To achieve homo

geneity of variance, the log transform was used. As is 

shown in Table 12, no significant differences in latencies 

were found among the groups. The descriptive data are 

presented in Table 13. 
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TABLE 10 

ANALYSIS OF VARIANCE SOURCE TABLE FOR FALSE ALARMS 
(LOG^Q TRANSFORMATION) 

Source SS df MS 

Between Subjects 

A - Groups 

B - Age 

A X B 

Subj. wgr. 

. 0 1 

. 0 1 

. 8 1 

9 . 0 8 

1 

1 

1 

36 

. 0 1 

. 0 1 

. 8 1 

. 5 3 

. 0 1 

. 0 1 

1 . 5 3 

Within Subjects 

C - Time 

A X C 

B X C 

A X B X C 

C X Subj. wgr 

. 2 1 

. 0 8 

. 3 8 

. 0 5 

9 . 5 8 

5 

5 

5 

5 

180 

. 0 4 

. 0 2 

. 0 8 

. 0 1 

. 0 5 

. 7 7 

. 3 1 

1 .42 

. 1 8 
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TABLE 11 

DESCRIPTIVE STATISTICS FOR 
FALSE ALARMS 

1st 

2nd 

3rd 

4th 

5th 

6th 

Block 

Block 

Block 

Block 

Block 

Block 

2. 

2. 

1. 

2. 

1. 

2. 

.40 

.33 

.68 

,40 

,95 

,00 

Standard 
Conditions Mean Deviation 

A - Groups 

Normals 2.23 3.39 

LDs 2.03 3.61 

B - Age 

7-8 2.30 3.97 

10-11 1.95 2.96 

C - Time 

3.29 

4.49 

2.46 

3.75 

2.91 

3.86 
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TABLE 12 

ANALYSIS OF VARIANCE SOURCE TABLE FOR FALSE ALARM LATENCIES 
(LOG TRANSFORMATION) 

Source SS df MS F 

Between Groups .40 3 .13 .74 

Within Groups 5.93 33 .18 

Total 6.33 36 

TABLE 13 

DESCRIPTIVE STATISTICS FOR FALSE ALARM LATENCIES 
(LOG^ TRANSFORMATION) 

Condition 

Normal 

7-8 

10-11 

LDs 

7-8 

10-11 

Mean 

93.06 

84.18 

93.07 

75.23 

Standard 
Deviation 

36.49 

16.22 

35.54 

31.44 



CHAPTER IV 

DISCUSSION 

The present research was designed to test the effective

ness of adaptive procedures as a means of equating task dif

ficulty for children of different ages. The vigilance task 

which has recently been employed for studying the attentional 

deficit of LD children is susceptible to age/task difficulty 

confounding and, therefore, served as the basic tool to 

address this question. It was hypothesized that adaptive 

techniques would modify the task so that each child could 

operate at his own level of competency. 

The basic assumption of the adaptive technique is that 

every individual is working at his optimal level of diffi

culty. The task is neither too easy nor too difficult. 

Therefore, traditional performance measures remain constant 

while various task dimensions are altered in order to main

tain that performance at the appropriate level. For optimal 

performance, the allowed error rate should be minimum. Per

formance can stabilize at any level of difficulty, but error 

rate determines the relative ease that the subject has in 

responding to the task demands. Thus, an adaptive task 

should meet two basic requirements: constant performance 

and a minimal error rate. 
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In the present investigation, data analysis showed that 

performance remained constant over time, which satisfies the 

first requirement of an adaptive task. However, the mean 

number of signals detected differed for all four groups. 

For example, younger children detected 33 of the 60 signals 

while older children detected 43 signals. The difference 

in the number of signals detected for the two groups indi

cates two results: (1) younger children are operating at 

an easier level of difficulty, and (2) the error rate between 

the two groups differ. 

An examination of the data reveals that the adaptive 

variable, signal width, is indeed greater for younger chil

dren (see Figure 4). In this respect, the results of the 

adaptive logic were as expected. The problems with the 

adaptive procedures used in the present experiment lies in 

the failure of the adaptive logic to maintain error rate 

constant for all subjects, the second requirement of an 

adaptive task. The inconsistency found in error rate, how

ever, is not within groups, but specifically between groups. 

