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SUMMARY

The results of research suggest that mentally

retarded people might have an attentional deficit or are

abnormal_1y distractible. The vigilance task provides a

method for investigating these possibilities, as well as

the suggestíon that they are more suíted to simple '
monotonous tasks than nonretarded persons. However, only

five studies had specífica11y investígated the vigílance

performance of míldly mentally retarded people. I¡lhilst

there was some apparent dísparíty in the results of these

studíes, the overall findings suggested that mental age

might be a primary factor of the performance of mentally

retarded people. This thesis investigated the vígilance

performance of mi1d1y mentally retarded persons in terms

of both attentional defícit and developmental lag

hypotheses.

None of the previous fíve studies had included the

subject groups necessary to test the developmental lag

hypothesis. Thus, Experíment 1 in this thesis

ínvestígated the performances of both mentally retarded

adults and children in comparíson to those of nonretarded

chronological age and mental age control subjects' In

additíon, the possibilíty of ínattention to the stímulus

source amongst younger sub jects \./as tested by comparíng

performances on auditory and visual tasks. Results

supported the developmental 1ag hypothesis and not the

peripheral inattention hypothesis. A1so, the results of a

l_



signal detectíon theory analysis indicated that the

mentally retarded chí1dren were slower to develop the

capacity to maintain discriminabilíty over time.

Given the evidence for a developmental L^g'

subsequent experiments ínvestigated the nature of the

change that occurs wíth age. Experíment 2 used continuous

auditory and visual tasks to investigate the possibility

that mentally retarded persons might be slower to develop

a strategy involving the ability to predíct when to attend

to stímulus events. It was hypothesized that use of such

a strategy would enable subjects to switch attentíon on

and off appropríately. However, results did not support

this particular strategy explanatíon.

Since previous evidence has suggested that mentally

retarded people find the vígilance task particularly

boring, it was hypothesized that mentally retarded

children might be slower to develop a willingness to

continue to attend to the vigilance task. An easy task,

involvíng the detection of a signal with an íntensity set

well above threshold leve1 which occurred frequently, v/as

presented to subjects to test this hypothesís. Results

failed to support willingness to contínue to attend as a

major factor, although signal characteristics such as

íntensity and frequency were shown to be important

determínants of the decrement.

The last three experiments investígated the relatíve

importance of signal intensíty and frequency on the rate

of decline of vigilance performance of mentally retarded

chíldren. These experiments were also used to test both a

11



fatigue and a memory explanation for the more rapíd

decline in detectíon performance, and assocíated

sensítivíty decrement, shown by mentally retarded children

in comparison to nonretarded children of símílar

chronologícal age. The results of these experiments

supported the hypothesis that the deveLopmental process is

concerned wíth a fatígue effect, that is, an increasing

abilíty to avoid becoming fatigued. Furthermore, the

fíndings \dere consistent with an explanatíon that the

fatigue process involves the nerve ce11s concerned with

the task performance becoming unresPonsíve or ínsensítive

through contínued activíty.
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CHAPTER 1

ATTENTIONAL DEFICITS IN MILDLY MENTALLY

RETARDED PERSONS

1.1 MENTAL RETARDATION

The problems associated with mental retardation are

complex and multifaceted. For example, there is still

disagreement as to its definitíon with different

defínítions reflecting varying theoríes of aetiology and

prognosis. In addition, there are many causes of mental

retardation, which may be due to endogenous or exogenous

factors or a combinatíon of the two. I¡Ihile many of these

factors are being identífied, there are stíl1 a large

number of cases which remain unexplaíned.

1.1.1 Definition

Initial concern with the classification of mental

retardation ín the nineteenth century was ín terms of

social competence whích sought out those people who

required care and protection ín ínstitutions. The

development of tests of measured intelligence at the

begínning of the twentieth century led to attempts to

identify those who could not profít from formal educatíon

and hence required special schooling. Intellígence tests

had the advantage of providing a quantifiable measure of

mental retardatíon.

The Amerícan Association on Mental Deficiency (MMD)

1
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adopted the definition of mental retardation as

"sub-average general intellectual functioníng existing

concurrently with deficits in adaptive behaviour, and

manifested during the developmental period" (Grossman,

]rg73). This definition combines both views, emphasizing

defícits in both adaptive behavíour as well as general

íntel1ectual functioning.

Thís is the most widely accepted defínition and

stipulates that three criteria must be met before a person

can be classifíed as mentally retarded. First '
sub-average intellectual functioning indicates that an

indívidual scores at least two standard devíatíons below

the population mean on a standard intellígence test'

second, the índivídual must demonstrate deficits ín

adaptive behavíour, that is the indívidual's adjustment to

the demands of the social environment must be impaired.

Adaptive behavíours are manifested in different ways at

dífferent ages. Duríng the preschool years adaptive

behavíour may be reflected in the development of

sensory-motor, communication and self-help ski1ls '

Throughout the school-age years, learning, or the ability

Eo acquíre academic skílls r or the applícatíon of

appropriate reasoning in the mastery of the environment ís

indícatíve of adaptíve behaviour. At the adult leve1,

vocational- performance and social responsibí1íty assume

prímary importance and so adaptive behavíour is indicated

by the abilíty to maintaín oneself índependently in the

community.

The third criterion is that defícits in íntellectual

2



functioning and adaptive behaviour must occur in the

developmental period, the upper limit of which is

approximately eíghteen years. This implies that mental

retard.ation is a developmental disorder and therefore, any

individual who reaches adulthood after a normal

development, cannot be considered to be mentally

reÈarded. Hence, inEellectual deterioration due to

senility or brain damage is not considered as mental

re tardat ion.

An important feature of the AAMD definition is the

emphasís on symptoms and not aetiology or prognosis.

Definitíon is ín behavíoural terms and no mention is made

of eíther cause or its permanence. Therefore, mental

retardation ís not defíned as írreversible.

1.1.2 Categories of Mental Retardation

Mental retardation can be divided ínto two broad

categories. One group consísts of people for whom

evidence exists which points to theír diminished mental

abílities being due to specific organic abnormalities.

This group is referred to as the organícal1y reÈarded.

The other group involves those people for whom there ís no

apparent biological or medical cause for their lowered

intellectual abílítíes wíth the functional reaction alone

being manifest. These people are labelled as culturally

retarded when theír retardatíon is consídered to be due to

psychosocial conditíons or familially retarded when their

retardatíon is considered to be due to hereditary.

The second grouP ís by far the larger with an

3



estímated 80% of the mentally retarded populatíon making

up this group (Neísworth and Smith, 1978). Most

indíviduals in this grouP manífest only mild mental

retardation compared to the organically retarded who tend

to be more severely retarded. ZígLer (1967 ' L969)

postulates that cultural-fami1ia1 retardation represents

the lower end of the normal distributíon of íntelligence,

thaL is, IQ scores between 50 and 70. However, there is a

disproportionate number of indivíduals with IQ's below 50

which cannot be accounted for by a normal curve

distribution, theír subnormal ínte11ectua1 functioning

beíng due to organic or physícal causes. Robínson and

Robinson (1976) have shown that the estímated actual

number of individuals wíth IQ's between 50 and 70 is close

to the estimated number calculated from the normal curve

distribution, whereas the estimated actual number of

índividuals with IQ's below 50 fat exceeds the estimated

number.

1.2 COGNITIVE PROCESSES IN MENTAL RETARDATION

Although the study of cognitive deficíts in

subnormality began in the nineteenth century' the

attention paid to the concePt of general intelligence

díverted research from defects in more specific areas of

cognítíve processes. However, over the Past few decades

there has been a large amount of research into specífíc

thinking and problem solvíng deficíts.

Differences ín performances found between retarded

and nonretarded persons are generally interpreted in two

4



opposing ways when consídering cultural-fami1ia1

retardation. one view ís that retarded persons suffer

from specific cognitíve or physiological defects resulting

in intellectual functioning dífferent from that of

nonretarded persons (Milgram, 1969). The contrastíng view

is that cultural-famí1ial retarded Persons suffer from a

developmental 1ag wíth a slower rate of cognitive

development and a more limited potential than nonretarded

persons. An implicatíon of this latter víew is that

retarded persons should perform símilar1y on cognitive

tasks as nonretarded persons of equivalent mental age'

cognitive research has suggested that attentional

deficíts are a major cause of adaptive behaviour dísorders

in mentally retarded people. Spitz (1963), Robinson and

Robinson (L976) and Zeaman and House (1963) reported that

retarded persons showed attentional diffículties in a

variety of problem-solving and discrimination learning

tasks. crosby and Blatt (1963) reviewed reports from a

number of studies whích suggested that particular learning

dífficulties demonstrated by retarded people were due to

attentíonal deficits. Retarded persons have also been

reported to perform poorly on tasks that requíre sustained

attentíon (Crosby' 1972i Krupskí ' L979).

1.2.1 Attentional Deficit Theories

Zeanar. and House (1963) proposed that the

difficulties retarded persons show in discríminatíon

learning tasks are due to límitations ín attending to the

appropríate stimulus dímensíon, rather than ín the ability

5



to select the appropriate cue withín the particular

dímension. ülhi1sÈ two-choice vísual díscrimínation tasks

r^rere used to test the hypothesís, it was suggested that

the theory should hold for other sensory modalitíes ' more

complex learníng tasks and for nonretarded people of

equivalent mental age. Thus a developmental hypothesis

underlies this theory. SupporL for this theory came from

Folkard (o974) who suggested that retarded subjects are

unable to attend to the correct dímensíon and o'connor and

Hermelin (L97L) who stated that mentally retarded Persons

need to find out precisely what they should learn before

they can learn.

Mentally retarded persons have also been consídered

to be abnormally distractible (Brown and Clarke' 1963;

O'Connor and Hermelin, L97L; Sen and Clarke ' 1968 ) .

However, Ellis (1963) found that distractíng stimuli

improved the learning performance of normal subjects but

had 1ittle effect on retarded subjects. Similarly' the

results of an ínvestigation by Crosby (I972) indícated

that mildly retarded children were not more easily

dístracted than nonretarded children of similar mental age

by irrelevan! facets of a stímulus dísplay.

The rates of adaptatíon to distraction by retarded

people were studíed by Brown (1966). Results showed that

the initial performance of a retarded group was affected

by distraction but thaE most subjects adaptedr so that

eventually there was no performance decrement. In

addítion, mí1dly retarded subjects adapted more easily

than severely retarded subjects. These fíndings support

6



the Zeaman and House (1963) contention that severely

retarded persons require more tíme to become familiar with

the task situation and to discríminate relevant from

irrelevant cues.

These attentíonal deficit models have been used as a

basis for describing h'ays of teaching and traíning

retarded people. Brown concluded, ín his study outlíned

above, that the training situation should be free from

distractions, particularly discontinuous extraneous

stimulation which would prevent adapEatíon and Prove more

distractíng. Gold and Scott (L971) stressed the need for

breaking down a task into stímulus and resPonse components

so that they could be learned sequentíally, with stímulus

cues being highlighted. Thus, the essential cues in the

task could be identified and selected. Gold (L973)

demonstrated that moderate and severely retarded adults

could perform complex assernbly work when the situation was

designed to overcome attentional defíciencies.

1.3 VIGILANCE EXPERIMENTS AND ATTENTIONAL
BEHAVIOUR

Vígilance experiments involve tasks whích are carríed

out in relatívely controlled environments whereby

extraneous stimulation can be extensively reduced.

Therefore, ít seems reasonable that this approach might

aid the study of the attentíonal behaviour in retarded

persons. Also, the dictum "dull minds for dull jobs" has

been applíed to the retarded person's work sítuation' that

is, work whích ís monotonous Eo people of at least average

intellígence might be pleasing to mentally retarded people

7



(Kohn, 1977). As vigilance tasks involve dull, monotonous

environments then they af.e ideally desígned to test thís

proposal. However, caution should be used when comparing

workshop situatíons to vigilance tasks via this dictum as

the former often requíre Perseverance rather than

vigilance.

The purpose of this thesis was to investigate

attentional deficits, specífically attentíon sPan

diffícultíes, ín míldly mentally retarded Persons vía

vigilance tasks. one aim was to further investigate the

disparíty in the results of experíments which have

compared the vígilance performance of retarded with

nonretarded subjects. Two studies found that mentally

retarded children showed lower overall detectíon scores

and an earlier and more rapid decline in vigilance

performance over time compared with nonretarded chí1dren

of equivalent chronological age (Kírby, Nettelbeck and

Thomas, L979; Semmel, 1965). However, the results of t1tro

other studies found no difference in either the rates of

decline in detection over time or overall detection scores

between mentally retarded adults and their nonretarded

counterparts (fir¡y, Nettelbeck and Bullock , I978; I¡lare '
Baker and sipowícz, L962). This thesís considered both

subject and task characteristics whích might not only

account for the dífferent results but also províde further

knowledge about the vígilance performance of mildly

mentally retarded Persons.

In order to understand vigílance performance in

retarded subjects, consideration wí11 first be given to

8



the performance of nonretarded Persons. Therefore' the

next chapter wíll be devoted to outlíníng the development

of vígílance research and subsequent fíndíngs of

investigations into the performance of nonretarded

persons. A number of theories whích have been advanced to

account for the findíngs wíll then be revíewed.

I

9



CHAPTER 2

VIGILANCE PERFORMANCE OF NONRETARDED PERSONS

2.1 BACKGROUND

Performance on attentive watch tasks has repeatedly

been observed to deteriorate as the watch Progresses.

These tasks have practical ímportance in areas such as

radarscope operatíon through to assembly-1ine inspection

of products.

One of the earliest studíes of this problem \¡Ias

carried out by lrlyatt and Langdon (L932) and involved

cartridge case ínspection. A sharp decline was found ín

the number of cartridge cases whích l4/ere rejected by the

operators after the first thirty to forty-five minutes of

work with 1ittle correlation between the íntel1ígence of

the operators and their efficíency. lJhílst similar

studies v/ere conducted, it was not until the Second l¡lorld

I¡lar that research directly concerned wíth sustained

attentíon, or the monitoring element, commenced.

British radar operators faí1ed to notíce potentíal

enemy submarine conÈacts whíle on patrol. In order to

ínvestigate this phenomenon, Mackworth (1948) devísed the

Clock Test which simulated the essentials of the rad'ar

operatorrs task. Subjects watched a black poínter six

inches long rotate in discrete steps on a whíte

background. These jr¡tnps took one second each, wíth one

hundred jumps completing a revolution. The signal ltas a

10



jutnp twice the usual distance to whích subjects were

requíred to respond by pressing a key. Twelve sígnals

r^rere presented in each half-hour of the two-hour task at

intervals varying from three-quarters of a minute to ten

minutes. There was a fíve-minute practice session with

ful1 knowledge of results prior to commencement of the

task. Mackworth found that the mean percentage of sígnals

detected fell after the first half-hour. Thís

deterioration in detectíon efficíency has subsequently

been found to occur in numerous other studies and is known

as the "vigilance decrementt'.

2.2 DEFINITION AND PARADIGM

The term "vígilance" ís difficult to defíne but has

been used by Head (1923) and later Mackworth (1957) to

refer to a prepared state of the nervous system to

discríminate and respond to smal1 changes in stimuli

occurring at random tíme intervals. Hence, this

definition implíes that vígilance is physiologícally based.

Vigílance tasks, otherwíse referred to as monitoríng

or watchkeepíng tasks ' were designed to measure this

hypothetícal state of vigilance and, as indicated by

Mackworth's experiment, involve the readiness to react to

infrequent, 1ow-intensíty and unpredíctable signals.

These tasks also entaíl the Presence or abserice of a

stimulus or the dífferences between varíous stimuli which

are eíther signals or nonsignals. The stímuli used as

signals characterística1ly occur at írregular and

infrequent time intervals, as prevíously stated, with the

11



intensity of signals being near the observer's threshold.

The duration of the signal is normally brief, although in

some tasks signals remain present until detected (for

example, Broadbent, 1950, 1951 ) . The task itself ís

usually, though not always, prolonged with experiments

having ranged from five mínutes (Davies, 1968; Thompson,

Opton and Cohen, 1963) to over several hours (We¡¡ and

I,rlherry, 1960 ) .

2.3 RESPONSE MEASURES

There are four maín measures of vigilance performance.

2.3.1 Correct Detections and Omission Errors

The detection rate is the ntunber of sígnals correctly

detecLed and is the most extensívely used measure in

vígílance studies. Coupled wíth this are the omissíon

errors which represent the number of sígnals the observer

fails to detect. Buckner, Harabedian and McGrath (1960)'

using both an auditory and visual task, and Baker (1963a)'

using two vísual tasks, have shown the test-retest

reliabí1ity of detection rate to be high' the average

correlatíon for both results being approximately 0.8.

2.3.2 Commission Errors

Commíssíon errors, also referred to as Type I errors'

false positives, or false alarms, indícate the reporting

of a sígnal when none was presented. Few corruníssíon

errors are usually found in experiments and so are

disregarded or, alternatively, added to omission errors to
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give a total error score (for example, Roby and Roazen,

1963).

McGrath (1963) objected to the combining of error

terms, stating that they are independent phenomena, and

suggested that false alarms could be a useful index of the

learning required to discríminate signals from nonsignals

and not of vigilance performance. Hence, varíables 1íke

the amourit of pre-task training, sígnal frequency and

knowledge of results should affect the commíssion error

rate. For instance, íf the signal has been properly

learned in the pre-task training session, then the number

of commission errors should be few throughout the course

of the task.

2.3.3 Reaction Time

The time lapse between the signal presentation and

the observer's resporìse has often been used as a

performance measure. This reactíon time has been taken as

an additional índex of monítoríng performance or' in some

experiments ín which the signal has persísted until

detected, as the only measure (Broadbentr 1950,1951).

Reaction time has been found to lengthen with time on

tasks conformíng to the vigilance paradigm (Buck, 1966) as

well as on tasks usíng signals presented above threshold

1evel or at regular intervals (Boulter and Adams, 1963;

Dardano, L962i McCormack and Prysíazniuk' 1961).

The relationshíp between detection rate and reaction

time ís unclear due to varying results, although some

studies have shown that variables which tend to increase

13



detectíon rate

example, Adams,

also

1956;

tend to shorten reactíon time (for

McCormack,1958).

2.3.4 d' and beta (ß)

I,rlhilst detection rate has been the most commonly used

measure of vigilance performance, it does not take ínto

accourit overall performance. Similar rates of detection

can be accompanied by both dífferent overall numbers of

commíssion errors, as well as changes over t,ime in the

rates of these errors. Signal Detection Theory (Green and

Swets, 1966) takes ínto account both the detection rate

and the commissíon error rate to assess the detectability

of the signal and the bias of the observer.

Sígnal Detection Theory assumes that to detect a

signal r êû observer must be able to distinguísh between

signal and nonsignal classes presented sequentially and

decide from which of the t\^to classes a parEicular

observation has been drawn. Hence, signal detection

involves the processes of "discrimination" and

"decisio¡I". Decísions are thought to be influenced by the

subjectíve probability that a signal will occur. d' ís a

measure of the discrímínation process and ß is a measure

of the decisíon process r both being deríved from

psychophysical data.

These measures are used to specífy whether changes ín

the numbers of correct detectíons and conunission errors

reflect a change ín the sensitivíty (¿') of the relevant

sensory system or a change in the observer's críteríon (ß)

value. A change ín either sensitivíty or críteríon is
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assumed to effect the likelíhood that the observer will

report a signal as present. So a decline in detectíon

rate over time can be víewed in terms of either a

reduction in sensitívíty or an increase in criteríon.