If raw scores (number of signals detected) are converted 

to percentages, it is found that the older children identi

fied 72% of the signals, whereas the younger children identi

fied 55%. Error rate, derived from the reciprocal of these 

percentages, is .28 for older children as compared to an 

error rate of .45 for the younger group. The correct 
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detection analysis showed no significant changes in group 

error rate over time, which indicates that error rate was 

constant but not equal for the two age groups. For task 

difficulty to be equated, the error rate should be the same 

for all individuals regardless of group membership. 

The adjustments in signal width were modified to meet 

each subject's capabilities. For example, the average sig

nal width for younger children was 11.4 3 cm while for older 

children the signal width was 9.53 cm. In addition, the 

increase in signal width over time for the younger group 

indicates that the task was altered in order to maintain 

performance at a constant level. Thus, the adaptive variable 

does change during the task. Unfortunately, meaningful com

parisons between the age groups cannot be made since the 

task is apparently more difficult for younger children than 

for older children. 

The obvious question which arises from these findings 

is how should the adaptive logic be changed in order to 

eliminate confounding of task difficulty? Naturally, the 

adaptive logic should evolve around a predetermined rate of 

error. With the procedures presently employed, a fixed 

error rate would increase the signal width so wide that the 

parameter could not be used as an adaptive variable. There 

are only 24 possible changes in W which limits the number of 

times adjustments can be made in the signal width. 
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A procedure which might be feasible is to change two 

variables, signal width and signal frequency. Signal fre

quency could be used in the adaptive logic to equate error 

rate. The major problem with adaptive procedures in a 

vigilance task is the limited number of trials to control 

error rate. While younger children only detected 55% of 

the signals, the false alarm rate was similar to the older 

age groups. These results suggest that younger children 

have difficulty concentrating on the task instead of an 

inability to do the task. However, if more signals are 

presented, the probability of any event being a signal is 

increased and there would be more trials to maintain error 

rate at an optimal level. 

To avoid the difficulty of coping with two adaptive 

measures, signal width could be utilized in the adaptive 

logic during a set number of pre-trials or practice session. 

The purpose of changing signal width would be to insure that 

the signal has equal saliency for each invididual. The 

signal should be as easily detected by a younger child as it 

is for the older child. The pre-trials would determine what 

the necessary signal width for each child should be. During 

the actual test situation, the adaptive logic could be changed 

so that signal frequency serves as the adaptive variable. 

The proposed procedural changes are only tentative. 

Since many parameters, which have been well documented, are 
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known to affect vigilance performance, other adaptive 

strategies might be used. The results of this study indi

cates that careful consideration be given to error rate 

when developing the adaptive logic. Error rate becomes 

exceedingly important when studying groups whose performance 

measures may show large differences. Previous application 

of adaptive techniques have been employed mainly when an 

individual's score is of primary concern. But as the tech

niques become a tool for other experimental usages, more 

emphasis will be placed on group scores. It would be a mis

take to accept the error rate obtained by the adaptive pro

cedure as the absolute value necessary to maintain perfor

mance at an optimal level. Each treatment in an experiment 

alters the error rate which in Vim changes the difficult/ 

level of the tas'/i. ,h':3, <'zcror r<yt^z -^.'r.o A'l r.ot r-

result of the procedures, but the basis of an actual decision 

rule in the adaptive logic. Otherwise, error rate differences 

lead to an inability to make valid comparison. The major 

rule is that the dependent variable is the adaptive variable 

and all other measures should remain constant. 

Although task difficulty is not equated, some inferences 

can be made from the data analysis. Both analyses of the 

adaptive variable and correct detections showed that LD chil

dren detected fewer signals than the matched control group. 

Prior research has shown that the basic vigilance task can 
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successfully differentiate normal and learning disabled 

children. Typically, LD children miss more signals than 

normal children. The interpretation has been that the 

poorer performance scores of the LD children indicates an 

attentional deficit. The similar results obtained in the 

present study lends support to the reliability of these 

findings. 