The theory assumes that, in the absence of a signal'

there is a constant, randomly varying neural activity or

noise occurríng in the nervous system and that the

magnitude of thís actívity follows a normal (Gaussían)

distribution. This neural noíse may be the result of

either spontaneous internal neural activity or the effects

of arry external nonsignal stimulation presented to the

subject. The superimposition of a signal on this

background noise increases the magnítude of the neural

process. The two distributions are assumed to be Gaussian

with equal variances and in signal detection theory, the

two distributions are always assumed to overlap Eo some

extent.

The measure d' is defined as the dístance, ín

standard score units, between the means of the noise (N)

and the signal plus noise (S + N) distributions. The

greater the value of d', the easier the signal is to

discriminate from noise, at least for an ideal observer.

ß is the ratio of the ordinate of the S + N distríbutíon

to the ordinate of the N dístribution (see Figure 2.L).

Both d' and ß are calculated from the ratio of correct

detectíons to false posítives expressed as probabilíties

and the value of d' can change without any variatíon ín

the value of ß and vice-versa.

The vigílance decrement has most often been found to

15



d'

Noise Distribution Signal plus Noise
Distribution

x(í) Decision Axis

FIGURE 2.1 Noise (N) and signal plus noise (S + N) distributions for Signal Detection
Theory. d'is the distance between the means of the distributions in standard score units.
Criterion alX(i) is the ratio of the ordinate of the S + N distribution to the ordinate of the
N distribution.
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be associated wíth a criterion increment; that is,

observers become more cautious or less confídent with time

on task, although perceptual sensitivity has been found to

decline in some tasks (Davíes and Parasuraman, 1982).

2.4 PSYCHOPHYSICS

A number of signal characteristícs and task variables

have been shown to influence vígilance performance. The

measures used have included overall performance and/or the

degree of change of these parameters over time on task in

terms of correct detectíons or with the additíon of

numbers of false alarms or response time.

2.4.1 Sense Modality

Vigilance experiments have used vísua1 ¡ auditory and

tactile stimuli. I^lhilst hígher overall leve1s of

performance have been reported on audítory tasks '
performance decrements have been found ín each of these

modes (Davenport, 19691 Gruber, 1964; Hatfíeld and Loeb'

1968; Mackworth, 1950). Studies comparíng performance

across the different sensory modes have failed to fínd a

sígnificant correlation and have been interpreted as

indicating that performance is modality specífic and not

controlled by one central process (Buckner and McGrath,

1963; Dember and Irlarm, L979 i Pope and McKechnie ' 1963 ) .

However, there ís some evidence to support the possíbílíty

that the abílity to maíntain vigilance is a general

characterístic. Some later studíes found sígníficant

ínter-modal correlatíons when tasks were equated across
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serrsory modalities for difficulty and tyPe of signal

díscrirnínation (Davies and Parasuraman' 1982).

2.4.2 Signal lntensity and Duration

Numerous investigatíons have been conducted into the

effects of signal intensity and duration on' vigilance

performance. Results have shown that increasing the

intensity of signals improves overall detection raÈe and

decreases response time for both visual (Adams' 1956;

Metzger, Í,rlarm and Senter , L97 4; Smíth and Boyes ' 1957 i

Teichner , Lg62; l.liener , 1964) and auditory tasks (1,ísPer

et al., L972i Loeb and Bínford, L963; Loeb and Schmídt'

1963; I^lebb and I,,IherrY, 1960).

There is also some indication that the decrement can

be reduced under these increased sígna1 intensity

conditíons. For example, Corcoran, Mul1ín, Rainey and

Frith (I977) demonstrated a vigilance increment over time

when the amplitude of the sígnal in an auditory task was

increased halfway through the task. Increases in signal

duration have also resulted ín a hígher probability of

detection (Adams , Lg56; Baker, 1963ci l'larm et al. ' 1970).

In additíon, Baker (1963c), using a visual task in whích

sígnal duration \ilas varied' found that signals of shorter

duratíon produced faster rates of declíne in detection

performance.

2.4.3 Signal Frequency and Inter-signal lnterval

Data on the effects of signal frequency on vigilance

performance have been comprehensively reviewed by Davies
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and Tune (1970 ). These investigations indicate that

sígna1 detection accuracy ímproves with increased signal

frequency. Increasing signal frequency within a set time

leads to greater a priori signal probability and decreased

observer temporal uncertainty and so improved performance

(l¡larm and Berch, 1985 ). Simílarly, this uncertaínty can

be altered by varying inter-signal intervals, In'ith regular

intervals being more predíctable. Generally, sígna1

detection raEe and detection speed have been found to be

directly proportional to the regularity of inter-signal

intervals (Adams and Boulter ' L964; Lisper and Tornros,

1974; lùarm, Epps and Ferguson, L974).

2.5 THEORIES OF VIGILANCE

A number of theoretical constructs have been

forwarded to explain the vigilance decrement, the relation

between sígnal frequency and detection probability' and

other facets of vígilance performance such as those just

described. A satisfactory theory of vigilance must, in

other words, t,ake into account the decline in performance

duríng a session and determinants of the overall level of

performance. The major theoríes wí11 be briefly

considered here.

2.5.1 lnhibition

An inhibitory state is postulated whích is similar to

that proposed by behavíourists to account for the

extínction of conditioned responses. Mackworth (1950)

emphasized these similaritíes in that there is no reward
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for responding to a signal, and thus the responses would

be weakened and inhíbited. That is, the vigilance

decrement ís caused through inhibítion which could be

corrected by interruptions and longer rests. However,

this decrement is not simply an extinction of the

conditíoned response to the signal since the declíne would

then be faster when sígnals are more frequent whereas the

reverse has , in fact, been shown (for example, Deese,

19ss ) .

I¡lelford (1968) consídered that thís extinctíon theory

is more víab1e íf the absence of reinforcement is thought

of as brínging about a decrease in motivation. Evidence

in support of this contention is that the performance

decline has been reduced or prevented with better grade

students, who are regarded as more highly motivated

(Kappauf and Powe' 1959)' by the Presence of an officer

for army trainees (Bergum and Lehr, 1963) and monetary

rewards f or good detection (Sípowicz, I,rlare and Baker,

L962).

Howeverr âs motivation appears to increase

activation, thís theory can be consídered as a sub-class

of an arousal theory.

2.5.2 Expectancy

The expectancy theory postulates that vigilance

performance ís a function of the signal rate expected by

the observer based on previous experience of occurrence of

signals (Baker, 1963b; Deese, 1955). 0bservers are

assumed to contínuously average tímes between prevíous

/
$i
trl

fl

20



signals so that future signal events can be predicted.

This hypothesis predicts enhanced detection performance

when sígnals occur at regular time intervals and more

frequently since accurate expectations are more easí1y

formed. Davis (1958, 1966) and Buck (1963) have suggested

that expectancy may account for some indus,trial and

driving errors, such as a train driver missing a sígnal

when it is unusually agaínst hím.

Colquhoun and Baddeley Q964, 1967 ) have demonstrated

that subjects detected more signals and scored more

commission errors following a practice session in which

there was a high probability of signal occurrence compared

with a practice sessíon in whích sígnal probabílíty was

low. Further support for the expectancy hypothesís comes

from studies whích have shown that knowledge of results

improves both detectíon rate and speed of response in

vígilance tasks (see Davíes and Tune, L97O; Davies and

Parasuraman, L982). Knowledge of results would aid

observers to form more accurate expectations. 0n the

other hand, false or random knowledge of results has been

shown to be as effective as true knowledge of results in

improving detectíon performance (l,oeb and Schmídt L963i

I^larm et aL. L974). A1so, uncertainty has been expressed

about temporal expectancy as a model of vigílance

performance as human observers are not always accurate

estímaEors of time íntervals (Davies and Tune, 1970; ülarm,

re77).
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2.5.3 Observing Responses

Detection performance has been assumed to be related

to the rate and quality of observíng responses (Jerison,

1967, L97O). The theory proPoses that reduction in

detection efficiency occurs during increased periods of

blurred or dístracted observíng. It is hypothesízed that

there is a cost associated with observing and that the

decision to observe is dependent uPon the benefit of

detectíng a signal. Factors includíng fatigue, inhibítion

and lack of motivation are presumed to increase the cost

of observíng and so produce a decrease in the quantíty and

quality of observing responses as the vigilance task

Progresses.

úJarm and Berch (1985) point out that this theory can

account for reduced vígilance performance with íncreased

event rate as well as improved performance with greater

sígnal intensity and frequency. The former situation

leads to greater task demand and hence decreased readíness

to attend whereas the latter tends to diminish the demands

of observing.

Support for the observing response theory comes from

studies in which the observer ís more "closely couPled" to

the vísua1 display. Ilatfield and Loeb (1968) used a

procedure in which eye movements and eye b1ínks were

mínimized and l,,Jarm et al . (L976) used a head restraint in

vísual monitoring tasks. Both procedures led to improved

monítoring of performance. However' ít has been

demonstrated that sígnals are still míssed even when the

visual dísplay is beíng fixated (Mackworth et al. ' L964).

I
I
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Also, vigilance decrements are sti11 found ín auditory

tasks even though the subject ís "closely coupled" to the

stimulus source via headphones (Davies and Parasuraman,

1982). Therefore, observing responses must be a

combination of both internal as well as external elements

of the observer.

2.5.4 Changes of Cutoff in Signal Detection

As noted earlier (Section 2.3.4), most studies

employing the signal detection model to investígate the

vigí1ance decrement have found an increase in críterion

with no change in sensitivity, that is, a smaller number

of sígnals passíng criteríon (ninford and Loeb, L966;

Broadbent and Gregory, 1963¡ Colquhoun, 1967; Loeb and

Bínford, 1964; Taylor, 1965). The rise in criterion was

reflected by a decline in the frequency of both correct

detections and commission errors. This finding is

consistent with a fal1 of actívatíon leve1 wíth the

dístributions of both noise and sígnal plus noise being

lowered so that the cutoff point is apparently raised

(tlelfor¿, 1968 , L976).

Ilowever, there are conflícting results regarding thís

view. Chinn and Alluisi (1964), studying the effects of

knowledge of results, obtaíned findings which indicate

that d ' míght change in addition to the cutoff being

shifted. The study found that providing feedback to

subjects when they regístered a commission error reduced

both the number of these errors as well as correct

detections, suggesting a change in cutoff. Ilowever,
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information about correct detections or omission errors

reduced both omission errors as well as commission errors

indicating an improvement in d'.

Mackworth and Taylor (1963) and Mackworth (1964'

1965) also found decreases ín d' with time on watch. The

tasks involved the detection of momentary interruptions of

the movement of a pointer revolving around a dial.

Irlelf ord ( f 968 ) proposed that these tasks requíred

continuous monitoring of the stimulus source and were

therefore probably fatiguing. Based on the results of

other studies on fatigue in which d'vlas found to decline

with time on task, I^lelford concluded that fatigue results

in a decline ín d', índicating a genuine impairment of

function. A decline of vigílance performance might

therefore result ín either art increase in criterion or a

decrease in discriminatory power.

2.5.5 Activation and Arousal

The arousal theory is based in the neurophysiological

view that behaviour varíes along a continuum from deep

sleep to extreme excitement (Malmo, L959) and that varied

sensory stimulation ís required to maintaín alertness

(Hebb, 1955). The theory assumes that a constant

background of varied stimulatíon is necessary for general

efficiency and alertness is díminished if variatíon

declines below a crucíal level. Deese (1955 ) has

suggested that the wakíng centre of the hypothalamus could

be involved, with the actívity of this centre depending

upon an influx of sensory stímulation. Therefore, when
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applied to the vigi_lance situation involving the detection

of infrequent signals, the varied serìsory input requíred

to maintain alertness is reduced and so detection

efficiency declines.

Evidence supporting this approach comes from better

performance when stronger signals are used, the presence

of others or knowledge of results r âs previously

mentioned, all of which increase stímu1atíon in one way or

another. Mackworth' s ( 1950 ) results provide greater

support ín that they show that fro signífícant decrement

occurs when subjects are under the effect of benzedrine, a

drug whích stimulates the arousal mechanism. coupled with

this result, Colquhoun (1962) found that hyoscine impaired

audítory vigilance performances and meclozine brought

about a signifícant deterioration under both visual and

audítory conditíons. Both hyoscine and meclozíne are

depressant drugs.

Other studies have reported that a progressíve

declíne in the detection rate is accompanied by changes ín

one or more physíologícal measures from which a

progressive decrease in the leve1 of arousal has been

inferred. These measures ínvolve EEG activity (Danie1,

1967i Davíes and Krkovíc, 1965), heart rate (Clarídge'

1960; Davíes, 1964i Stern, L964), skin conductance

(Dardano, 1962; Davies and Krkovic' 1965; Eason'

Beardshall and Jaffee, L965) and skin resistance (Stern,

1966 ).
The arousal theory has difficultíes explainíng those

experiments in which a decrement has occurred even though
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subjects have been kept nearly continuously actíve (Adams

and Boulter , L962; Alluisi and Hal1 , L963; I,,/híttenburg '
Ross and Andrews, 1956; Wíener, Poock and Steele, 1964)-

Here, sígnals \¡/ere produced which should have maintained

arousal if sensory input only was requíred. However,

sensory input alone is not suffícient. As tr'lelford (1968)

points out, habituation to the feedback from repeated

activíty seems to occur, ín the same way as habituation to

repeated external stimuli occurs. The task actívity is

considered to be maintained ín another way wíth relatively

simple, repetítious actions being maintained at a lower

level of arousal than more complex judgements requiring

more informaÈion processing.

The relationship between performance and arousal ís

considered to be described by an inverted-U curve (for

example, Malmo , 1959). Performance 1eve1 íncreases

monotonically from 1ow actívation to an optimal point for

a particular function, but thereafter, any increase in

actívatíon produces a monotonic fal1 in performance level,

which is related to the amount of increase in level of

activation. Hence, performance is consídered to be Poor

at low and high arousal levels and to be optimal at some

íntermediate point.

l.Ielford (L962) has hypothesized that at low levels of

arousal the nervous system is relatively inert r so

allowíng only the strongest sígnals to secure a response.

A smal1 increase ín arousal level improves sensitivity and

responsiveness to íncomíng signals r but with further

increases, the ce1ls become "fíred"t causíng the nervous
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system to become "noísy". Thusr ânY further increase in

arousal level wíll tend to impair performance.

It should be noted, however, that there is only

limited evidence from physiological studies which support

this inverted-U hypothesis. Stennett (1957) ' using a

trackíng task, provided some results which do support the

hypothesis.

In sumrnary, activatíon or arousal theory explains the

vígilance decrement in terms of a fal1 in arousal due to a

lack of varied sensory input.

2.5.6 Summary

A number of theoríes have been advanced to explain

the decrement and other aspects of vígilance performance.

However, no one theory can account for all these aspects

of performance and so each is subject to criticism.

Davies and Parasuraman (1982) point out that different

experimenters seem to advocate particular theoríes

according to the type of task used. Experímenters

employíng "unstímulating" tasks, for example, have tended

to support theories related to the idea of arousal ' while

those who have employed "stímulating" tasks have tended to

lean toward theories involvíng the dívísíon of attention.
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CHAPTER 3

VIGILANCE PERFORMANCE OF MENTALLY

RETARDED PERSONS

3.1 EXPERIMENTALSTUDIES

0n1y a few studies have been conducted which have

considered the vigilance performance of mentally retarded

persons.

I^lare, Baker and Sipowicz (1962) compared the visual

vígilance performance of mentally retarded adolescents

(mean IQ of 58, mean chronological age of L7 years I
months) wíth nonretarded subjects randomly selected from

another study which used a comparable task. The task

required subjects to detect irregular periodic

ínterruptíons of a continuous light source. No

signifícant differences were found between t,he two subject

groups in terms of mean overall percentage of signals

detected. The rates of declíne in detectíon rate over

tíme of the two groups were not compared.

Semmel (1965) críticízed these results on the basis

that the data had been obtained from two separate

investigatíons. Semmel also used a visual vígílance task

which lasted for orie hour to study the performance of

retarded and nonretarded children. The average age and IQ

score of the educable mentally retarded subjects were L2

years and 4 months, and 68 respectively. The

chronological age control group consísted of students
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\,{hose average age and IQ score \,rere 12 years 2 months, and

106 respectively. Subjects were required to respond to a

0.5 second ínterruptíon of light from a signal source by

pushíng a button. Results showed that the retarded

children had lower overall detection scores and displayed

an earlier and more rapid decrement than the nonretarded

children. These results were interpreted as being due to

the retarded subjects experiencing a more rapid decay ín

alertness or arousal than the subjects of normal

intelligence.

The disparity in the results of these experiments was

investigated by Jones (1972) who noted that the subject

groups differed in age between the two experiments. Jones

compared the visual vigílance performance of four grouPs

of subjects, mentally retarded and nonretarded

preadolescents and adolescents. Mean ages for the

preadolescent and adolescent groups were 11 years and 6

months, and 17 years and 3 months respectívely. Mean IQ

scores for the retarded and nonretarded grouPs were 68 and

110 respectively.

The vigilance task lasted for 45 mínutes and used two

red líghts, one mounted 2.5 cm above the other' which

flashed alternatively. Subjects had to detect a 2 second

arrest of alternation, in whích only one of the thto lights

continued to flash, by pressing a response button. Each

subject performed the task twice under dífferent

condítions of extraneous auditory stimulation. One

conditíon involved a continuous white noise backgroundt

the other a background of varíety-audio stimulation such
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as music and Èelevision prografiìnes. Jones assumed that íf

mentally retarded subjects are relatívely less aroused

than nonretarded subjects then they would benefít more

from the arousíng properties of variety-audío

stímulation. Alternatively, if mentally retarded subjects

are more distractíble than nonretarded subjects, then any

dífferences in performance would be enlarged under the

variety-audio background condition.

Results of the study found that the mentally retarded

preadolescent subjects had a significantly lower overall

detectíon rate than the nonretarded preadolescents under

both types of audío background conditíons. However, the

mentally retarded adolescents only showed lower overall

detection scores under the variety-audío background

condítion compared with the nonretarded adolescents. In

additíon, there were rlo differences in the rates of

decline in detection performance between the four subject

groups under either of the two background stímulation

conditions. It was concluded that age is an important

factor in the moniÈoring performance of the mentally

retarded subjects under specific condítions of background

stimulatíon. In addítíon, the study suPPlied some

evídence which supported the distractíon explanation for

the poorer performance of mentally retarded índividuals.

This contentíon holds that retarded persons are more

susceptíb1e than nonretarded persons to intrusions of

envíronmental stimulí and so are more likely to míss

signals. Subjects showed lower overall detection

performance under the varíety-audio condition compared
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with Ehe whiLe noise condition. Thus, this result did not

support the arousal hypothesis offered by Semmel.

Kirby, Nettelbeck and Bullock (1978) compared mildly

mentally retarded subjects with subjects of above average

intelligence on both an audítory and visual task, each of

fífty minutes duration. The study also investígated the

possibilíty that mentally retarded Persons suffer from

greater distractibí1ity than nonretarded Persons. It was

contended that arry dífferences found ín earlier studies

which had used vísual vígilance tasks could have been due

to perípheral effects in that the mentally retarded

subjects could have wíthdrawn their attention from the

stimulus source sooner and more often. It v¡as therefore

hypothesized that delivering sígnals by earphones in an

auditory task would minimize the possibility of peripheral

effects as stimulation would always impinge upoll the

appropriate sense organs. Hence, if mentally retarded

subjects are more distractíble they would have been

expected to show a more rapid decrement in performance on

the vísual task compared with the auditory task.

The average age and IQ score of the retarded subjects

were 23 years and 70 respectívely. The chronologícal age

control group consisted of subjects with above average

intellígence whose average age was also 23 years. In the

auditory task, subjects wore a paír of earphones through

whích a 0.5-second pulse of white noise was presented

every 3 seconds. The visual task used a círcular red

light which simílarly appeared for a 0.5-second duration

every 3 seconds. The signal ín each task was an increment
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in the intensíty of the stimulus to which subjects

responded by pressíng a button. No difference was found

in the rates of decline of performance between the two

subject groups in either of the two condítions, with the

nonretarded subjects having a superior overall

performance. Thus ' the results did not support the

contention that mentally retarded subjects are more

distracÈible than nonretarded subjects.

Kirby, Nettelbeck and Thomas (1979) investigated the

discrepancy in results between these earlíer

investigations. The possible differences between the

earlier results ï¡ere examíned both in terms of

developmental factors and procedural differences by usíng

the same apparatus as that of Kirby et al. (1978) with

subjects símilar in age to those of Semmel (f965).

The average age and IQ score of the mentally retarded

subjects in this study r^'ere 13 years and 1 month, and 68

respectively. The mean age of the nonretarded

chronological age control group was L2 years and 9

months. A mental age control grouP was also included

whose mean age was 7 years and 10 months. All nonretarded

subjects were students whose academic performance was at

least average.

The task involved monitoring a circular red light

which appeared every 3 seconds for 0.5 second. Subjects

had to detect an increment in the íntensity of the líght.

The results were símí1ar to those of Senunel (1965) ¡ut

contrasted with those of both l^lare et a1 . (L962) and Kirby

et al. (1978). the mildly mentally retarded chíldren
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demonstrated a lower overall detection rate and a more

rapid vígilance decrement than the nonretarded chíldren of

above average intelligence and equivalent chronological

age. In addítíon, the retarded children showed símilar

detection rates over time as the nonretarded children of

equivalent mental age. Thus, the results were similar to

Jones O972) in that they suggested that the vigilance

performance of mí1d1y mentally retarded people is largely

a function of mental development' that is, the mental age

of the person is a significant factor in the maintenance

of vigílance performance.

Each of the studies conducted into the vígilance

performance of mentally retarded persons failed to support

the "dul1 minds for du11 jobs" dictum. In fact, two

results actually opposed the dictum in so far as the

performances of the mentally retarded Persons appeared to

suffer more from dul1, monotonous envíronments than

nonretarded persons. In these studies, mentally retarded

children showed both lower overall, as well as a faster

rate of decline ín detection performance compared wíth

nonretarded chíldren of simílar chronological age (Kírby,

et al. , 1979i Semmel, 1965 ) . In addition, two other

studies found that mentally retarded subjects showed lower

overall detectíon performance compared with their

nonretarded couriterparts (Jones , I972i Kirby et 41. ,

I978). However, there are two ímportant consíderatíons

which arise from the results of these ínvestigations.

Fírstly, mentally retarded people seem to have a slower

rate of development of theír ability to maintain vigílance
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performance compared with nonretarded people. Secondly'

there ís no clear explanation for the differences in

detection performance found between mentally retarded and

nonretarded chíldren. Therefore, investigations concerned

with each of these two areas will be consídered next.

3.2 A DEVELOPMENTAL LAG OR MENTAL AGE FACTOR IN
VIGILANCE PERFORMANCE OF MENTALLY RETARDED
PERSONS

Taken together, the results of the experimental

studies indicate that mental age is a significant factor

in the vigilance performance of mentally retarded

persons. In contrast, there is no evídence that IQ ís a

determining factor ín monítoring performance. This is

consistent wíth the developmental lag interpretation of

differences found between retarded and nonretarded persons

considered earlier.

If a slower rate of development rather than

íntelligence per se is a factor in the vigilance

performance of retarded persons, then the performance of

nonretarded persons should also be subject to

developmental factors. To thís end the literature

concerned wíth developmental changes and IQ factors in the

vígilance performance of nonretarded persons will be

reviewed next.

3.2.1 Developmental Changes in Nonretarded Persons

Few studies have been conducted into the vigilance

performance of children. Locke (1970) investigated the

vígílance performance of 80 children of 4 years of age.
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The children had to detect the occurrence of a brief tone

whích occurred irregularly over a 5 minute and 40 second

period of time. Detection performance was found to

decline over time wíth the number of detections being

inversely related to the length of the inter-signal

ínterval.

Levy (1980) was interested in the development of

sustained attention in young children and found that an

increasingly greater percentage of children were able to

complete a 4 minute and 40 second continuous performance

test (Cff¡ as age increased from 3 years to 7 years. In

addition, the number of omission errors declined as age

increased. Simon (1982) used a 15 minute task in which

kíndergarten children had to detect a 0.5 second change in

the colour of a stimulus. I¡lhílst a decrement in correct

detections was not found, children whose ages were greater

than 5.5 years had higher detectíon rates than those whose

ages were less than 5.5 years

A study by Gale and Lynn (L972) investígated

developmental changes in the vigílance performance of

chíldren aged from 7 to 13 years. An auditory task YIas

used in which the children had to detect the occurrence of

a digit from a seríes of letters. A performance decrement

was shown by all age groups but significantly more

detections were made by each successively older age

group. The largest ímprovement was demonstrated by

children between the ages of 8 and 9 years.

Símílar age trends in performance have been reported

by investigators concerned with the sustained attention
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ability of children with various learning and behavioural

disorders. Sykes, Douglas and Morgenstern (1973) reported

a signifícant correlation between age and performance on

visual and auditory modes of the CPT for hyperactive and

normal children aged from 5 to 11 years. Anderson,

Halcomb, Gordon and Oxolins (1974) used a task ín which

hyperactive children had to detect red-green combínatíons

of lights amongst nonsígna1s consisting of red-red and

green-green combinations. The 9 to 12 year old children

detected significantly more signals and registered fewer

false alarms than 6 to 8 year old children.

Thus, the results of these studíes indicate that

there are developmental changes in the vigilance

performance of nonretarded children with overall detection

rate improving as chronological age increases. The

greatest improvement in detection performance seems Èo

occur around the age of 9 years.

3.2.2 Relationship between lQ and Vigilance
in Nonretarded Persons

Investigations with adults into possible associations

between vigílance performanee and general íntel1-igence in

the normal range have yielded conflíctíng results. Cahoon

(L970) and Kappauf and Powe (1959) have both reported a

posítive relationship between inte11ígence and detection

rate. However, a greater number of studies have not found

a correlation between IQ and vígilance performance

(llalcomb and Kirk, 1965; McGrath, 19ó0; Sipowicz and

Baker, Lg6I; Ware, 1961). Davies and Parasuraman (1982)

refer to other studíes whích, whílst intellígence $tas not
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a major independent variable, have provided similar

resul ts .

I¡larm and Berch (1985) cíte a number of studies wíth

children whi-ch have also found no relationship between

performance and IQ in the normal range. However, Stankov

(1983) contends that separate correlation coefficíents

should be made for each time block of a vígilance task.

Vigilance performance is thought to be a factor of the

level of arousal which, ín turn, is considered to decline

at a rate that is inversely related to IQ. Thus' the

higher the observer's intellectual ability' the lower the

leve1 of arousal near the conclusion of the task. In this

wãy, Stankov was able to show a negative relation between

IQ and correct detections as a sixty-minute watch

progressed.

Generally, the literature has shown no relationship

between vigilance performance and IQ in the nonretarded

range. However, there is some evidence that these

variables may be found to be related íf separate

correlations are calculated for each time períod wíthin a

watch rather than one overall correlation.

3.3 EXPLANATIONS FOR THE VIGILANCE PERFORMANCE OF
MENTALLY RETARDED PERSONS

The fíve studies which specifically investigated the

vigilance performance of mentally retarded people Put

forward two explanations to account for the differences

found between mentally retarded and nonretarded subjects.

Semmel (1965) proposed that mentally retarded persons

experíence a more rapid decay in arousal or actívatíon
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during the vigilance task compared wíth nonretarded

persons. Arousal theory assumes that the lack of stimulus

varíation in vigilance tasks produces a progressíve

reduction in arousal leve1. Semmel hypothesized that

envíronmental stimulí have less impact on mentally

retarded children compared with nonretarded children.

Thus, with continued exPosure to the monotonous stimuli'

the retarded children have a relatively more rapid sensory

habítuatíon process and a faster declíne in arousal.

Semmel predicted that, compared with nonretarded children'

mentally retarded children would show lower overall

detectíon performance and an earlier and more rapid rate

of decline. I¡lhilst experimental investigation supported

these predictions, the additional predictíon that the

introduction of rest and/or novelty during the watch would

ímprove performance by íncreasing sensory variatíon, and

thus arousal, was not supported.

Jones (L972) found results which did not support the

arousal hypothesis but rather a distraction explanation.

Thís view assumes that mentally retarded people do not

attend to the relevant task stimuli to the same extent as

nonretarded people because they are more susceptíb1e to

intrusions of extraneous environmental stímuli. The

dístraction explanatíon predicts that mentally retarded

people would míss the transíent signals of the vigílance

task more often, that is, show a lower overall detectíon

rate, than nonretarded people. Kirby et al. (1978) also

considered disEraction in terms of withdrawal of attention

from the stimulus source but theír groups comprísed adults
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and no support was found for this explanation.

As already noted in Chapter l, distraction has been

one of the theories put forward to account for adaptive

behavíour disorders in mentally retarded persons. A few

studies have been conducted which have considered

distraction as a factor in sustained attentíon performance

of mentally retarded persons in applied and experimental

situations. l,larm and Berch (1985 ) reported the

unpublished resulEs of a vígílance study (fu11er ' 1975)

which showed that mentally retarded children (mean

chronological age 10.9 years ) demonsÈrated behaviours

includíng "rhythmíc body movements, hand clapping, looking

away from the display to be monitored, and restless

twisting and turning" more often than nonretarded children

of simí1ar chronological age. Another study found that

mentally retarded people demonstrated slower reaction

times than nonretarded persons on a visual reaction time

task due, at least in part' to more off-task glances by

the retarded persons (Krupski ' 1977).

Krupski (I979 ) studied behaviours demonstrated by

educable mentally retarded and nonretarded students whíle

they were engaged ín academic and nonacademic tasks

requiring sustaíned attention. Children aged between 9

and 12 years of age l4'ere observed during periods in which

they worked indivídually. The mentally retarded chíldren

were found Èo spend sígníficantly less time on tasks than

nonretarded control children, more time out of theír

seats, and showed more "task-related desk glances"' that

is, time appearing busy but not working. Krupski
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conclLrded that the results indicated that mentally

retarded children were more dístractible than nonretarded

children of símilar. age.

However, not all studies support a distractíbí1ity

explanation for differences in performance between

mentally retarded and nonretarded persons on vígilance or

sustained attention tasks. Crosby (L972) used a version

of the Continuous Performance Test (CPT) to investígate

the contention that mentally retarded children are more

distractible and less able to maintaín attentíon than

nonretarded children. The mentally retarded subjects were

aged from 12 years 5 months to L7 years 7 months (mean 15

years 2 months) an¿ IQ scores ranged from 50 to 80 (mean

65). These subjects were compared to control subjecÈs of

similar chronological and mental age whose IQ scores

ranged from 94 to 109 (mean 100). The task involved the

monítoring of two series of letters exposed sequentially.

In the first series subjects had to detect each appearance

of the letter X, and ín the second series, each letter X

whích followed the letter A. The series were monítored

under conditions of no distraction, visual¡ auditory and

combined audiovísual distractíon. Dístractíons consisted

of letters dífferent from task letters which appeared

alongsíde the task letters in a dífferent colour or

presented acoustically through earphones.

tJhilst distraction had a deleterious effect on

performance, the retarded subjects did not show relatively

more omítted responses than nonretarded persons. Hence

the data díd not support the contentíon that retarded
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persorls are more distractible than nonretarded persons.

Crosby noted that there r^/ere Latge díf f erences ín

individual performance. Some subjects performed poorly

under minimal (auditory) ¿ístraction while others

performed at theír best under maxímal (audiovisual )

dístraction. crosby related these results to the arousal

model and suggested that Persons wíth low levels of

arousal could benefit from extra stimulatíon, whereas this

could disrupt the performance of highly aroused Persons.

Finally, Crosby concluded that distractibility in mentally

retarded persons could be "both ídiosyncratíc and

situatíon specifíc".

Johnson (1977) used the AX version of the CPT Èo

compare the sustained auditory attention performance of

brain-damaged and non-brain-damaged mentally retarded

children with brain-damaged and non-brain-damaged children

of average intelligence. There were four grouPs of

children aged approximately 11 years, and two mental age

control groups aged approximately 7.5 years. IQ scores

for the mentally retarded children ranged from 60 to 75'

and for the average chíldren from 90 to 110. The task was

adminístered under conditíons of no distractíon and

dístraction which consisted of a background sound of

classroom noíse' conversation and story reading. Results

showed that the mentally retarded chíldren were less able

to sustaín attentíon compared wíth their chronological age

controls, but showed simílar sustained attention

performance to their mental age controls. Also ' the

brain-damaged mentally retarded chíldrenr but not the
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non-brain-damaged, were more adversely effected by the

distracting stimuli than the mental age control children.

Hence, it was concluded that susceptibility to distraction

ín mentally retarded children could be related to brain

damage.

Thus, investigators who have considered

dístractibility as an explanatíon for any differences in

detection performance between mentally retarded and

nonretarded persons have found opposing results. However,

the studies differed ín terms of subject ages and type of

task. Therefore, no valid conclusions can be drawn about

a distracÈibility hypothesis .of vígilance performance in

mentally retarded persons.

A different explanatíon was consídered by Das and

Bower (L971). These investigators examined the rates of

conditioning and habituatíon to stimuli by mentally

retarded and nonretarded subjects in a 3O-minute auditory

task. The subjects were aged from 13 to 16 years' wíth

the estímated IQ scores of the mentally retarded chíldren

ranging from 40 to 60. The mean IQ of the nonretarded

chíldren was ]-]-9. A series of six famílíar words was

presented each minute. The critical signal was the word

"man" which always followed a warning signal, the word

"box". Subjects responded by pressing a button and

galvonic skin response was used as the measure of

habituatíon. The mentally retarded group made

sígnificantly more errors of omíssion and commission than

the chronologícal age control grguP, but there was no

dífference ín the rates of habítuation between the two
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subject groups. Thus, an habituation explanation for the

vigilance performance of mentally retarded and nonretarded

people was not supported.

Thus, attempts to account for the differences in

vigílance performance between mentally retarded and

nonretarded persons have concentrated maín1y on the

theories of arousal and distraction. However, data have

been obtaíned which dispute both approaches.

3.4 TRAINING APPROACHES FOR VIGILANCE PERFORMANCE

Recently there have been two studies which have

consídered training for vigílance performance of mentally

retarded persons.

Perryman, Halcomb and Landers (1981 ) hypothesized

that a training method consistíng of a number of

techniques would be more effective than a method using

only one techníque. Subjects were eight mentally retarded

females whose mean age and IQ score were 18 years and 56

respectívely. The task involved monitoring a

three-section split screen. The simultaneous illuminatíon

of the two side sections was the nonsignal' while the

illumination of the centre section was the signal. There

was a column of 24 lights sítuated on either side of the

screen through which knowledge of results ï¡as given to

subjects. Each correct detectíon was indicated by the

illumínation of one of the lights and a light \das turned

off each tíme a false alarm was recorded. All subjects

comprising a0 mínutes

minutes, four 25-mínute

in four phases

baseline period of 68

particípated

traíning, a
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training sessions and a post-training period of 68 minutes.

During the training sessions the inter-signal

interval was progressívely increased, knowledge of results

operated, subjects htere praised and tokens given relaÈíve

to their performance. Knowledge of results was not given

during the post-training period but subjects were urged to

do theír best prior to commencement. So the traíning

programne involved multiple practice sessíons, decreasing

signal densíty, use of prompts, knowledge of results and

the provision of tangible incentives.

The results showed that the mean overall detection

rate increased from 40% during pre-traíning to 82% ín the

post-traíning period. In addition, there was a

significant performanie decrement duríng pre-training but

not over the post-trainíng period. Hence, the detection

performance of the mentally retarded subjects was enhanced

by the training method. The study r^'as not designed to

ídentífy partícu1ar aspects which were responsíble for the

improved performance.

Locke, Byrd, Berger and Chílds (1982) used the same

task and training method as Perryman et al. in an attempt

to replicate their findings as well as to identify the

components of the method affecting performance. In

additíon, two observers independently recorded

task-irrelevant behaviour duríng the post-training

sessíon. These behaviours involved "actíve behavíour

exceedíng 5-seconds duration and incompatíble with

observation and/or resPonse to the signal events".

A vigilance decrement was sti11 shown following the

i

I

44



training procedures. Detection accuracy was found to be

related to the degree of tangible reínforcement and varíed

inversely to task-irrelevant behaviour. So the results of

this investigation failed to support the earlier findíngs

of Perryman et aL. Also' a post-experimental interview

indicated that most subjects found the task more

uninteresting or boring than ínteresting.

3.5 SUMMARY

0n1y five investigations have been conducted into the

vigílance performance of mentally retarded persons. None

of the results supported the "dul1 jobs for dul1 minds"

dictum in that the mentally retarded Persons were not

better monitors than nonretarded persons of equivalent

chronological age. In contrast, the data demonstrated

that mentally retarded children show an earlier and more

rapíd declíne in performance compared wíth their

nonretarded counterparts until they reach approximately 18

years of age. Also, another study concerned wíth training

for vígilance performance conducted Post-exPerimental

ínterviews which indicated that mentally retarded young

adults find these monítoring tasks uninterestíng.

Explanations put forward to account for the

vígílance performance of mentally retarded Persons have

met wíth conflictíng evídence. There is some support for

a distractíon theory, although other data challenge this

approach. Howeverr âs noted ín Chapter 2, theories

proposed to account for the vígilance performance,

especially the performance decrement, of nonretarded
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persons have met with the same diffículties. Similarly'

training prograrunes aimed at ímproving the detection

performance of mentally retarded persons have proven

unrelíab1e as yet.
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CHAPTER 4

MENTAL AGE AND PERIPHERAL ATTENTION EFFECTS

ON VIGILANCE PERFORMANCE OF MENTALLY

RETARDED PERSONS

4.1 EXPERIMENT 1

The overall results of the fíve studies which compared

the vigílance performance of mentally retarded persons with

nonretarded persons suggested that mental age may be a

significant determinant of the performance of mentally

retarded persons. Thís finding is consistent with a

developmental lag interpretaLíon and implies that mentally

retarded persons suffer from a slower rate of development

in terms of their ability to maintain vigílance

performance. Inspection of the age ranges of the subjects

in these studies indicates that the age by whích mildly

retarded persons are able to sustaín their performance to a

level comparable to that of nonretarded L2 year old

children and adults is approximately 18 years.