One question which the present investigation addressed 

was the possibility of maturational differences in the at

tentional deficit. Since the interaction effect of age by 

groups was insignificant, the results suggest that the atten

tion deficit is present for both age categories and that the 

deficit is as great at one age as it is the other. This 

finding does not lend any credence to the notion that a 

maturational lag may be the basis of the learning disability 

syndrome. However, if attention is the cardinal symptom of 

learning disabilities, as Dykman and his associates have 

proposed (Dykman, Ackerman, Clements, & Peters, 1971), the 

symptom could be the last behavioral manifestation of the 

syndrome which would disappear. Before any conclusive state

ments can be drawn, older children would have to be included 

in the experimental design. The major benefit of this find

ing, if replicated, is that children of different ages can 

be used in the same study as long as they are compared to a 

carefully matched control group. 
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The only observation of maturational differences were 

in the latency measures. No differences were observed in 

the LD and normal categories, but younger children in general 

took more time to respond. Due to the developmental differ

ences between the age groups, this result was expected. 

Although comparisons in the attention span between 

groups cannot be made, it is interesting to note that all 

groups have a similar decline in performance. These results 

have been obtained between normal and LD children in previous 

studies which used the basic vigilance task (Anderson, Halcomb, 

Ozolins, & Hopson, 1974; Halcomb, Anderson, Hopson, & Ozolins, 

1973). The LD group may display poorer overall performance, 

but apparently the same behavioral changes occur over time. 

This implies that the deficit of learning disabled children 

could be strictly an attentional input problem. Whenever LD 

children respond to a signal, they respond as normal children 

would. The problem is that they respond less frequently. 

Additional support for an attentional input hypothesis 

is found in the latency scores for the detected signals. No 

differences in responding were observed between LD and normal 

children. Latencies would be a measure of output from a sys

tem, and lack of significant differences implies that the 

output systems are similar. Dykman, Walls, Suzuki, Ackerman, 

and Peters (1970) have hypothesized that hyperactive children 

are weak in tasks requiring "attention-in" processing. A 
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vigilance task requires constant attention to the stimuli 

in order to perform well on the task. Therefore, if a child 

is distracted or has an attentional deficit, he can not make 

decisions about the relevancy of the stimuli since apparently 

the stimulus was not observed. 

The primary differences in the results of the present 

investigation and studies using the basic vigilance task is 

the false alarm rate of the learning disabled children. Ex

perimental results have illustrated that hyperactive children 

tend to be distracted by objects in the environment, making 

it difficult to attend to relevant stimuli. When a visual 

distractor was used in the basic vigilance task (Doyle, 

1973) , learning disabled children were attracted to the dis

tracting stimuli more frequently and for longer periods of 

time than nondisabled children. Since no differences were 

observed in the false alarm rate between normal and LD chil

dren, the task environment may have been a factor. The room 

was dimly lit, which made it difficult to see other objects 

in the room. Since the distractors would have been minimized, 

possibly the child was forced to focus his or her attention 

on the task, thereby improving performance. Observations of 

the children throughout the task indicated that the children 

appeared to be very attentive, which gives some credence to 

a minimal distraction hypothesis. 

Another factor which may have affected the false alarm 
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rate is the task itself. Most of the children reported that 

the task was "fun" and thought that the task was easy. Since 

the children were not inforn>ed of the constant changes in 

signal width, the adjustments may have been interesting 

enough to keep the child's attention. Another interpretation 

, would be that the dull experimental setting enhanced the 

appeal of the task. 

While speculations are limited and may be somewhat 

premature, the observational findings were totally unexpected 

The false alarm rate found with the basic vigilance task has 

been considered to be a measure of impulsivity. Other inves

tigators have found impulsivity to be a major component of 

the learning disability syndrome. Luria (1961) has proposed 

that the attentional deficit of hyperactive children results 

in poor impulse control. He attributed their impulsivity to 

be a consequence of weak inhibitory processes. Dykman and 

his associates (Dykman, Walls, Suzuki, Ackerman, & Peters, 

1970) found hyperactive children to react impulsively to 

familiar irrelevant stimuli. Nevertheless, no iiapulsive be

havior was observed in the present study. In addition, no 

differences in false alarm latencies were observed between 

normal and learning disabled children. Learning disabled 

children should have had shorter response latencies if the 

children had weak inhibitory processes and spent little time 

niaking a decision. Due to the uniqueness of these results. 