As already noted ín Chapter 1 ' to test the

developmental lag hypothesis, it is essential that mental

age control subjects are included in studies concerned wíth

mentally retarded persons. However, only one of the fíve

studies employed a mental age control group. Table 4.I

shows the subject groups used in each of the studies. It

can be seen that chronological age control groups were used

ín all of the studies, yet only Kírby et al. (1979)
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specifically included a mental age control group. Jones

(1972) used two chronological age control groups, the

younger being of approxímately the same mental age as the

mildly mentally retarded adults. However, there l{ere no

mental age control subjects for the mildly mentally

retarded children. Thus, as can be seen in Table 4.1' no

one study has included the five subject grouPs required to

ful1y test the developmental lag hypothesis. These grouPs

would consist of mí1d1y mentally retarded adults and

chíldren and their chronological and mental age nonretarded

controls.

STUDY ADULTS
MR CA

CHILDREN
CAMR MA

l,lare et a1. (1962)
Semmel (1965)
Jones (L972)
Kirby et a1. (1978)
Kirby et al. (1979)

x

x
x

x

x
x

x
x

x

x
x

x x

TABLE 4.1 Mentally retarded (¡m), nonretarded
chronological age control (CA) and nonretarded mental age
control (MA) subject grouPs used in the five studies
concerned wíth the vigilance performance of mentally
retarded persons.

A1so, there is some support for a dístractíbi1íty

hypothesís for the vigilance performance of mentally

retarded persons. Four experíments used a visual

vigilance task but Kirby, Nettelbeck and Bullock (1978)

also used an audítory task. It is possíble then, that the

vigílance decrement found by Semmel (L965) and Kirby,

Nettelbeck and Thomas (I979) using a visual task could

have been due to greater inattentíon to the signal source
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among their younger subjects compared to the older

subjects in the other two studíes. That ís, the results

could have been due to peripheral effects in that the

younger subjects may have been looking elsewhere more

often and so missed signals. In the audítory task used by

Kirby, Nettelbeck and Bullock (1978) with the adult

subjects this kind of inattention would not be possible.

The purpose of the present study was twofold. First'

using the same visual and audítory tasks as Kirby eÈ al.

(1978), with subject grouPs similar in age to both those

of Kirby et al. Q978) and Kirby et aL- (1979) should

replicate the results of both studies. That is, there

should be no dífference between the rates of decline of

vígílance performance of the mentally retarded and

nonretarded adults whereas the retarded children should

show a more rapid vigílance decrement than the nonretarded

chí1dren of equivalent chronological age. A1so, the

mentally retarded children should show a similar rate of

decline to the nonretarded chíldren of similar mental

age. Second, the possibí1ity of inattention amongst

younger subjects would be tested by the addition of the

audítory condítion. Presentation of stimulí through

headphones would eliminaEe the possibility of peripheral

effects sínce signals would dírectly impínge uPon the

appropriate sense organ. If the performance of the

younger subjects on the vísua1 task were to decline more

rapídly than that on the auditory task then thís could be

due to them being more easily distracted from the vísual

stimulus. If, on the other hand, similar decrements were
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to be obtained in both visual and auditory modes then the

faster vigilance decrements amongst children could noL be

due to peripheral inattention.

4.2 METHOD

4.2.1 Subjects

There were five groups of subjects, two mild1y

mentally retarded and three nonretarded groups.

The older mentally retarded group consisted of two

female and eight male employees from a vocatíona1

rehabilitation centre. Their IQ scores orl the [^/echsler

Adult Intellieence Scale ranged from 61 to 76 (mean 70).

Ages ranged from L7 years 2 months to 20 years (mean 18

years 9 months ). The average mental age of the group was

estímated to be 13 years 2 months by multíplying the IQ

score by chronological age, and díviding by 100.

The corresponding chronologíca1 age control grouP

consisted of seven female and three male students from The

University of Adelaide aged from 17 years 8 months to 19

years 6 months (mean 18 years 8 months ).

The younger retarded grouP consísted of five female

and fíve male students from two specíal schools. Their IQ

scores on the trrlechsler Intelligence Scale for Children or

the Stanford-Binet Intelli serìce Scale ranged from 45 to 74

(mean 57). Ages ranged from 13 years 1 month to L6 years

2 months (mean 14 years 2 months). The estimated average

mental age for thís group was 8 years.

The corresponding chronological age control grouP

consisted of five female and five male students from a
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high school. They were aged from 12 years 7 months to 13

years 4 months (mean 13 years I month). The mean age of

this group r^¡as theref ore approximately equivalent to the

mean mental age of the older mentally retarded group.

The mental age control grouP contaíned one female and

nine male students from a primary school whose ages ranged

from 8 years 6 months to 9 years 6 months (mean 8 years 11

months ).

Nonretarded children were selected whose academic

performance was at least average and thus were assumed to

be aE least of average intelligence. The schools and

rehabilitation centre were wíthin the metropolitan area of

Adelaide, South Australia.

4.2.2 Apparatus and Stimulus Sequence

The apparatus and stimulus sequence were the same as

that used for both the visual and auditory tasks by Kírby

et al. (1978) and also the visual task by Kirby et al.

(Le7e).

task used a círcular red light
for 0.

3cm. in

appeared every 3 seconds 5 second

approxímately 2 metres in front of the subject. In the

audítory task, a pair of earphones was used through whích

a pulse of white noise came on every 3 seconds for 0.5

second.

A preliminary study was conducted in which five

mildly mentally retarded chí1dren were trained on the

vísua1 and auditory tasks to determine the threshold

levels for vigilance tasks. The study found nonsignal and

The visual

díameter which
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signal vísual intensities of lOft1. and 20ft1.

respectively and nonsignal and signal auditory intensities

of 30db. and 33db. respectively to be of appropriate and

approximately similar dífficulty for the subjects used.

Subjects were instructed to respond to signals by pressing

a button held in the preferred hand. Responses hrere

recorded automatically as either a "hít" (correct

detectíon) or a "false alarm" (commission error).

An experimental session lasted for 50 mínutes and

consisted of 5 continuous blocks of 10 minuÈes duration

each. Blocks were composed of 200 stimulus pulses of

which 10 were signals and 190 nonsignals. The time

between sígna1s varied randomly from 9 seconds to 141

seconds. Total hits and false alarms were recorded for

each block.

4.2.3 Procedure

Subjects were seated at a table at one end of a room

which was parÈitioned off from the control and recording

equipment. Each subject was required to attend three

sessions. At the fírst session' subjects were tested on

the visual díscrimination task followed by the auditory

díscrímination task. Subjects were ínformed that a light

would appear every 3 seconds for 0.5 second and that

sometimes it would be "bright"' sometimes "dul1". They

ínítíally learned to díscriminate between a nonsignal of

loft1. and a signal of 40ft1. Practice series consisted

of 16 stimuli dívíded into an equal number of nonsignals

and sígnals ín random order. Evidence of díscrimínation
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ability was set at 13 correct out of the L6 stimuli

presented. The dífference between the intensities was

progressively reduced by 5ft1. after the criterion was

passed at each level until discrímination was achíeved at

a nonsígnal intensity of 10ft1. and a signal intensity of

20f.EI. The same procedure applied to the auditory task,

except that subjects v{ere ínformed that the noise would

sometímes be "soft" and sometímes "loud". Nonsignal and

signal intensities commenced at 30db. and 55db.

respectively. Again the difference betweeri the

intensities was progressively reduced by 5db. from 55db.

to 35db. wíth a final reduction of zdb. to 33db., untí1

the críterion was passed at nonsignal and signal

intensities of 30db. and 33db. respectively.

A total of 5 mentally reE.arded and 1 nine-year-old

nonretarded subjects failed to pass criteríon at the final

test level and did not particípate further.

There was a break of at least an hour between

attendance at the first and second sessíons to minimize

the possibility of fatigue. Half the subjects h¡ere

randomly selected to complete the visual vígilance task in

the second session and the auditory vigílance task in the

third sessíon, whíle the other half completed the two

tasks in the opposíte order to offset any learníng effects.

Before each task the final practíce discrímination

series was presented again. After subjects had passed

criteríon on the practíce series they were ínformed that

they would be presented with another sequence that would

last for about 50 mínutes. It was emphasízed that the
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sígnal stimulus "would not occur very often and at varying

times". I¡iatches \¡¡ere removed for the duration of the task

and earphones were worrì throughout the visual

reduce extraneous noise.

Subjects attended the third sessíon at least

following the second session to allevíate any

task to

one week

with fatígue. The procedure was the same as that

second sessiori.

problems

in the

4.3 RESULTS

4.3.1 Hits

Figure 4.1 shows the mean percentage of correct

detectíons (hits) for each successive ten-mínute block for

each group on the visual and auditory tasks. The fígure

shows that there \^/ere differences in both overall hit

scores and rates of decline ín performance between the

five groups. The mentally retarded children and

nonretarded children of equivalent mental age demonstrated

similar hit rates over time blocks on each task. However,

the rates of decline in performance of these groups were

faster than those of the other three groups who showed

sími1ar performances to each other across tíme blocks on

both tasks. All groups had hígher hit rates on the

auditory task than on the visual task.

A three-way analysis of variance of Groups by Tasks

by Blocks with repeated measures on the last two varíables

found significant maín effects between groups (F = L9.22,

4/45 df., p < 0.01), tasks (E = 9.IL, L/45 4!, P < 0.01)

and over blocks (E = 35.ó4,4/180 4!, p < 0.01). There
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was also a signifícant interaction between Broups and

blocks (E = 6.87 ' 16l180 4!, P < 0.01). Examination of

these results in Fígure 4.1 confirms the prevíous

observations, that ís ' groups differed in their mean

overall hít rates, subjects had a hígher mean overall hít

rate on the auditory task compared to t.he visual task,

mean hit rates tended to decline over blocks and there

were differences in the mean rates of decline of

performance between groups. There hras no blocks by task

interaction indicating that there was no dífference

between the rates of decline on the visual and audítory

tasks.

The mean percentages of hits for each successive

ten-minute block for each group on both tasks combined are

shown in Figure 4.2 in order to demonstrate the

significant groups by blocks interaction more clear1y.

The figure shows the mean rates of decline in performance

for the mentally retarded 14 year old children and the

nonretarded 9 year old chíldren aPpear to be greater than

those of the other three groups of subjects.

Four planned comparisons were included in the

analysis of variance to further investigate expected

differences ín performance between the experimental grouPs

in terms of the developmental lag hypothesis. Fírst' the

nonretarded and retarded adults and nonretarded 13 year

old children were compared with the retarded 14 year o1d

and nonretarded 9 year oLd chíldren. Second, the last two

groups were compared with each other. Thírd, the retarded

adults were compared with the nonretarded adults and 13
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year o1d children. Fourthly, the nonretarded aduLts and

13 year old chíldren were compared with each other. Based

on the results of the five prevíous studies, it was

predicted that the mentally retarded 14 year old children

and the nonretarded children of equívalent mental age

would show a faster rate of decline in performance

compared with the three other groups (comparison 1).

Furthermore, no differences in the rates of declíne v/ere

expected between the mentally retarded 14 year old

children and the nonretarded mental age control subjects

(comparison 2), or between the mentally retarded adults,

the nonretarded adults and the nonretarded 13 year old

children (comparisons 3 and 4).

Significant main effects were found between groups

for borh rhe f irsr (E = 70.07, ll45 4!, p < 0.01) and

second (F = 4.61, L/45 df., P < 0.05) comparisorls. There

were also signífícant interactions between grouPS and

blocks for the first comparison both linearly (F = 75.83'

1/180 df, p < 0.01) and quadratíca1ly (E = L6.42, 1/180

4!, p < 0.01). Inspection of these results in Figure 4.2

indícates that the nonretårded and retarded adults, and

nonretarded 13 year o1d chíldren had a sígnificantly

higher mean overall hit rate than the retarded 14 year old

and nonretarded 9 year old children. Also ' the

nonretarded 9 year old chíldren had a higher mean overall

hít rate than the retarded 14 year old chíldren. However,

there were no sígnificant dífferences in mean overall hit

rates between the nonretarded and retarded adults and

nonretarded 13 year old chíldren. In addítion, the
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retarded 14 year old and nonretarded 9 year old children

showed a greater decline in mean hit rates across blocks

compared with the other three subject groups. The

retarded 14 year old and nonretarded 9 year o1d children

showed the greatest decline between the first and thírd

time blocks with performance 1eve11ing out thereafter.

However, the other three groups showed consistent declíne

over the five time blocks.

4.3.2 False Alarms

Figure 4.3 shows the mean percentage of commission

errors (false alarms) for each group on both tasks for
each successive ten-mínute time b1ock. The fígure shows

that the mean percentage of false alarms for each group of

sub jects \¡ras higher on the vísual task compared to the

auditory task. The nonretarded 19 year o1d and 13 year

o1d groups regístered the lowest false alarm rate wíth the

largest rate regístered by the retarded 19 year old

group. The declíne in mean false alarm rates over

ten-minute blocks appeared similar for all groups except

the retarded 19 year old subjects who showed an increase

over tíme. The same analysis of varíance model as that

used for hits (Groups by Tasks by Blocks) showed a

signífícant difference between groups (F = 6.70, 4/45 df.,

p < 0.01), rasks (F = L3.22, I/45 df., p < 0.01) and over

blocks (E = 9.26,4/L80 4!, p < 0.01). There was a

significant interaction between groups and blocks (E =

2.93, 16/180 df, p < 0.01 ) . There were no other

significant ínteraction effects, with no dífferences in
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the false alarm rates over

audítory modes.

The ínteractíon betweeri

time between the vísua1 and

groups and blocks is shown in

percentages of false alarms

combined for each successive

Figure 4.4

for visual

ten-minute

in terms of mean

,{

t

t
rÌ,

{d

and audítory tasks

block. It can be seen that the retarded 19

year old group showed an íncrease in mean false alarms

over time whereas all other groups showed decreases in

mean false alarm rates over tíme. The same planned

comparisons as those used for hits found significant main

effects between groups for the first (F = 5.91, I/45 d,f., p

< 0.05) and third (q = 19.76, ll45 4!, p < 0.01)

comparisons. There were also significant linear

interactíons between groups and blocks for the first (E =

18.24, 1/180 df, p < 0.01), second (F = 5.23¡ 1/f80 df, p

< 0.05) and rhird (q - 14.85,1/180 4!, p < 0.01)

comparísons. Examination of these results in Figure 4,4

indicates that the mentally retarded 19 year old subjects

registered the greatest number of false alarms. The

mentally retarded L4 year old and nonretarded 9 year old

subjects registered fewer false alarms and the nonretarded

L9 year and 13 year old subjects registered the least

number of false alarms. Also, the retarded L9 year old

subjects showed an increment ín the number of false alarms

registered across time blocks whereas each of the other

subject groups showed a decrement over blocks.

4.3.3 Signal Detection Theory Analysis

The different changes in both hit and false alarm
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rates between the subject groups might be expected to

either sensitívity or

criterion values were

reflect a difference ín change in

criterion. Hence,

calculated for each

sensítivity and

subject aL each time block on both

tasks. In a few instances when the percentage of hits or

false alarms was 0 or 100 a small arbitrary constant

(0.001) was added or subtracted as suggested by McNicol

(Le72).

The mean values of d'and ß at each successive time

block for each group for both tasks are shown in Tables

4.2 and 4.3 respectively. The first table shows that all

subject groups had higher overall mean sensitívity values

on the auditory task compared with the vísual task. Both

mentally retarded groups and .the nonretarded 9 year old

children showed a decline in sensitivity across time

blocks, with the greatest declíne being shown by the

mentally retarded 14 year o1d children. The retarded

adults showed only a relatívely small decline in

sensitívity. The nonreEarded 19 year old adults and 13

year o1d children showed an increase in sensitivity values

on the visual task, with little change on the auditory

task.

The same analysis of variance model as used for both

hits and false alarms (Groups by Tasks by Blocks ) found

sígnificant main effects between groups (E = 32.35' 4/45

df, p < 0.01), tasks (F = 56.36, ll45 df, P < 0.01) and

over blocks (f = 4,L9 ' 4/180 df , p < 0.01) . There h¡as

also a significant ínteraction between groups and blocks

(E = 3.36, 16/180 4!, p < 0.01). These results confirm

Í'
îìjxt
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i
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I
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the previous observations, that is, groups differed in

their mean overall sensítivity values, subjects had higher

sensitívity values on the auditory task compared to the

visual task, mean sensitiviÈy values decreased over blocks

and there were differences in the rates of decline in

values between groups. There was no blocks by task

interaction indicating that there h¡as no difference

between the mean rates of decline in sensitivíty values on

the visual and auditory tasks.

VISUAL TASK

BLOCK
'GROUP 1 2 4 5 MEAN

I
rt

àþ-

fi
F,

p

i

3

CAl
MR1
CA2
MR2
MA

MEAN 2.06 2.00 1.91 1 .55

2.81
L.94
3 .00
0.40
0.99

I.62 1 .83

2.06
2.54
2.30
1.51
1 .90

2,70
2,I7
3.55
0. 33
t.25

3.32
1.90
3 .09
0.41
0.82

2.85
L.47
2.97

-0.03
0 .49

r3
'lr3
r_0
'0

.12

.64

.10

.24

.50
I

AUDITORY TASK

1r2
BLOCK
3r 4 5 MEAN'GROUP

cA1
MR1
cA2
t{R2
MA

4.73
3.07
3.99
2.TL
2.43

.38

.64

.94

4.88
2.93
3.86
1.04
t.75

4.60
2.62
4. 18
0. 73
1.98

4
2
3
0
2

.92
28

4
2
3
0
2

4.57
2.75
3.95
1.15
2.LL

30
68
78
92
11

MEAN 3.27 2.8r 2.7 4 2.88 2.82 2.90

TABLE 4.2 Mean d' values at each successíve tíme block
on the vísual and audítory tasks for the nonretarded 19
year o1d adults (CAl), retarded, L9 year old adults (MRl)'
nonretarded 13 year old children (CA2), retarded 14 year
old children (lß2) and nonretarded 9 year old children
(MA).
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The same four planned comparisons as those used for

both hits and false alarms to investigate the

developmental Lag hypothesís were included in the

analysis. Sígnifícant main effects \{ere found between

groups for the first (E = 101.26, Ll45 df, P < 0.01),

second (F = 6.36, Ll45 d,f., p < 0.05) and third (F = 21.29,

I/45 df, p < 0.0f) comparisons. Inspection of these

results ín Table 4.2 indicates that the nonretarded adults

and nonretarded 13 year old children had a signifícantly

higher mean overall sensitivity value than the retarded

adults who in turn had a higher mean overall value than

the nonretarded 9 year old children. The retarded 14 year

o1d children had the lowest mean overall sensítivity

value. There \¡rere also signif icant interactíons between

groups and blocks for the fírst comparison both linearly

(E = 26.73, 1/180 df, p < 0.01) and quadratically (q =

3.92,1/180 df, p < 0.05)' as well as linearly for the

rhird comparison (E = 9.92, r/180 4!, p < 0.01). These

results support the previous observations about the

different changes in sensitivíty values across time blocks

shown by the subject grouPs.

The same analysis of variance model (GrouPs by Tasks

by Blocks) for the ß values found signifícant main effects

between groups (F = 2.81, 4/45 d,f., P < 0.05), tasks (E =

11.28, L/45 d,f., p < 0.01) and over blocks (F = 3.73' 41L80

df, p < 0.01). Inspectíon of these results in lable 4.3

índícates that grouPs differed in theír mean overall ß

values, there were higher mean overall ß values on the

auditory task compared with the visual task and mean

i--

i
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overall ß values increased over tirne blocks.

VISUAL TASK

'GROUP 1 2
BLOCK

3 4

cA1
MR1
CA2
IqR2
MA

.84

.54

.18

.41

.29

2.69
1.33
1 .59
1.16
0.80

.63

.88

.75

.20

5 MEAN

t3
1
2
1
1

8
2
2
1

1

2
13

0
I

44
24
45
48
45

T9
2
4
1
0

.58

.61

.73

.16

.92

16.93 12. 30
2.07
4.97
1.19
1.13

MEAN r.52 4.05 3.2r s .80 7 .08 4. 33

AUDITORY TASK

BLOCK
'GROUP 1 2 3'4 5 MEAN

CA1
MR1
cA2
MR2
MA

6.92
L2.60

1. 14
1 .01
1.63

22.O3
L2.45
t4.62

1 .68
3.21

27.58
23.64

8 .82
2.46

23.25

27 .tl
33.94
21 .58
2.t3
4.26

45.26
25.53
L0.76
1.98
s .30

25.78
2r.63
11.38

1 .85
7 .53

MEAN 4.66 10 .80 17.15 r7.90 'L7.76' 13.63

TABLE 4.3 Mean ß values at each successive time block on
the visual and auditory tasks for the nonretarded 19 year
old adults (CA1), retarded L9 year old adults (MRl),
nonretarded 13 year o1d chíldren (CA2), retarded 14 year
old chíldren (MRz) and nonretarded 9 year old children
(t'{A).

the same planned comparísons as those used for

sensitívity values found both a signifícant main effect

berween groups (E = 7.33, ]-l45 df , p < 0.01) and a

sígnífícant interactíon between grouPs and blocks (I =

7.L7, 1/180 df, p < 0.01) for the first comparison.

Examínation of these results in Table 4.3 indícates that

the retarded and nonretarded L9 year old adults and

nonretarded 13 year old children had a higher mean overall

i

I
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ß value and greater increment ín ß values across time

blocks compared with the other two groups.

It should be noted that the raised mean criteríon

value in the third block on Èhe auditory task for the

nonretarded 9 yeat o1d children \¡/as due to tr^Io subjects

regísteríng no false alarms. Thus, the críterion value

was disproportíonately elevated for that block.

4.4 DTSCUSSTON

The results of this experiment were simílar to both

those of Kirby et al. (1978) and Kirby et a1. (L979).

There was no difference in either mean overall hit rates

or the declíne in average hit rates over time blocks

between mildly mentally retarded adults and nonretarded

adults of the same chronologícal age. Nor was there any

difference in either mean overall hit rates or the decline

in hit rates between the nonretarded 13 year old subjects

and those of both adult groups. However, the mildly

mentally retarded L4 year old children showed an earlier

and more rapíd decline in performance and a lower mean

overall hít rate than the nonretarded 13 year old

children, whilst there hlas no difference ín the declíne ín

hít rates over time between the retarded 14 year old

chíldren and the nonretarded 9 year old children of

equivalent mental age. However, the retarded children

scored a lower mean overall hít rate than the nonretarded

9 year old chíldren. These results indicate that the

mental age of the subjects is a decisive factor in the

abí1ity to maintain vigilance over tíme. fnspection of
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the age ranges of the subject groups suggests that the age

at which mildly retarded persons have developed the

capacity to maintain performance to a leve1 comparable to

that of nonretarded adults and 13 year old children is

around the age of. 17 years.

This experiment also found similar decrements in both

vísua1 and auditory modes for all subject groups whích

índicates that the faster decline in performance amongst

retarded children was not due to peripheral attention

effects. However, the opportunity to become dístracted by

extraneous environmental stimulation vlas mínimized as the

room in whích the subjects were tested was relatívely bare

and darkened. Also, higher mean scores were found in the

audítory mode for all subject groups implying that the

auditory task was relatively easier than the visual task.

hlhilst the preliminary discrimination study attempted to

equate the intensities approxímately for each task, it was

obvíously not successful in establíshing vigilance tasks

of equal difficulty in different sensory modes.

Notable features of both the mentally retarded L4

year old chí1dren and nonretarded chíldren of similar

mental age were períods of multiple respondíng, that is,

respondíng to a number of successive stimuli, as well as

audibly restless behaviour includíng intermíttent calling

out and loud síghing. The multiple respondíng might have

been due to a strategy which tríed to maíntaín arousal and

hence attentíon. That is, as concentratíon waned during

the task, the subjects míght have pushed the button for

successíve stímuli in order to raise their arousal and so
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maintain performance.

There were differences between the mean number of

false alarms registered across time blocks for the

different subject groups. In particular, the retarded

adult group showed a smal1 increase in false alarms across

tíme blocks whereas the other groups showed a decline

across blocks. Also, there were dífferent total mean

false alarm rates for different levels of both

chronological age and intelligence, thus indicating the

relative difficulty of discrimínation for the dífferent

groups. The retarded adults and children registered most

false alarms, followed by the two groups of nonretarded

children, whíle the nonretarded adults registered fewest

false alarms.

Given the differences in hit and false alarm rates

between the groups a signal detection theory analysis was

conducted. The results found that all groups had a higher

mean overall d' value on the auditory task compared with

the visual task supporting the above conclusion that

subjects found the audítory task relatively easier than

Èhe visual task. Also, the mentally retarded L4 year old

children and nonretarded 9 year o1d chíldren showed a

significant decline in sensitivity across time blocks with

virtually no change ín criteríon. However, the other

three groups showed the opposíte result, that is, an

íncrease ín críterion over tíme with 1íttle change in

sensitivity. Thus, this índicates that mentally retarded

persons are slower to develop the capacity to maíntain

discríminabilíty over time.
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Overa11, Lhe results of this experiment support the

conclusions drawn by Kirby, Nettelbeck and Thomas (1979),

that ís, the poorer maintenance of vigilance performance

by mí1d1y mentally retarded persons is due primarily to

developmental factors. They may develop thís skí1l to the

same leve1 as nonretarded persons by about 17 years of

age. However, the poorer discriminative abílity
demonstrated by retarded persons seems to be related to

intellectual impaírment rather than age.
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CHAPTER 5

SENSITIVITY DECREMENTS IN VIGILANCE TASKS

The results of the signal detection theory analysis

of performance in Experiment 1 indicated that Èhe

nonretarded adults, the mentally retarded adults and the

nonretarded 13 year old children became more cautious in

responding with time on the task but with little change in

perceptual sensitivity. Similar results have been

reported in a large number of studies with nonretarded

persons which show an associatíon between a críteríon

increment and the vigilance decrement (Davies and

Parasuraman, 1982). However, the greater declíne in

detection performance shown by the ment.al1y retarded 14

year old children and nonretarded 9 year o1d children was

associated with a deterioration ín perceptual sensitivity'

not with a change in decísion críterion. A review of

vigilance experiments by Swets (I977 ) índicates that

perceptual sensitivíty does decline in some vigilance

tasks. Hence, the characteristícs of tasks for which

sensitivity decrements or criterion increments have been

found and theories forwarded to explain these changes wíll

be examined next.

5.1 TAXONOMIC ANALYSIS

Early vigílance studíes found that

decrements occurred in vísual tasks requíring

sens itivity
a hígh rate
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of observation (Broadbent, L97I; Mackworth, 1970 ).

However, Swets (L977) noted that some studies had used

high event rate tasks and had not shown a sensitivity

decrement whilst others had found a sensítívity decrement

with auditory tasks. Subsequently, consideration has been

given to the influence of both event rate and task type on

sensitivity changes.

Davies and Parasuraman (1982) summarized the results

of studies which were concerned with a taxonomíc analysis

of vigilance tasks and sensítivity shifts. Vígilance

tasks used in studies up to L975 r¡/ere divided into th'o

general categories. The first group consísÈed of

"successive-discriminatíon" tasks in which subjects needed

to ídentify from successively presented stimuli a change

from a standard value stored in memory. The other group

consisted of "simultaneous-discrimination" tasks in which

signal and nonsignal events were presented

simultaneously. In addition, the tasks were further

divided according to the event rate. Those with an evenÈ

rate of less than 24 per mínute were classified as "low

event rate" tasks. Alternatively, tasks which involved an

event rate of 24 per minute or greater were classified as

"hígh event rate" tasks. The analysis found that

sensitívity decrements \{ere associated with

successive-discrimination tasks using a high event rate.

The vigilance decrement is associated wíth íncreased

criterion for all other combinations of task type and

event rate.

The task employed ín Experiment 1 involved díscrete
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stimulus events which occurred every 3 seconds with the

signal beíng an increase in stimulus intensity. That ís,

ít was a successive-discrimination Èask with a 1ow event

rate. Therefore, the criterion increments for the

nonretarded adults, Ehe retarded adults and the 13 year

o1d children were consístent with previous results for

this kínd of task. However, the sensitivity decrements

found with the mentally retarded 14 year o1d children and

nonretarded 9 year old children were not consistent with

the results of other studies whích used the same task

types.

5.2 THEORIES OF THE SENSITIVITY DECREMENT

5.2.1 Coupling

The couplíng theory postulates that the sensiÈivity

decrement only occurs in tasks which are "loosely coupled"

to the observer's perceptual system, such as in visual

tasks. Hence, percepEual efficiency declines when the

peripheral recepÈor system is oríented away from the

visual display.

!,lhilst ínítial studies found that sensítivity

decrements occurred in visual tasks (Loeb and Binford'

1968; Mackworth, I97O), later studies failed to support

this hypoEhesís as sensitivity decrements \rere also found

ín auditory tasks (Corcoran et â1., L977) and "closely

coupled" visual tasks (Loeb and Bínford, L97L).
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5.2.2 Observing Response

As outlined in Chapter 2, the observing response

theory postulated by Jeríson (t970 ) suggests that

vigilance performance deterioration is the result of

increased periods of either failure to observe the display

or blurred (díscracted) observations. In thís theory,

"observing" is assumed to be a more central process so

that while the stimulus míght be impinging on the

appropriate receptor organ, it is not "observed" as a

signal by the central decisíon making system.

The theory also proposes that there is a cost

associated wíth observing and that the decision to observe

is dependent upon the benefit of detectíng a signal.

Factors like poor motivation and fatigue increase the cost

of observing and so íncrease the number of periods of

blurred observations or failures to observe. Increases ín

event rate are also viewed as increasíng task demand as

there is a greater rate of observation required. Hence,

the íncreased cost results in a decreased willingness to

attend and so to a decline in performance. Alternatively'

factors which reduce task demand, such as more conspicuous

sígnals, should ímprove performance efficíency.

5.2.3 Habituation

The habítuatíon model postulated by Mackworth (1968'

1969) suggests that the sensitivíty decrement is the

result of habituation of the neural responses to the

repetítive stímulus events of the task. This theory

provídes an explanation for the sensítivity decrement
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found in tasks using high event rates in that habituation

is faster in these tasks as a result of the greater

frequency of background events.

The theory also suggests that performance is ímproved

by the process of díshabituation which should fo1low any

change in task conditions. However, Krulewitz et aI.
(I975) found that detection rate changed inversely to a

shift in event rate, that is, an increase in event rate

decreased detection rate whereas a decrease in event rate

increased detection rate. Hence, their results failed to

support the hypothesis since an increase ín detectíon rate

would have been predicted under both conditions.

5.2.4 Memory

Davíes and Parasuraman (1982) suggest that memory

could be an important factor in vigílance performance

given the results of the taxonomic analysis of tasks

outlined earlíer. Successive-discrimination tasks are

considered to depend more on memory compared with

simultaneous-díscrimination tasks as informatíon has to be

integrated over successíve events as well as a partícular

nonsignal stimulus characteristic remembered. The

sensítivity decrement found in successive-discrimínatíon

tasks with a high event rate ís viewed as the combíned

effect of dependence on memory and the demands of a hígh

stimulation rate.

The results of a study by Johnston et al. (1969) were

cited to support thís theory. Subjects in the study

monitored two tasks involving an 8 x 8 matríx of
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alphanumeric stimuli. One task, which was hypothesized to

be more memory dependent, ínvolved the detection of

deletions of some stimulí compared wiÈh the previous

display. The other task involved detection of additions

to the display. Results found that sensitivity values

were reliably lower for the former task compared to the

latter.

It was also noted that an implication of the theory

is that if Èhe sensitivíty decrement is assumed to be the

result of the decay of a memory trace then an íncrease ín

signal rate should stop the process and so the decrement.

However, signal probability has been shown to effect

criterion but not detectabí1ity (Loeb and Binford, 1968;

Parasuraman and Davies , 1976),

5.2.5 Fatigue

I¡lelford (1976), ín attempting to explaín the

sensitívíty decrement associated with tasks such as that

in whích subjects had to detect momentary interruptions of

a continuously rotating pointer (Mackworth 1964, 1965;

Mackworth and Taylor, 1963), hypothesízed that monitoring

in such tasks has to be continuous as signals could occur

at arly time rather than at discrete intervals' and that

this was likely to be fatiguing.

Studíes concerned with the effects of fatigue on

vigilance performance provide some support for thís

hypothesis. Mast and Heímstra (1964), for example,

studied the effects of working for four hours on tasks

including mental aríthmetic and símulated driving.
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Results found that the mental arithmetic task led to a

signifícant reduction in detection efficiency in a

subsequent visual vigilance task compared to a control

condition. The mental arithmetic task was postulated to

involve "mental fatigue". Reductions in sensitivity also

occurred for two símulated drívíng tasks but these were

not statistically significant. However, Bonnet (f980)

found that sensitivity in an auditory vigilance task was

reduced by prior exercise.

There have been two theories put forward to explain

mental fatigue. hlelford (I976 ) referred to the

tradítíonal hypothesis that the nerve ce11s involved

either directly or indírectly in the fatiguíng performance

become insensitive or unresponsive due to the contínued

activity. Short-term retentíon has been shown to be

ef f ected by f atigue (lnlelf ord, Brown and Gabb, f 950 ) and

this theory suggests that short-term retention depends on

self-maintaíning neuronal circuits which become

insensitive, resulting in memory traces decaying.

The second explanatíon is an overarousal effect ín

which eíther general or loca1 neural activity rises beyond

an optímum level (Bartley and Chute, L947; Crawford, 1961;

f'loodworth and Schlosberg, 1954). Loss of short-term

retentíon is viewed as resulting from disturbance of the

memory traces.

I¡Ie1f ord suggests that there is evidence to support

each hypothesis and that the two processes could operate

in dífferent circumstances. Observations of írritability
and diffícu1ty ín sleeping or relaxing after extended
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periods of taxíng mental work support the arousal theory.

Alternatively, the results of a study by Berger and

Mahneke (1954) support the impairment theory when

considered in terms of the sígnal detectíon theory. Their

study found that visual acuity and critical flicker

frequency decreased when repeated measurements were taken

continuously over a period of about 30 minutes. hlelford

suggests that sensítivity would decrease as a result of

local neural failure, whereas criterion would decrease

with overarousal. Furthermore, there would be 1íttle

change in sensítivity with moderate overarousal. However,

intense overarousal resulting in the firing of ce11s in

the cortex would increase noise and lower sensitivity as

well as criterion. Mackworth and Taylor (1963 )

ínterpreted the results of Berger and Mahneke as

indícatíng a decline in sensitivity wíthout alteration to

criterion.

5.3 THE SENSITIVITY DECREMENT AND MENTAL
RETARDATION

The results of Experiment 1 suggest that mentally

retarded people have a slower rate of development in terms

of their sustained attention abilíty compared with

nonretarded people. The signal detection theory analysis

indicates that the difference in both overall híts and

rates of decline found between young mentally retarded and

nonretarded people ís related to the ability to maintaín

discrimínabi1íty of signal from the nonsígna1 events.

This finding is particularly notable gíven that the type

of task used has not previously been shown to be
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associated with a decrement in perceptual sensitivity in

nonretarded subject groups. The other three groups ín

Experíment 1 showed the expected increase ín ß rather than

a change in d' .

A number of theoríes forwarded to explain the

sensitivity decrement found in vigilance tasks have been

unable to account for al1 the findings of experiments.

The results of Experiment 1 also faí1ed to support the

coupling hypothesis for both retarded and nonretarded

subjects as there were no differences in sensítivity

decrements orì the visual and auditory tasks for aLI

subject groups.

Three of the remaining theories cari be viewed as

being interrelated and could explain the results obtained

in Experiment 1. If the task is fatiguing for the

mentally retarded 14 year old children and nonretarded 9

year old children then, in terms of the observing response

theory, the cost of observing is increased and so also

would be the number of periods of blurred observations or

faílures to observe the display. A1so, a direct

relationship has been assumed by l^lelf ord (1976 ) to exist

between fatígue and memory, with a loss of short-term

retention being a result of fatigue. Hence, there is no

clear explanatíon for the greater declíne ín detectíon

rate over tíme and the sensitivity decrement shown by the

mentally retarded t4 year old chíldren and theír

nonretarded mental age counterparts. Further experimental

consíderation will therefore be gíven to fíndíng a
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possible explanation

Experiment 1.

for the results obtained in
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CHAPTER 6

STRATEGY EFFECTS

6.1 EXPERIMENT 2

The previous experiment ínvestigaÈed the results of

five earlier studies which compared the vígilance

performance of mentally retarded and nonretarded persons.

Results showed that mildly mentally retarded children had

a lower mean overall hit rate, and arL earlier and more

rapid decline in performance compared with nonreEarded

children of the same chronological âger but performed

similarly to nonretarded children of equivalent mental

age. However, there were no signíficant differences in

either the mean overall hit rate or decline in hit rates

over tíme between mentally retarded and nonretarded

adults. In addition, there was no dífference in the rates

of decline of performance in visual and auditory modes of

the task for all subject groups and hence no support for a

distraction explanatíon for the poorer sustained

performance of the mentally retarded children. Thus, the

results gave further evidence of a developmental 1ag in

the ability of mentally reEarded persons to sustain

vigilance performance .

The evidence for a developmental Lag raises the

further questíon of the nature of the change that occurs

over time. The results of the signal detection theory

analysis in the previous experíment indicated that the 1ag

,i
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is concerned with the ability to continuously discriminate

between the signal and nonsignal events over time. One

possible explanation is that when stimulus events occur

regularly, subjects try to maintain vigilance by adopting

a strategy of only attending when a stimulus event is

about to occur and resting between stimulus events.

I¡lelford (I976) has postulated that the ability to predict

the occurrence of everits enables the effícient deployment

of aEtentíon and so reduces susceptibility to, or avoids

the adverse effects of fatigue. Thus, the adoptíon of

such a strategy of only attending when a sÈimulus is about

to occur could prevent fatigue and so the sensitivíty

decrement. Mentally retarded subjects might be slower to

develop this strategy.

Both the visual and auditory tasks used in the

previous experiment utilízed discrete stimuli which

occurred at regular intervals of 3 seconds for a duratíon

of 0.5 second each. In both cases, nonretarded adults and

13 year old children and mentally retarded adults may have

learned to "switch off" their attention between stímuli'

that is, they may have developed the ability to predict

when inspection of the signal source r¡{as required which

may also minimize fatigue. Gíven this explanatíon,

arranging stimulus events so that their arrival could not

be predícted would prevent the use of thís strategy.

I,rlhíle thís might not ef f ect perf ormance on an audítory

task where any signal impinges directly on the ear' it

would requíre continuous attentíon in a visual task.

Thus, in a vísual task, having a continuous stímu1us
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source might be expected to lead to greater decline in

vigilance performance if subjects have developed and are

dependent on a monitoring strategy of "switching attention

off" between stímuli. Since sígnals in an auditory task

having a continuous stimulus source would simply consist

of increases in the intensity of the nonsignal source'

these should be more easily detected and hence performance

might be expected to improve compared with a task havíng

discrete sígnals and nonsignals. This should occur

regardless of whether subjects have an appropriate

monitoring system or not.