66 

the adaptive task should be used in a second study under 

similar experimental conditions to determine if the same 

behavioral phenomena occurs again. 

Although adaptive logic failed to equate error rate for 

the groups, quantified information was obtained about the 

attentional deficit found in learning disabled children. 

The basic vigilance task was too easy for older children, and 

differential information could not be obtained about older 

disabled and nondisabled children. Results from the present 

study indicated that within the age range tested, the atten

tion deficit was not a function of age. 

Since all performance measures, except the false alarm 

analysis, yielded results similar to the basic vigilance 

task, the vigilance methodology appears to have reliability 

as an assessment/diagnostic tool. The unusual findings of 

the false alarm data merits some attention in future investi

gations. The concept of impulsivity tends to be synonymous 

with hyperactivity and/or learning disabilities. Should the 

findings of the present study be replicated, the procedures 

may yield some insight as to what methods can be used to 

control the impulsive behavior. 

Since the LD population is comprised of a heterogeneous 

group with diverse behavioral manifestations, it has been 

difficult to categorize the dimensions of the learning dis

ability syndrome. In the present study the restricted 
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selection techniques were effective in delimiting the sub

jects to a more homogeneous group. This is evident by the 

comparison of the variance measures on all performance 

scores between normal and disabled children. The LD groups 

usually had larger variance scores, but the deviation was 

within a reasonable range. These results suggest that sub

ject selection be limited to a well defined group or sub

group so that classification of the characteristic of that 

particular group can be successfully obtained. 

The adaptive principles were used in the present study 

to address specific questions in the area of learning dis

abilities. The problem of task difficulty, however, is 

inherent in many research areas, particularly when consider

ing age and IQ factors. Since difficulty level in an adap

tive task is equated for all individuals, the methodology is 

applicable to these research endeavors. 

The introduction of adaptive techniques to the area of 

learning disabilities has an additional benefit. Adaptive 

procedures have been used for training and might be used as 

a technique to train LD children to cope with their handicap. 

If the adaptive task was responsible for the decreased false 

alarm rate of the disabled children, then allowing each child 

to operate at his own level of proficiency may have minimized 

the frustration of the child and increased his motivation to 

perform the task. Since task difficulty is dependent upon 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

The attention/distractibility hypothesis proposed by 

various authors has led to research efforts which have con

tributed to the area of learning disabilities of children. 

The major result of these studies is the emphasis on using 

objective indices for understanding the behavioral phenomena 

instead of placing reliance on subjective evaluations. 

Several laboratories have begun to develop diagnostic and 

remediational systems based on their empirical investigations. 

Research at the Texas Tech Laboratories has demonstrated 

that the vigilance task provides a means for quantitatively 

measuring the attention deficit found in children with learn

ing disabilities. The vigilance task was a simple 30 minute 

discrimination task which required the subject to constantly 

monitor events. The events were presented every two seconds. 

The subject was to respond to any red/green or green/red 

event that was observed. Responses made to red/red events 

or green/green events were recorded as false alarms. 

The methodology has proven to be a viable technique for 

systematically studying variables, which affect attention, 

under controlled laboratory conditions. It has been shown 

that the vigilance task was sensitive to such treatments as 

inedication, auditory distractors, and visual distractors. 
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However, the vigilance task is a fixed task which restricts 

generalizations of the research results. The developmental 

stages of children can vary dramatically from one age group 

to another; thus, it becomes important to ascertain the ef

fects of task difficulty. 

The purpose of the present study was to develop a task 

which was comparable for children of all ages. It was pro

posed that a vigilance task which utilized adaptive pro

cedures would eliminate confounding of task difficulty with 

age. With adaptive techniques, dimensions of the task are 

automatically altered so that the task requirements match 

the proficiency level of each individual. In order to make 

comparisons between individuals, the task is adjusted so 

that performance remains constant. With these procedures, 

all individuals are operating at an equivalent difficulty 

level. Therefore, meaningful comparisons between different 

age groups could be made since everyone is operating at his 

own level of competency. 