The purpose of this experíment \^/as to investigate the

possibílity of an attention strategy effect by utilizi-r:g a

continuous stímu1us source which would not allow subjects

the chance to predíct when ínspection of the source was

important. If the abílity to predict stímulus events and

switch attentíon on and off appropriately is an important

factor in maintainíng vigilance performance then both

nonretarded and retarded adults should show an earlier and

more rapid decline ín performance when compared with theír

performance using díscrete sEímuli. To the extent that

retarded adults are more dependent on such a strategy, and

may be more susceptíble to fatígue, they might be expected

to show a faster declíne than nonretarded subjects. This

latter result would suggest either that mentally retarded

subjects have still not fully reached the vigílance

capacity of nonretarded subjects by the tíme they are 17

years old or that they have some genuíne deficit. No

dífference in the rates of decline in performance between
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retarded and nonretarded groups would further support a

general developmental delay in mentally retarded persorìs

whích is overcome by approximately age 17 years.

1

t
ù

i

6.2 METHOD

6.2.1 Subjects

The retarded subjects

employees from a vocational

were 7 male

rehabilitat ion

and 3 female

centre. Their

¡

i
t
'l

,l

I

I

I
I

IQ scores on the I¡Iechsler Adult Intellieence Scale ranged

from 61 to 81 (mean 70). Ages ranged from 17 years 0

months Eo 23 years 1 month (mean 19 years 0 months ).

The nonretarded control subjects were 4 male and 6

female students from the Uníversíty of Adelaide aged from

L7 years 7 months to 18 years 1l months (mean 18 years 3

months ) .

Therefore, both these subject groups were comparable

in age to the adult subjects in Experíment 1.

6.2.2 Apparatus and Stimulus Sequence

The apparatus was the same as that used for the

vísual and auditory tasks ín the previous experiment.

The vísual task consísted of a circular red light 3

cm. in diameter whích remained í1luminated. The signal

h/as a 0.5 second increase in the intensity of the 1íght.

The subjects wore a pair of earphones in the auditory task

through which a continuous white noise was played. The

sígna1 was a 0.5 second increase in the íntensity of the

noise. The background visual and auditory intensíties

were the same as the nonsignal íntensities ín the previous
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experíment, that ís,10ft1. and 30db. respecEíve1y.

The lowest intensitíes at which each subject could

díscríminate signals from the background stimulus was

determined using a method whích ís descríbed in the

procedure sectíon. In addition, this attempted to equate

approximately the degree of difficulty on the visual and

auditory tasks as the trainíng procedure used in the first

experiment was unable to achieve equivalent. degrees of

difficulty for the two tasks. Visual and audiEory signal

intensities for the mentally retarded subjects ranged from

18ft1. to 28ftl. (mean 22f.tl.) and 32db. to 39db. (mean

34db. ) respectively. Visual and auditory signal

íntensities for the nonretarded subjecEs varied from

15ftl. to 24f.tL. (mean 19ftl.) and 32db. to 39db. (mean

34db. ) respectívely.

The duration of an experimental sessíon and the

ínter-signal intervals were the same as ín the previous

experiment with each 1O-mínute tíme block containing 10

signals.

6.2.3 Procedure'

The procedure was similar to that used ín the fírst
experimenÈ wíth each subject required to attend three

sessions. At the first session, subjects were tested on a

visual discrimínation traíning task. Subjects were

ínformed that a light would appear and that sometímes ít
would be "brighter" for 0.5 second. The subjects

initially learned to díscriminate between the background

stimulus and a signal íntensity of 40ftl. Subsequent
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training was extensive and linked to specific success

criteríon, with training involving up to 300 trials, with

signal intensities ranging from 1l ft1. to 60ft1. Signal

intensíty was initíally 40ft1. but h¡as thereafter varíed

using a computer controlled parameter estimation by

sequential testing ("PEST") procedure (Taylor and

Creelman, L967). Thís raised or lowered the signal

intensíty as response accuracy fe11 below or increased

beyond a predetermíned leve1 of accuracy of 80%, the

equivalent criteríon level to that used in Experiment 1,

for as many trials as were necessary to achieve this level

f.or a minimum of 10 consecutive trials.

l

The

commencing

intensity
procedure.

minutes.

same procedure applied to

at a signal intensíÈy

from 31db. to 60db.

the auditory task,

of 55db. Signal

during the trainingranged

The total training session lasted up to 30

All subjects were able to complete the training on

both tasks and thus participated in the fínal two testíng

sessions.

Subjects attended the following two sessions to

complete the visual and auditory tasks in the same way as

in the first experiment. Before each task, practice

series of 16 stimuli each were presented at the subject's

fínal traíning discrimination intensity until a criteríon

of 13 correct (tnat is, approxímately 80%) was passed.
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6.3 RESULTS

6.3.1 Hits

The mean percentage of correct detections

each successive ten-mínute block for the two

each Èask are shown in Figure

that the nonretarded adults had

6.1. The figure

(híts ) for
groups on

indicates

a higher mean hit rate on

each task for each successive tíme block than the mentally

retarded adults. There appeared to be 1ittle change in

these differences over blocks, índicating that the

vigilance decline of both groups hras similar. Both groups

of subjects had hígher hit rates on the auditory task

compared with the visual task.

A three-way analysis of varíance of Groups by Tasks

by Blocks with repeated measures on the last two variables

found significant main effects between groups (E = 7 .59,

1/18 4!, p < 0.05), rasks (E = 4.9o, 1/18 df, p < 0.05)

and over blocks (q = 10.54, 4/72 df, p < 0.01).

Examination of these results in Fígure 6.1 indicates that

the nonretarded adults scored a hígher mean overall hit
rate compared with the retarded adults, subjects obtained

a higher mean overall hit score on the auditory task and

mean hit rates tended to decline across tíme blocks.

However, there were no significant interactíon effects

which indicated that there was no dífference between the

mean rates of declíne of the two groups on each task.

6.3.2 False Alarms

The mean percentage of commissíon errors (false

alarms) for each successive ten-minute time block for the
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two groups on each task are shown in Table 6.1. The table

indicates that both groups registered relatively few false

alarms at each time block. The mentally retarded adults

regístered the most false alarms on the vísual task

followed by the auditory. The nonretarded adults

regístered very few false alarms on eíther task. A

statistical analysis was not conducEed due to the low

frequency of false alarms registered by both of the

subject groups on both tasks.

GROUP TASK
1 2

TIME BLOCK
34 5

2.2
0.4
0.1
0.0

1.5
0.6
0.0
0.1

1.6
0.8
0.1
0.0

2.0
0.5
0.0
0.0

3.6
0.5
0.7
0.1

Visual
Audítory
Visual
Auditory

MR

NR

TABLE 6.1 Mean percentage of commission
successive time block for the mentally
(MR) and nonretardéd adults (NR) on
audítory tasks.

errors for each
retarded adults

the visual and

6.3.3 Signal Detection Theory Analysis

Craig and Colquhoun (1975) have advised against the

uncritícal use of d' when there are frequent occurrences

of no false alarms. Also, the faílure to emit false

alarms has been the most common reason for not being able

to perform a Sígnal Detection Theory analysis (Jeríson et

al., L965). Thus, given the 1ow numbers of false alarms

registered by the subjects, a sígnal detectíon theory

analysis was not performed.
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6.4 COMPARISON TO EXPERIMENT 1

Figure 6.2 shows the mean percentage of correct

detections (hits) for each successive ten-minute block on

the visual and auditory modes of the tasks used in the

first two experiments for the mentally retarded and

nonretarded adults. A four-way analysis of varíance of

Experiments (díscrete vs continuous stimulus ) by Groups

(mentally retarded vs nonretarded) by Tasks (visual vs

auditory) by Blocks, with repeated measures on the last

tv¡o variables, found signifícant main effects between

experiments (E = 5.99, Il36 4!, P < 0.05), groups (E =

8.28, ll36 df, p < 0.01), tasks (F = 5.15, l/36 df., p <

0.05) and over blocks (E = 13.13, 4/L44 4!, p < 0.01).

Examination of these results ín Figure 6.2 indicates that

subjects had a higher mean overall hít rate on the

contínuous stimulus task compared to the díscrete stimulus

task and on the auditory task compared to the visual

task. A1so, the nonretarded subjects had higher overall

hit rates than the mentally retarded subjects and rnean hit

rates tended to declíne over blocks. There were no

significant interactíon effects. In particular, ,there was

no ínteraction between conditions and blocks indicatíng

that there was no difference between the mean rates of

decline on the discrete and contínuous stimulus conditions.

6.5 DTSCUSSTON

This experiment investigated one possible aspect of

the developmental lag in the vígílance performance of

míldly mentally retarded subjects. An attention strategy
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effect \¡{as considered by using a task involving a

continuous stimulus source which did not allow subjects

the opportunity to predict when inspection of the stimulus

source was required. Results r¡/ere símílar to those found

in the first experiment ín Èhat there was no difference in

the rates of decline of average correct detections across

time blocks between mi1dly mentally retarded and

nonretarded adults. However, the nonretarded adulÈs

showed a significantly higher absolute hit rate compared

to the retarded adults. These results indicaEe that

retarded adults are no more dependent on such a strategy

than nonretarded adults, although their performance on the

task was stil1 inferior overal1.

The results agaín showed símilar decrements in hit

rates over time blocks on both auditory and vísua1 tasks.

Also, higher mean overall scores were found in the

auditory mode for all subject groups whích implies that

the auditory task was agaín relatíve1y easier than the

visual task. The prelíminary study attempted to both

equate the intensítíes approximately for the two modes of

the task as well as comparative leve1s of difficulty for

all subjects. However, it was not successful in

establíshing tasks of equal difficulty for both subject

groups and in dífferent sensory modes.

There hlas no difference in the declíne of average hit

rates across tíme blocks between the adult subject groups

on the díscrete stimulus task used ín the fírst experiment

and the continuous stímulus task used ín this experiment.

Thís result implíes that arranging stimulus events so that
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their occurrence cannot be predícted does not lead to

greater decline in vígílance performance for either

retarded or nonretarded adults. That is, the ability to

predict when ínspection of the stimulus source ís required

is not an important factor ín maintaining vígilance

performance for these subjects. In fact, subjects scored

a higher mean overall hit rate on the continuous stimulus

task, which implies that it was relatively easíer than the

discrete stimulus task. Alternatively, it is possible

that the different traíning procedure used ín this

experiment resulted in a relatively easier discrimination

for both subject groups.

Overall, these results support the conclusions

reached ín the prevíous experíment, that the maintenance

of vigilance performance of mentally retarded Persons ís

due largely to a general developmental factor and that

míldly mentally retarded persons reach the leve1 of

nonretarded persons by the age of approximately 17 years.
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CHAPTER 7

TASK DIFFICULTY AND WILL¡NGNESS

TO ATTEND

7.1 EXPERIMENT 3

The results of the first experiment indicated that

the relatively poorer vigilance performance of mi1d1y

mentally retarded persons is to a large extent a factor of

mental age up Eo approximately 17 years. Experiment 2

indícated that mentally retarded adults are able to

maintaín their vigilance performance over time everi when

stimulus events cannot be predícted. However, the

mentally retarded adults in Experiment 2 scored a lower

mearr overall detectíon score than their nonretarded

counterparts. Also, the results of Experiment 1 indicated

that the greater declíne in hit rate across time shown by

the mentally retarded children and their nonretarded

mental age control counterparts \úas associated with a

sensítivity decrement. The observing response theory'

whích was discussed in Chapters 2 and 5 ' has been Put

forward to explain the sensitivity decrement. One aspect

of this theory is that the decision to observe is

assocíated with the cost of observing and increased cost

results in a decreased willingness to attend. Poor

motivatíon is one factor which is víewed as increasing the

cost of observing. Vigilance tasks are monotonous and may

hold 1íttle ínterest for subjects. It is possible that
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one aspect of the developmental Lag could be a decreased

willingness to attend to the vígilance task.

Smith (1966) has proposed a motivational theory of

vigilance which postulates that nonretarded Persorts are

capable of attending to a vigilance task for up to two

hours but differ ín their "willíngness to do so". Hence,

nonretarded persons are assumed not to perform to their

abilíty although there are índividual dífferences in the

degree to which they attend. FurEhermore, there is some

evidence from a study conducted by Locke et aL, (f982)

whích was outlíned in Chapter 3, to support consideration

of motivatíonal factors ín the vigilance performance of

mentally retarded persons. A post-experímental interview

indicated that the mentally retarded adults found the

vigilance task "more boring or otherwise unenjoyable than

interesting". It is possible that mentally retarded

chíldren fínd the vigilance situation particularly boring

so that theír performance and that of the nonretarded

children of equivalent mental age in the first experíment

may have been due ín part to a lack of willíngness to

contínue to attend to the task. That is, mentally

retarded persons may be slower to develop a willingness to

continue to attend to the vigilance task.

The observíng response hypothesis suggests that

factors which reduce task demands, such as decreases in

event rate, should result in an ímprovement in detection

effíciency. Símilarly, the motívation theory proposes

that the manipulatíon of task characterístics such as

signal frequency should reduce task monotony and so
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improve perf ormance. Theref ore, if subjects \^rere to be

presented with a task in which signal frequency and

intensity were altered so as to make the task easier and

less demanding, then' the possibí1íty of a decreased

wíllingness to attend would be tested.

The purpose of this experiment was to investígate the

possibility that mentally retarded children are less

prepared than nonretarded children to continue to attend

over time to vigilance tasks. Subjects were presented

with a relatívely easy, but prolonged task whích did not

conform to the vigílance paradigm. Hence, the task would

not test vigilance per se but willingness to contínue to

attend to the task. The vígilance task used in the

previous experiments involved the detection of signals

which occurred at irregular and ínfrequent time intervals

wíth their intensity being near the observer's threshold.

Each task rvas of fifty minutes duration. In this

experiment, both signal frequency and intensity were

altered so that the task was relatively easier. Signal

frequency was altered from irregularly and infrequently

occurríng to occurríng with the same frequency as the

nonsignal, that is, the sígna1-to-nonsígnal ratio was set

at one-to-one. The intensity of the signal was set at

well above the observer's threshold. Task duration

remained at 50 minutes.

All groups might be expected to show improved

performance under the easier task condítions, at least ín

terms of mean overall hit rate. However, íf mentally

retarded children are less prepared to maintain attention
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over time then they should continue to show a faster

decline in performance compared with nonretarded children

of the same chronological age. Alternatively, if the

retarded children show a similar hit rate over time to

that of the nonretarded children then the willingness to

cont.inue to attend hypothesis would not be supported.

A visual task only was utilized. as the results of the

previous two experiments demonstrated that there were no

dífferences between the rates of decline in performance in

vísual and auditory modes for both nofiretarded and

reÈarded groups.

7.2 METHOD

7.2.1 Subjects

There were 7 male and 3 female

sEudents from a special school whose

I¡lechsler Intelligence Scale for Children

72 (mean

mentally retarded

IQ scores on the

9

64).

months

Ages ranged from 11 years 5

(mean 13 years 9 months).

the group was estimated to

ranged from 52 to

months to 15

The average

be 8 years 9

years

mental

months.

age for

Chronologícal age control subjects

female students from a secondary school.

12 years 6

months ) .

Mental

months to 14 years 0 months

age control subjects were 5 male and 5

were 5 male and 5

Ages

(mean

ranged from

13 years 0

subjects

years 6

months ) .

from a prímary school whose ages ranged

to 10 years 3 months (mean 9

female

from 8

months

97
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Nonretarded subjects were selected whose academíc

performance \^/as at least average and were thus assumed to

be of at least average íntelligence.

7.2.2 Apparatus

The apparatus was the same as that used in the visual

task of the prevíous two experíments. There was a

circular red light 3cm. ín diameter which appeared every 3

seconds for 0.5 second. The nonsignal intensity was the

same as that used in Ehe previous experíments, that is,

10ft1. The signal intensity was set at 40ftl. ' the

initíal intensity at which subjects learned to

discriminate between the nonsignal and signal' and well

above their threshold level which was determined usíng the

PEST procedure for each subject.

An experímental sessíon lasted for 50 minutes with

each 10 mínute time block consistíng of 100 signals and

100 nonsignals. The time between signals varied randomly

from 3 seconds Eo 27 seconds.

7.2.3 Procedure

The procedure was similar to that used in the second

experiment but with subjects required to attend only two

sessions. At the first session subjects learned to

discríminate between the nonsignal and a signal of 40ft1.

Then the computer controlled sequential testíng (pnSf)

procedure employed ín Experiment 2 was again used to

determine the lowest íntensity at which subjects could

discriminate signals from the nonsígnal at a level of at
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least 80% accuracy. In this wây, it was possible to

ensure that the intensíty of the task signal was set well

above each subject's threshold 1evel.

All subjects were able to complete the training and

thus partícípated in the second (test) session.

At the second session, subjects were presented with a

practice díscrímínation series of 16 stimuli with the

signal intensiÈy set aE 40ftl. The series contaíned an

equal number of signals and nonsignals presented ín random

order. The same criterion as that in the previous

experiments was used, that is, f3 correct (approximaEely

80%). After subjects had passed críterion on the practice

series they were ínformed that they would be presented

with a similar sequence but that it would last for about

50 minutes. It hlas emphasízed that there would be an

equal number of signal and nonsignal stimuli but that they

would occur ín random order. hlatches were removed and

earphones were worn throughout the task to reduce

extraneous noise.

7.3 RESULTS

Figure 7.L shows the mean number of correct

detections (híts) and commissíon errors (false alarms) for

each group of subjects on each successíve ten-minute block.

7.3.1 Hits

Figure 7.L índícates

blocks for the chronological

with the mentally retarded

símí1ar hit rates across time

and mental age control groups

group showing an earlíer and
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more rapid declíne. A two-way analysis of variance of

Groups by Blocks with repeated measures on the latter

variable found significant main effects between groups (E

= 5.20, 2/27 4!, p < 0.05) and over tíme blocks (I =

11.15, 4/108 df, p < 0.01). There was also a signífícant

interaction between groups and blocks (F = 3.65, 8/108 df,

p < 0.01). Examination of these results in Figure 7.L

indícates that groups differed in their mean overall hit

rates, mean hit rates tended to decline over tíme blocks

and there were differences in the mean rates of decline in

performance between the three groups.

Two planned comparisons \,{ere included ín the analysis

to further investigate possible differences in performance

of the three groups in terms of the developmental lag

hypothesis. The fírst compared the nonretarded 13 year

old children with the mentally retarded L4 year old

children and nonretarded chíldren of similar mental age.

The second compared the last two groups with each other.

Results found significant main effects between groups orr

both the first (F = 5.74, L/27 d.f., p < 0.05) and second (E

= 4,67' L/27 df, p < 0.05) comparísons. There were also

significant linear interactions between groups and blocks

for both the first (E = 19.58,1/108 4!, p < 0.01) and

second (E = 9.00,1/f08 4!, p < 0.01) comparisons.

Further examinatíon of Fígure 7.I indicates that the

mentally retarded children scored a lower mean overall hit

rate than the other two subject groups. A1so, groups

differed from each other in their rates of decline in

performance across time blocks. The mentally retarded
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children and the nonreta'rded 10 year old children showed a

year old

children

.t

'.t

rì|
greater

children.

showed a

mean decline than the nonretarded 13

In addition, the mentally retarded

greater declíne than both of the two nonretarded

grouPs.

7.3.2 False Alarms

Fígure 7.1 shows that the mentally retarded grouP

registered the most false alarms followed by the mental

age controL group which in turn registered more false

alarms than the chronologícal age control group. The

retarded and mental age control grouPs regístered

progressively more false alarms over time blocks whereas

the chronologíca1 age control group registered

progressíve1y fewer false alarms over blocks. The same

analysis of variance model (Groups by Blocks) found only a

significant ínteraction between grouPS and blocks (E =

2.L5, 8/108 df, p < 0.05).

The same two planned comparisons as those used for

híts were íncluded ín the analysis. Results found only a

significant ínteraction between grouPs and blocks on the

fírsr comparison (F = 12.00, 1/108 df, p < 0.01). These

results confirm the previous observations that the

mèntal1y retarded and nonretarded 10 year o1d chí1dren

showed simílar increments in false alarms registered

across time blocks whereas the nonretarded 13 yeat old

children showed a decrement across time blocks.

þ
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7.3.3 Signal Detection Theory Analysis

As there were dífferences in hit and false alarm

rates across time blocks between the subject groups

sensitivity and críterion values were calculated for each

subject at each time block. The same Procedure was used

to that ín Experiment 1 when the percentage of híts or

false alarms was 0 or 100. The mean values of d'and ß at

each successive tíme block for each grouP are shown in

Tables 7.L a¡d, 7.2 respectively. Table 7.1 indícates that

sensitivity values declined for the mentally retarded 14

year old children and nonretarded t0 year old children.

However, there was a small íncrement in sensitívity values

for the nonretarded 13 year o1d children.

BLOCK
'GROUP 1 2 4 5 MEAN

ú
¡Dr

F
3

tl tl

CA
MR
MA

3.41
2.75
3.28

3 .81
2.3r
3.37

3.72
2.t5
2.88

3.90 '
1.98 ,

2.61 ,

3.72
t.67
2.5L

3.7L
2.L5
2.93

MEAN 3. 14 3. 16 2.91 2.7 9 2.63 2.93

TABLE 7.1 Mean sensitivity values at each successive
time block for the nonretarded 13 year old children (CR¡ 'mentally retarded L4 year old chíldren (MR) and
nonretarded 10 year old children (I{A).

The same analysis of variance model as that used for

both hits and false alarms (Groups by Blocks ) found

sígnificant main effects between groups (E = 8.07, 2/27

df, p < 0.01) and linearly over blocks (E = 5.36,4lLOg

df, p < 0.01). There was also a signíficant interactíon

between groups and blocks (F = 3.47,8/108 df, p < 0.01).
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Inspection of these results in Table 7.L indicates that

there were dífferences in the overall mean sensitívity

values between the groups, that mean sensítivity values

declined across time blocks and that there were

differences in the change in sensitivity values across

blocks between the three groups. The same two planned

comparisons as those used for both híEs and false alarms

were again included in the analysís to further investigate

the developmental lag hypothesis. That ís, fírst the

nonretarded 13 year old children were compared with both

the mentally retarded 14 year old children and the

nonretarded L0 year old chíldren. Second, the last two

groups were compared with each other.

A significant maín effect was found between groups

for the first comparison only (E = 12.L4, l/27 df, p <

0.01). There was also a significant interaction between

groups and blocks for the first comparíson only (E =

23.05, 1/108 df, p < 0.01). Inspectíon of these results

in Table 7.L indicates that the nonretarded 13 year old

children had a higher overall mean sensítivity value

compared with the other two subject groups. Also, the

mentally retarded children and their nonretarded mental

age counterparts showed simílar sensítivíty decrements

over time to each other. However, the nonretarded 13 year

o1d children showed 1ittle change in sensítívity over time.

The same analysis of variance model as those used for

all the previous analyses ín this experiment (Groups by

Blocks) for the criterion values found a significant main

effect across blocks only (F = 2.47. 4/108 q!, p < 0.05).
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Inspection of this result in Table 7.2 indicates that

overall mean cri-terion values increased over time blocks.

There was no interactíon between groups and blocks which

indícates that there \4¡ere no differences in the change in

criterion values over time between the three groups.

i
Þ

Irl
{
tl
{

'GROUP 1 2 4 5
BLOCK

3 MEAN

'lt
i

)

I
1

CA
MR
MA

0.34
1.64
0.57

0.2L
0 .64
0 .49

0.52
t.25
1.16

0.51
2.5L
0.92

0.60
1.04
0 .65

0 .43
L .42
0.76

MEAN 0.85' 0.45 0.76 0. 98 1.31 0.87

TABLE 7.2 Mean críEeríon values across time blocks for
the nonretarded l3 year o1d children (CA) ' mentally
retarded L4 year o1d children (MR) and nonretarded 10 year
old children (MA).

7.4 COMPARISON TO EXPERIMENT 1

The performances of the three subject groups in this

experíment were compared with the performances of the

corresponding groups on the visual task in Experiment 1 to

establish any differences under the two task conditions.

fn partícular, it was important to determíne if the

performances of the mentally retarded children in this

experiment and the nonretarded 13 year old children in the

first experiment were comparable.

7.4.1 Hits

Figure 7.2 shows the mean percentage of correct

detections (trits) on each successive time block for the

nonretarded 9/L0 and 13 year old children, and mentally

[,
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retarded L4 year old children in both the first and third

experiments. The fígure shows that each of the three

subject groups in the third experimerrt scored a higher

mean hit rate at each time block than their counterparts

in the first experiment. In addítion, the mean rates of

decline in performance of the mentally retarded and

nonretarded 10 year old children in the third experiment

do not appear as fast compared with the corresponding

groups ín the first experiment. The retarded children ín

this experiment showed similar hit rates at each tíme

block to the nonretarded 13 year old children in the first

experíment.

A three-way analysis of varíance of Groups by

Experiments by Blocks with repeated measures orr the last

variable found, in particular, a significant main effect

between experiments (E = 79.24, L/54 df, p < 0.01), and

sígnificant interactions between experíments and blocks (F

= 14.7, 4/2L6 4!' p < 0.01), as well as between groups,

experiments and blocks (F = 4.82, 8/ 216 ð,f. , p < 0.01 ) . A

separate analysis of variance of Groups by Blocks with

repeated measures on the latter variable compared the

mentally retarded chí1dren in the thírd experiment with

the nonretarded 13 year old children in the first

experíment. Results did not show either a maín effect

between groups or an interaction effect between groups and

blocks.

Examinatíon of these results ín Figure 7.2 supports

the previous observations. Groups in the third experiment

scored a hígher mean overall hit rate, and showed a slower

I
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decline in mean hit rates across time blocks compared with

groups in the fírst experiment. In additíon' there h'as no

difference ín either mean overall hit rates or mean rates

of decline in performance between the mentally retarded

children in Experiment 3 and nonretarded 13 year old

children in Experíment 1. Thus, given easíer task

conditions the mentally retarded L4 year o1d children were

able to show similar hít rate performance as nonretarded

children of similar chronological age on a more difficult

task with characteristícs which conformed with the

vigilance paradigm.

7.4.2 False Alarms

Figure 7.3 shows the mean number of commissíon errors

(false alarms) registered at each time block by the three

groups in Experiment 3 and the corresponding groups ín

Experiment 1. The figure índicates that more false alarms

were registered by the mentally retarded and nonretarded

13 year o1d children ín the third experiment compared with

theír couriterparts in the fírst experiment.

The same analysis of variance model as that used for

hits (Groups by Experiments by Blocks ) found only a

signíficant interactíon between experiments and blocks (E

= 4.18, 4/2L6 4!, P < 0.01) fnis result indicates that,

whí1st groups registered similar mean overall false alarms

in both experiments, there htas a dífference ín the mean

false alarms registered across time blocks between the

experiments. lable 7.3 shows the mean number of false

alarms registered at each time block by the relevant
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groups in Experimen[s L and

sígnifícant interactíon between

The table indicates that the

registered more mean false alarms

3, and reflects the

groups'

groups

at the

and experíments.

in Experiment 1

fírst block but

the groups in

in false alarms

showed a decline thereafter. However,

Experiment 3 showed a sma11 increment

across tíme blocks.

EXPERIMENT BLOCK
3I 2 4 5

1 L9.7
r4.8

15.1
t6.9

rt.7
16.3

13.1
16.6

13.6
L7 .l3

TABLE 7.3 Total mean overall number of false alarms
registered at each time block by the mentally retarded,
nonretarded 13 year old and 9llO year o1d chíldren
combined in Experíments 1 and 3.

The same separate analysis of variance model as that

used for hits (Groups by Blocks) comparing the mentally

retarded children in Experiment 3 with the nonretarded 13

year old children ín Experiment 1 found both a signíficant

main effect between groups (F = 10.01, L/54 df, p < 0.01)

and a signíficant interaction between grouPs and blocks (F

= 8.98, L/2L6 df, p < 0.01). Examination of these results

ín Figure 7.2 shows that the mentally retarded children in

Experiment 3 regístered a greater number of false alarms

than the nonretarded 13 year old children in Experíment

1. A1so, the former group showed an íncrement over tíme

blocks whereas the latter showed a decrement. Thus' even

wíth easier task conditions the mentally retarded L4 year

old chíldren registered more false alarms than the
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nonretarded children of equivalent chronologíca1 age on

the more difficult vigilance task.

7.4.3 Signal Detection Theory Analysis

The mentally retarded 14 year old children in thís

experíment were compared with the nonretarded 13 year o1d

children in Experiment 1 to determine whether the easier

task conditions had resulted in an alleviatíon of the

sensitivity decrernent or a change ín criteríon values.

Table 7.3 shows the mean sensitivity and criteríon values

at each time block for both groups.

SENSITIVITY

BLOCK
GROUP I 2 4 MEAN3 5

ExP
Exp

CA
MR

1
3

2.30
2.75

3.5s
2.3r

3.09 |

2.L5 ,
2.97
1 .88

3. 10
r.67

3.00
2.L5

CRITERION

BLOCK
GROUP I 2 3 4 5 MEAN

18
64

t
0

1
3

ExP
ExP

CA
MR

1.59
r.64

2.45
1 .04

'13.88, 2.51
4.73
L.25

4.97
t.42

TABLE 7.3 Mean sensítivíty and criteríon values for the
nonretarded 13 year old children in Experiment 1 (CA:nxp
1 ) and mentally retarded L4 year o1d chíldren in
Experíment 3 (MR:Exp 3).

An analysis of varíance of Groups by Blocks wíth

repeated measures on the latter variable found a

sígníf icant main effect between groups (F = 6.06, L/54 d,f.,

p < 0.05) and a signíficant interactíon between groups and

blocks (F = 13.56¡ L/216 df, p < 0.01) for rhe sensítivity
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values. Similarly, there was a significant interaction

between groups and blocks (F = 7,47, l/216 ò,f., p < 0.01)

for the criterion values. Inspection of these results in

Table 7.3 indicates that the mentally retarded 14 year old

children in this experiment had lower overall mean

sensitivity values compared wíth the nonretarded 13 year

old children ín Experíment 1. A1so, the former group

sti1l showed a decline in sensitivity across tíme and

little change ín críterion compared with the latter group

which showed an increase in both sensitivity and criteríon

across time.

7.5 DTSCUSSTON

The purpose of this experiment was to ínvestígate the

possibility that mentally retarded children find the

vígilance task relatively less interesting than

nonretarded children of corresponding chronological age

and so are not prepared to continue to attend for the

duration of the task. A relatively easíer task was used

to test this hypothesis.

Results found that the mentally retarded children

scored a lower mean overall hit rate and showed a

significantly faster rate of decline in performance across

time blocks compared with nonret.arded children of both

equivalent chronological and mental age. The nonretarded

10 year old children in turn showed a faster decline in

performance compared wíth the nonretarded 13 year old

children. The three groups ín this experíment showed a

higher mean overall hít rate and a slower mean rate of
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decline compared with the corresponding three groups in

the first experiment which used more difficult task

characteristics. In addition, Ehere were no signifícant

differences in either mean overall hit rates or rates of

decline in performance between the mentally retarded

children in this experiment and the nonretarded 13 year

o1d childreri in the first experiment.

There \^¡ere no differences in the mean absolute number

of false alarms registered by the three groups in thís

experiment. However, there were significant differences

in the number of false alarms registered across tíme

blocks by the three subject groups. Both the retarded and

mental age control groups registered progressively more

false alarms whereas the chronological age control group

showed a decline in false alarms. The three groups in

thís experiment and the corresponding groups ín the first
experiment regístered simílar absolute numbers of false

alarms. However, the combined results for subjects in the

third experiment showed progressively more false alarms

over tíme btocks whereas the results for subjects ín the

first experiment showed progressively fewer false alarms.

In addition, the mentally retarded chíldren in the third

experiment registered more absolute false alarms compared

with the nonretarded 13 yeat old chíldren ín the first

experiment.

0vera11, these results show that the performance of

both mentally retarded and nonretarded chíldren improved

under task conditions which ldere relatively easier than

those used in a prevíous experíment. The improvement was
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shown in terms of a hígher mean overall hit rate and a

slower rate of decline in hits over time, whilst similar

absolute numbers of f alse alarms r^¡ere registered. A

relatively greater improvement in performance \^/as shown by

the mentally retarded children and nonretarded 10 yeat

children compared with the nonretarded 13 year old

children. However, the improvement whích the latter group

of children could shor^¡ was limited because of the ceiling

effect.

The faster decline in detecEion rate shown by the

mentally retarded children relative to the two nonretarded

groups of children in this experiment suggests that

wíllingness to continue to attend may be a factor in the

greater vigilance decrement of retarded children.

However, this factor ís not sufficient to ful1y explain

the performance of mentally retarded children since theír

performance did ímprove markedly in comparison to their

counterparts ín Experiment 1. In fact, the performafice of

the mentally retarded chí1dren in this experíment was

equal to that of the nonretarded children of símilar

chronological age in Experiment 1.

This finding raises the questíon of the nature of the

"unwillingness' of mentally retarded children to contínue

to attend to the vígilance task. Given that the retarded

chíldren registered an íncreasing number of false alarms

over time, theír performance decrement míght be due to a

memory loss of the task requirements, that is, confusion

about which stímulus to respond to due to the equal

sígnal-to-nonsignal ratio. Alternatively, it might
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ínvolve a fatigue effect due to the continual need to

decide whether the stímulus presented was a signal or a

nonsignal. Both these explanations would be consistent

with the findíng of a sensitivity decrement for Ehe

mentally retarded children 'and nonretarded children of

similar mental age.
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CHAPTER 8

THE EFFECTS OF SIGNAL INTENSITY AND

FREQUENCY ON THE VIGILANCE

DECREMENT

The last experiment demonstrated that variation of

visual vigilance task characteristics in such a way as to

make the task easier improved the performance of both

nonretarded and míldly mentally retarded children.

However, the retarded children stí1l showed a decrement in

performance over time whích was significantly faster than

nonretarded children of both equivalent chronological and

mental age. This díf f erence in rates of decline l^'as not

as marked as it had been between the mentally retarded

children and nonretarded children of similar chronological

age on the vígilance task used in the fírst experiment.

In fact, performance improved to the extent that there was

no dífference in either overall hit scores or rates of

decline in hits over time between the mentally retarded

chíldren on the relatively easíer task and nonretarded

children of simílar chronological age on the vígilance

task used in the first experíment.

These results indicated that whíle willingness to

continue to attend to the task míght be a signifícant

factor ín the greater vigilance decrement shown by

mentally retarded children, it is not sufficíent to

explaín the total decrement. However, the results did
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indicate that signal characterístics are significant

determinants of the decrement and that the decrement might

be explained by either a fatigue or memory loss hypothesis.

In studies involving nonretarded persons, detection

rates have been enhanced by increasing signal intensity or

frequency (see Section 2.4.2 and 2.4.3). Both signal

intensity and frequency were altered in the last

experíment. It is possíble that alteration of only one of

these variables is important in improving absolute

vígilance performance and decreasíng the rate of decline

of performance of mentally retarded children. The

following two experiments considered the relative

importance of signal intensity and frequency in

determining the decline in vígilance performance of

retarded children by varying each of these task

characteristics separately.

8.1 EXPERIMENT 4

This experiment investigated the effect of altering

sígnal íntensity on the vigilance performance of mí1d1y

mentally retarded children. A task was used ín which the

sígnal intensity was set well above the observer's

threshold. Sígna1 frequency remained irregular and low,

as it had been in the first two experiments. If

diffículty of díscríminatíon ís an ímportant determinanÈ

of vigilance performance this alteration ín task

characteristíc should result ín arr improvement ín the

performance of all subject groups. If díscriminabilíty is

a significant factor of the vigílance decrement for the
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mentally retarded chíldren, then they would be expected to

show a relatively greater improvement in detectíon

performance. Thus, L,he sensitivity decrement found in

Experiment I would be expected to be reduced or eliminated.

A signal intensity set well above threshold 1eve1

might be expected to offset the effects of fatígue. If'

as suggested in Chapter 5, the ûerve ce1ls become

insensitive through fatigue, then a stronger stimulus

would be required to continue to operate Èhem.

Alternatívely, if fatigue is an overarousal effect then an

increase in noise level would result. Hence, stronger

sígna1s would be requíred to maintaín the signal-to-noise

ratio and so the effective strength of the sígnal. If the

retarded chíldren maintain their performance over tíme to

a similar 1eve1 as nonretarded children of equivalent

chronological âg€, then this would indicate that signal

íntensíty is an important determinant of the greater

decline in vigilance for mentally retarded Persons. In

addition, failure to find a sensitívity decrement for the

mentally retarded chíldren would provide some support for

the fatigue hypothesis.

8.2 METHOD

8.2.1 Subjects

There were

students from a

5 male

specía1

and 5

school

female mentally retarded

whose IQ scores on the

I,Iechsler Intelligence Scale for Children ranged from 48 to

75 (mean 59). Ages ranged from L2 years 1 month to 16

years 9 months (mean 14 years 9 months). The average
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mental age of the group r/\¡as es tímated to be 8 years 8

months.

Chronological age control subjects were 5 male and 5

female students from a secondary school. Ages ranged from

13 years 0 months to 13 years 9 months (mean 13 years 5

months ).

Mental age control students were 5 male and 5 female

students from a primary school. Ages ranged from 7 years

8 months to 9 years 6 months (mean 8 years 6 months ).

Nonretarded children lvere selected whose academic

performance was at least average and thus were assumed to

be at least of average intellígence.

8.2.2 Apparatus and Stimulus Sequence

The apparatus was the same as that used in the visual

task of all prevíous experiments. The stímu1us sequence

was exactly the same as that used in the first
experiment. That is, time blocks consisted of 10 signals

and 190 nonsígnals and the time between signals varied

randomly from 9 seconds to 141 seconds. Nonsignal and

signal intensíties were set at 10ft1. and 40ft1.

respectively, the same as that used in Experiment 3.

8.2.3 Procedure

The procedure used was the same as that ín Experiment

3, wíth subjects required to attend two sessíons. At the

first session, subjects learned to discriminate between

the nonsignal and a signal of 40ft1. Then the lowest

intensity at whích subjects could discrimínate signals
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from the nonsignals was found using the PEST procedure to

ensure that 40ftl. was well above the threshold value for

each subject.

All subjects were able to complete the training and

thus participated in the second session.

At the second sessíon, subjects h/ere presented with

the same pracÈice discrímination series as in previous

experíments but with the signal intensity set at 40ft1.