The adaptive vigilance task was similar to the basic 

vigilance task. The events were two dots presented on a 

screen every two seconds. A signal consisted of two dots 

which were further apart than the usual nonsignal. The 

distance between the signal dots varied. For those individ

uals who were missing signals, the signal dots got further 

apart, making them more conspicuous and easier to detect. 
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For those who found the task easy, the distance between the 

dots decreased. Modification of signal width was dependent 

upon the number of signals which were detected. 

The experimental design included four group categories. 

One group division included a learning disabled group and a 

nondisabled group. These groups were subdivided into two 

age categories, 7-8 years of age and 10-11 years of age. 

There was a total of 40 subjects with 10 subjects in each 

group. 

Three major topics were addressed in order to ascertain 

the effectiveness of the adaptive vigilance task. Enumerated 

below are the research questions which were investigated, 

followed by a brief summary of the obtained results: 

1. Are adjustments in difficulty level in the expected 

direction for different age groups? Is the task 

adaptive, i.e., does performance remain constant? 

The data analysis revealed that performance, number 

of signals detected, stabilized at a constant rate, 

but the difficulty level at which performance stabil

ized varied for each group. Normal children cor

rectly identified more signals than LD children, and 

older children detected more signals than younger 

children. Thus, the task was easier for nondisabled 

children than disabled children and easier for older 

children than younger children. It was illustrated 
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that error rate was not controlled in the adaptive 

logic and that this lack of control caused the 

discrepant results in the performance level. 

If errors had been maintained at a minimal 

level, the adaptive task would have been successful. 

Performance was held at a fixed level while the 

adaptive variable was adjusted accordingly. The 

results showed that younger children required a 

larger signal width than older children in order to 

detect a signal. Similar results were observed 

between LD and normal children. 

2. Are the research findings with the basic vigilance 

task replicated by the adaptive vigilance task? 

There were four dependent measures which were com

pared: number of signals detected, false alarm rate, 

rate of decline of the dependent variable during 

the vigil, and latencies. 

Typically, LD children identify fewer signals 

than normal children. In the present study, the 

correct detection analysis and the adaptive variable 

analysis revealed that LD children have poorer per

formance scores than the matched control groups. 

In addition, no differences were observed between the 

two groups in the rate of decline of the vigilance 

decrement. 
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Similar latency data were obtained in the 

present study as is observed in other vigilance 

studies. The lack of significance in latency 

scores was discussed as supportive evidence of an 

"attention-in" hypothesis. While LD children detect 

fewer signals than normal children, the response 

output appears to be the same. 

All findings except the false alarm data has 

been replicated by the adaptive vigilance task. 

Generally the false alarm rate is higher for LD 

children and has been viewed as a measure of impul

sivity. In this study, no differences were detected 

in the false alarm rate between normal and LD chil

dren. It was hypothesized that the experimental 

setting may have contributed to the discrepant 

results and should be investigated more extensively. 

In summary, all findings except the false alarm 

data were replicated by the adaptive vigilance task. 

In view of these results, it was assumed that the 

adaptive task measured the same behavior as the 

basic vigilance task. 

3. How do the disabled and nondisabled children compare 

at different age levels? Since the error rate was 

not equated for all groups, comparisons between the 

age groups can not be made. One observation can be 
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made about the data. With the basic vigilance task, 

older children find the task too easy and therefore 

it is impossible to determine if older LD children 

have an attentional deficit. A ceiling effect was 

not a problem with the adaptive vigilance since task 

difficulty could be altered. The results indicated 

that older LD children have poorer performance than 

the matched control group. It appears that within 

the age range tested,the learning disability problem 

is not due to a maturational lag. 

Because of the inherent problem with the adap

tive logic in the present study, it was suggested 

that future work include error rate in the algorithm 

of the adaptive logic. If decisions of task adjust

ments were based on error rate, performance would 

remain constant at some predetermined level. 

Although the adaptive procedures used in the present 

study were not entirely successful, the potential usefulness 

of the methodology cannot be ignored. In many research en

deavors, task difficulty frequently confounds the validity of 

the performance measure. This is particularly true when con

ducting cross-sectional and longitudinal studies or comparing 

deviant groups, i.e., mental retardates and normals. Usually, 

considerable time and effort is expended in trying to develop 

a variety of tasks in order to equate task difficulty among 
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groups. Unfortunately, when several tasks are included in 

an experimental design, there is no guarantee that the same 

behavioral phenomena is being measured. The advantage of 

adaptive techniques is that task difficulty can be equated 

for all individuals within the same task. Therefore, a 

meaningful dependent measure can be used for comparison of 

the groups being investigated. 

The specific area addressed in the present study con

cerned the testing of children with learning disabilities, 

but the adaptive principles are applicable to other areas. 

It is hoped that in the future other research endeavors will 

employ adaptive procedures and new avenues will be explored 

for which the methodology may be beneficial. 

The search for new methodologies to use in experimental 

research is a never-ending endeavor. The present methodology 

was used to quantify the attention deficit of learning dis

abled children in a controlled laboratory setting. Some 

researchers would argue that a controlled experimental task 

is a contrived situation which culminates in artificial 

results. It is true that a teacher could tell by observation 

that children with learning disabilities have an attentional 

problem. However, to develop tools for early assessment and 

diagnosis or to devise remediational methods, the problem of 

this heterogeneous population must be understood and classi

fied. Without manipulative abilities it is difficult to 
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arrive at conclusive answers. When limited to observations 

in a natural setting, the investigator may be led into reach

ing invalid conclusions. Unobserved variables may have 

influenced the behavior which was observed, and observed 

extraneous variables may play an irrelevant role. With 

observational studies, these factors can not be properly 

weighted. 

In a controlled environment, experimental manipulation 

can be exercised to control parameters which may affect the 

behavior being studied. This ability gives the investigator 

more power to know the dimensions of the behavioral phenom

ena. However, careful consideration should be given to the 

inferences made about the performance measurements from 

laboratory research. If the basic experimental data does 

not correspond to the behavior typically observed, erroneous 

conclusions could be obtained from the carefully controlled 

investigations. Realistic considerations should be given 

to empirical data to ascertain its validity. One advantage 

of laboratory experimental work is that conditions can be 

altered in order to test the validity of the experimental 

inferences. 

The objective of any scientific endeavor is to gain pre

dictive power in order to control behavior. The research 

methodology used depends upon the question. Hopefully, the 

adaptive methodology will prove to be an asset to future 



investigators in resolving present research questions and ^ 

allow flexibility for addressing new areas of research. 
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APPENDIX A: AUDIO TAPED RECORDED INSTRUCTIONS 

Prior to Practice Session 

Okay, listen carefully and I will tell you what we are 

going to do. Make yourself comfortable first. Remember, 

if at any time you don't feel well, or you need to leave, 

just knock on the door. Now, grip the red handle so that 

you can press the little button on top. Press it a few 

times. (Pause) Okay, here is what we want you to do. You 

will see two dots like those on the screen in front of you 

blink at the same time. When you see two blinking dots 

that look further apart than the dots you see on the screen, 

press the button. Okay? Don't press the button until you 

see the dots which have a wider space between them. Okay? 

Now, sit back, and watch the lights. Do not put your fingers 

on the screen. Okay? Let's practice first. Let's practice 

for five minutes. You'll be finished when the lights come 

on and stay on. Okay, let's practice. 

Prior to Experimental Session 

Now we want you to do the same thing for thirty minutes. 

Okay? Now, watch the dots and when you see the dots which 

look like they are further apart, press the button. Don't 

press the button when the space between the dots is like the 

dots on the screen. Remember, do not put your fingers on 



the screen. o.ay. ^ust liKe the practice, you will .e 

we go. 
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APPENDIX B: CONVERSION OF W VALUES TO CENTIMETERS 

W Centimeters 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

5.08 

5.72 

6.35 

6.99 

7.62 

8.26 

8.89 

9.53 

10.16 

10.80 

11.42 

12.07 

12.70 

13.34 

13.97 

14.61 

15.24 

15.88 

16.51 

17.15 

17.78 

18.42 

19.05 

19.69 

20.32 