After subjects had passed criterion on the practice series

they r,{ere ínf ormed that they would be presented wi Lh a

sequence containing similar intensitíes of signal and

nonsignal but that it would last for about 50 minutes. It

was emphasized that the sígna1 stímu1us would not occur

very often and at varying times.

8.3 RESULTS

Figure 8.1 shows the number of

(trits) and commission errors (fa1se

correct detections

alarms) for each

subject group in terms of the mean percentage for each

successive ten-minute b1ock.

8.3.1 Hits

Fígure 8.1 indicates that the three subject groups

showed similar mean rates of decline in performance over

tíme blocks with the mentally retarded group scoring the

lowest mean overall hít rate. However, a th'o-way analysís

of variance of Groups by Blocks with repeated measures on

the latter variable found only a significant main effect

over blocks (F = 6.38, 4/108 df, p < 0.01). There was no
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significant main effect between groups and no sígnificant

inEeraction effect. Thís result indicates that mean hit

rates tended to decline over time blocks but that there

r^rere no dífferences between the overall mearis and rates of

decline of correct detections for the three subject groups.

8.3.2 False Alarms

Figure 8.1 also shows that all groups demonstrated

simí1ar rates of decline of mean false alarms over time

bLocks. The retarded and nonretarded children of

equívalent mental age registered simílar mean overall

number of false alarms and the chronological age control

group registered the fewest mean overall number. The same

two-way analysis of variance model as that used for hits

(Groups by Blocks) found only a significant maín effect

over blocks (F = 10.04, 4/108 df, p < 0.01). This result

indícates that mean number of false alarms registered

tended to decline over tíme blocks. Again there was no

significant interaction effect which shows that there were

no differences in the decline of false alarm rates over

time between the groups.

8.3.3 Signal Detection Theory Analysis

The similar decrements in hit and false alarm rates

shown by the three subject groups mighÈ be expected to

reflect similar trends in sensítivíty and criterion
values. The declíne in both hits and false alarms should

reflect an increase in criterion with little or no change

in sensitivity. Hence, sensitivity and criterion values
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\dere calculated for each subject at each time block usíng

the same method as that used in the prevíous experiments.

Table 8.1 shows the mean sensítívity and criteríon

values at each tíme block for each subject group. The

same analysís of variance model as that used for hits and

false alarms (Groups by Blocks) found only a significant

main effect across blocks both linearly (F = 13.59' 1/108

df, p < 0.01) and quadratically (F = 5.78,1/108 df, p <

0 .05 ) f or the criterion values . There \4'ere no other

significant results for either sensitivity or criteríon

values, includíng no interaction between groups and blocks.

SENSITIVITY

.t

ú

tt

,

I

I

4
'I

rl
I

i

I
I

'GROUP I 2
BLOCK

3 4 5
tl tl

MEAN

4. 38
3.47
3.7 4

),
ú
.tþ,rl
flCA

MR
MA

4.80
3.90
3.82

4.22
3.L2
3.85

4.50
3.47
3.40

38
15
34

4
3
3

03
70
30

4
3
4

MEAN 4.t7 3.73 4.01 3.62 3.79 3.86

CRITERION

BLOCK
'GROUP 1 2 3 4 5 MEAN

tl

CA
MR
l'lA

29.8
9.8
1.4

6.0
0.7
0.4

36.9
30.7
L2.I

44.1
4I.9
16 .0

48.0
L6.2
6.8

33 .0
L9.9
7.3

MEAN 2.4 13.6 26.6 34.0 23.7 20.0

TABLE 8.1 Mean sensitivíty and críteríon values for the
nonretarded 13 year old children (CA) ' mentally retarded
15 year old chíldren (MR) and nonretarded 9 year o1d
children (MA).

Inspection of these results ín Table 8.1 índícates

that there were no differences in mean overall sensitivity
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and criterior vaLues between the groups. In addítion,

mean sensitiviÈy values did not change significantly over

criterion values increased over

,{

¡r

¡

¡
:L

.{
,(

{

I
I

I
I

blocks

blocks.

whereas mean

Fina1ly, there h¡ere no dífferences between the

groups in mean sensitivity and criterion values across

blocks. Thus, there was an íncrease in criterion over

time, but no change in sensitivity, for all groups under

the task conditions utilized in this experiment.

8.4 COMPARISON TO EXPERIMENT 1

The performances of the three subject groups in this

experiment were compared with the performances of the

equívalent groups ín Experiment 1 to determine relative

changes ín performarrce when a signal wíth an intensity set

well above threshold leve1 was used.

8.4.1 Hits

Figure 8.2 shows the mean percentage of correct

detections (hits) at each tíme block for the three subject

groups in thís experiment and the corresponding groups in

Experiment 1. The figure shows that the mentally retarded

children and nonretarded 9 year o1d children in the fourth

experiment scored a hígher mean hit rate at each time

block and showed a slower rate of decline than theír

counterparts in the first experiment. The nonretarded 13

year old children in the fourth experíment scored a higher

overall hít rate but showed a símilar rate of declíne as

their nonretarded counterparts in the fírst experiment.

A three-way analysis of variance of Groups by
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Experiments by Blocks with repeated measures on the last

variable found, ín particular, a significant main effect

between experiments (q = 50.60, L/54 df, p < 0.01),

sígnificant interactions between experíments and blocks (F

= 5 .81 , 4/ 2L6 df , p <0.01 ) , and between groups ,

experiments and blocks (E = 4.35, 81216 4!, p < 0.01).

Examination of these results in Figure 8.2 indicates that

groups in the fourth experimerit showed a higher mean

overall hit score and a slower rate of decline across time

blocks compared to groups in the first experiment.

A separaEe analysis of variance of Groups by Blocks

with repeated measures on the latter variable compared the

mentally retarded children in the fourth experiment wíth

the nonretarded 13 year old children ín the first

experiment. Results did not find either a maín effect

between groups or an interaction effect between groups and

blocks. This indicates that there r^/as no dif f erence ín

eíther mean overall hit scores or rates of declíne between

the two groups of subjects. Thus, given a signal

intensity set well above threshold 1eve1 mentally retarded

15 year old chíldren show simílar detection efficíency for

signals with a low probabílity as nonretarded children of

similar chronological age with signal intensíty set near

to threshold.

8.4.2 False Alarms

Figure 8.3 shows the meari percentage of commission

errors (false alarms) registered at each Èime block by the

three groups in the fourth experíment and the
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corresponding groups in the first experiment. The figure

shows that each group in the fourth experiment registered

fewer false alarms at each time block than their

corresponding groups in the first experiment. In fact,

each of the groups in the fourth experiment registered

fewer false alarms than each of the groups ín the first

experiment.

The same analysis of variance model as that used for

hits (Groups by Experiments by Blocks ) found only a

significant main effects between experiments (E = 29.89,

I/54 4!, p < 0.01). Thís result índicates that fewer

overall false alarms were registered on the fourth

experiment compared with the first experíment. There was

no interaction between experiments and blocks indicatíng

that there was no difference in the trends in mean false

alarms registered over time between the two experiments.

8.4.3 Signal Detection Theory Analysis

The similarity in detection performance and lower

overall commission error rate shown by the mentally

retarded chí1dren in thís experiment compared r+'ith theír

nonretarded counterparts ín Experíment 1 might be expected

to reflect similar sensitivity and criterion trends across

time blocks. Table 8.2 shows the mean sensitivíty and

críteríon values for the mentally retarded children in

this experíment and the nonretarded 13 year old children

ín Experiment 1.

A two-way analysís of varíance of Groups by Blocks

wíth repeated measures on the latter variable found only a
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significant main effect between groups for mearl criterion

values (q = 4.L4, L/54 4!, p < 0.05). These results

índicate, as can be seen in Table 8.2, that the mentally

retarded children in Experiment 4 had a higher overall

mean criterion value compared wíth their nonretarded

counterparts in Experíment 1. Furthermore , there r^tere rlo

differences between the two groups ín their sensitivíty

and criterion trends over time.

SENS ITIVITY

BLOCK
GROUP 2 3 5 MEAN1 4

CA:Exp 1

I'lR: Exp 4
3.55
3.12

2.97
3. 15

2.30
3. 90

3 .09
3.70

3.10
3.47

3.00
3.47

CRITERION

BLOCK

tl
GROUP

CA: Exp 1

MR:Exp 4

1 2 3'|4 5 MEAN
t?

1.59 ,

0.73 ,
2. 18
9.76

' 2.45
' 30.68

' 4.
'4r.

'13.88
, T6 .2L

, 4.97
'19.86

73
9I

TABLE 8.2 Mean sensitivity and criteríon values for the
rioriretarded 13 year old children in Experiment 1 (CR:exp
1) and mentally retarded 15 year o1d children ín
Experiment 4 (MR:Exp 4).

8.5 DTSCUSSION

Mentally retarded and nonretarded children were

presented with a task identical to that used in the fírst

experiment except that the signal íntensity had been

increased. The íntensity was set well above, rather than

near, their threshold leve1.

Results found no differences in the absolute hit

scores or rates of decline in hits across time blocks
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between the retarded children and nonretarded chilclren of

both equívalenE chronologícal and mental age. All grouPs

showed a signíficant decline in performance over tíme.

Similarly, there h¡ere no differences ín the rates of

decline in false alarms for the three subject groups or in

absolute number of false alarms registered. The results

of the signal detection t.heory analysís indicated that the

subjects from the three grouPs became more cautious in

responding with time on task but without loss in

perceptual sensitívity.

Subject groups showed superior performance to Eheir

corresponding groups in the first experiment in which the

sígnal intensity was near threshold leve1. Subjects in

this experiment scored a higher overall hít rate' showed a

slower hit rate decline and registered fewer false alarms

when compared with theír counterParts in the first

experiment. The mentally retarded children in thís

experiment showed similar performance to the nonretarded

13 year o1d children in the first experiment. There were

no differences in overall hit scores' rates of decline and

numbers of false alarms registered. In addition, there

were no dífferences in the trends across tíme in both

sensitivity and criterion between Ehe two groups.

Taken together, these results índicate that mentally

retarded chíldren can maintain theír performance over time

to the same 1eve1 as nonretarded children of equivalent

chronologícal age on a visual task which uses a sígnal

stimulus set well above their threshold level. Thus the

mentally retarded chíldren in thís experiment \./ere no less
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willing to continue to attend to the task than the

nonretarded children. The results support the possibility

that signal intensíEy is a significant factor in the

vigilance performance of mildly mentally reEarded

children. Furthermore, it was hypothesized that a signal

set well above threshold leve1 would contínue to operate

nerve cel1s as they become insensitive through fatigue or

would maintain the sígnal-to-noise ratio as neural noise

1eve1 rose. In thís wây, perceptual sensítivity was

expected to be maintained over the duration of the Eask.

Therefore, the result of no significant change ín

sensitivity over time, provides some support for the

fatigue theory forwarded to accourit for the loss of

perceptual sensítívity associated with the greater

vigilance decline shown by the mentally retarded children

in Experíment 1.

A sígnal intensíty set well above threshold level was

also used in Experiment 3 but a sensitivity decrement was

stil1 found for the mentally retarded children even though

the task would appear to be easier since, in addítion,

signals occurred frequently raÈher than infrequently.

However, this sensitivity decrement was associated wíth an

íncrement in false alarms across time blocks. The high

signal frequency míght have led to confusíon about which

stímulus to respond to, or fatigue at havíng to make more

resPonses.

8.6 EXPERIMENT 5

This experiment investigated the effect that changing
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the sígna1 frequency had on the vigilance performance of

mentally retarded children. The task ínvolved the

detection of a sígnal stímulus which occurred as often as

the nonsignal stimulus. The intensity of the signal was

set slíghtly above the observer's threshold level as in

the first two experíments. If sígnal frequency is a

signifícant determinant of ability to mainÈain vigilance

performance, then all subject grouPs might be expected to

show improvement on this task when compared with

performance on the first experiment. If the retarded

children were to show similar average hit rates at each

successive block as nonretarded children of equivalent

chronological age then the possibility that signal

frequency is a decisíve factor in their performance would

be supported. However, if the retarded chíldren show a

more rapid declíne in performance over time than

nonretarded chíldren' then this possíbí1íty would not be

supported.

An increase ín the probability of a signal occurríng

would also tesE the memory theory proposed to account for

the sensitívity decrement as outlíned in Chapter 5.

Davies and Parasuraman (f982) suggested that íf the

sensitívity decrement is related to loss of output of a

memory trace, then an íncrease in sígna1 rate should

arrest the process. SímilarIy, Dorníc (L967) proposed

that nonsignals dísrupt the memory trace and that the

degree of disruptíon or consolídatíon is proportional to

the number of intervening nonsignals and signals

respectívely. Hencer âD increase in the signal rate
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should reduce or remove the sensitivity decrement.

Therefore, a reduction or removal of the sensitivity

decrement for the mentally retarded children in addition

to a finding of similar declines ín detection performance

between the subjecÈ groups would support the memory theory.

8.7 METHOD

8.7.1 Subjects

The mentally retarded group consisted of 6 male and 4

female students from a special school whose IQ scores on

the lrtechsler Intellisence Scale for Children ranged from

49 Eo 75 (mean 62). Ages ranged from 13 years 8 months to

16 years 9 months (mean 15 years 0 months ). The average

mental age of this group \^ras estimated to be 9 years 4

months.

The chronological age control grouP consisted of 5

male and 5 female students from a secondary school whose

ages ranged from L2 years 8 months to 13 years 9 months

(mean 13 years 3 months).

Mental age control subjects were 4 male and 6 female

students from a primary school. Ages ranged from 8 years

5 months to 9 years 6 months (mean 8 years 11 months).

Nonretarded subjects were selected whose academic

performance was at least average and thus were assumed to

be at least of average ínte11igence.

8.7.2 Apparatus and Stimulus Sequence

The apparatus was the same as that used ín a1-L the

previous experimenEs. The stímulus sequence was simí1ar
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to that used in the third experiment except that each

ten-minute block consísted of approximately an equal

number of sígnals and nonsignals. Owing to changes in

computer programmes at this time, exactly equal numbers of

signals and nonsignals could not be obtained.

The nonsignal stímulus intensity h¡as set at lOft1.

and the signal intensity 20ft1., the same as that used ín

the first experíment. The number of sígnals per block

ranged from 79 to 115 (mean 100) and nonsignals from 85 to

l2l (mean f00). The tíme between signals varied randomly

from 3 seconds Lo 27 seconds.

8.7.3 Procedure

The procedure was the same as that used in the first
experiment, except that sub jects \^¡ere only requíred to
attend two sessions. At the first session, subjects

inítially learned to discriminate between a nonsignal of

10ft1. and a signal of 40ft1. The difference between the

intensíties was progressively reduced by 5ft1., as it had

been in the f írst experiment, untí1 discrímination \^ras

achieved aE a nonsignal intensíty of 10ft1. and a signal

intensity of 20ftl. Thís procedure v¡as used to make ít
the same as that in Experiment 1.

Two mentally retarded subjects faíled to pass

criteríon at Èhe fína1 test level and did not partícipate

further.

At the second sessíon, a final practice series was

presented again prior to presentatíon of the 5O-minute

task. It was emphasized that there would be an equal
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number of signal and nonsígnal stimuli but that they would

occur in random order.

8.8 RESULTS

Figure 8.4 shows the mean percentage of correct

detections (hits) and commission errors (fa1se alarms) for

each successive ten-minute block for each of the three

subject groups. Raw data for subjects in terms of the

ratios of hits-to-signals and false alarms-to-nonsignals

are shown in Appendix B-5.

8.8.1 Hits

Figure 8.4 shows that the chronological age control

subjects maíntained their hit rate performance at a

consistent 1evel over time. The mental age control

subjects had a lower mean hít score at each time block but

also showed relatively consistent performance over tíme.

The mentally retarded subjects had the lowest mean hit
rate at each tíme block and appeared to show a greater

rate of decline compared with the other two groups. A

two-way analysis of variance of Groups by Blocks with

repeated measures on the latter variable found significant

main ef f ects between groups (F = 7.85, 2/27 ð,f. , p < 0.01)

and over time blocks (q = 9.99, 4/108 df, p < 0.01).

There was a signífícant interaction between groups and

blocks (tr'= 4.84,8/108 q!, p < 0.01).

The same two planned comparisons a6 those used in

Experíments 3 and 4 were included in the analysis Eo

ínvestígate possible differences in performance based on
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the developmental 1ag hypothesis. That is, the first

compared the nonretarded 13 year old children with the

mentally retarded 15 year o1d children and the nonretarded

9 year old children. The second compared the last tvro

groups with each other. Results found a significant maín

effect between groups for the first comparison only (F =

LL.72, L/27 d,f , p < 0.01). There was also a signif icant

linear interaction between grouPs and blocks for both the

fírsr (E = L7.39,1/108 df, p < 0.01) and second (E =

15.10, 1/108 df, p < 0.01) comparisons. Examination of

these results in Fígure 8.5 indicates that the mentalty

retarded children and nonretarded children of similar

mental age obtained a lower mean overall score compared

with the nonretarded 13 year old children. In addition'

the mentally retarded children showed a faster rate of

decline compared with the two nonretarded grouPs of

chí1dren.

8.8.2 False Alarms

Figure 8.4 shows that the mentally retarded chí1dren

registered the most false alarms at each time block and

showed 1itt1e change in false alarms across time blocks.

The nonretarded 9 year old chíldren registered fewer false

alarms and the nonretarded 13 year o1d children the

least. The last group showed a s1íght increment in the

number of false alarms across tíme blocks. The same

analysis of variance model as that used for hits (Groups

by Blocks) found no signifícant main effects between

groups or across blocks, and no interaction between grouPs

t37



and blocks. This

numbers of false

that groups registered similar

each time block and that there

indicates

alarms at

was 1ittle change in the numbers

registered across time blocks.

of false alarms

8.8.3 Signal Detection Theory Analysis

The faster rate of decline in hít rate across blocks

and similar false alarm rate shown by the mentally

retarded children compared to the two groups of

nonretarded children míght be expected to reflect a faster

sensitivity decrement. Hence, sensitivity and criterion

values were calculated for each subject at each tíme block

using the same method as that employed in the prevíous

experiments.

Table 8.3 shows the mean sensitivity and criterion

values at each time block for each of the three subject

groups. The table shows that there was a decline in

sensítivity across time blocks for all three subject

groups. Also, there was little change in criterion values

across tíme blocks for all three subject grouPs.

The same analysis of variance model as those used for

hits and false alarms (Groups by Blocks) found signifícant

main effects between groups (F = 11.32, 2127 df', P < 0.01)

and across blocks (f = 7.98, 4/f08 4!, P < 0.01) for

sensitivity values. Inspection of these results ín Table

8.3 indícates that grouPs díffered in their mean overall

sensíEivíty values, wíth the mentally retarded children

havíng the lowest overall mean value, and that there v/as a

loss of sensitivity over tíme. There was no significant
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interactíon between groups and blocks which indicates that

groups showed similar rates of decline in sensítivity.

A1so, Èhere were no sígnificant maín effects or

interactíon between groups and blocks for criterion

values. Hence, there were no differences between the

groups in overall mean criterion values and mean críterion

values did not change signíficantly over time. Taken

together these results indicate that there was a loss of

perceptual sensitivity over time and little change in

degree of cautíon.

SENSITIVITY

BLOCK
'GROUP 4 5 MEAN1'2 3

CA
MR
MA

2.23
L.25
1.30

2.07
0.64
t.37

1.95
0.68
L.20

o7
86
26

2
0
1

1 .81
0.42
1.10

2.03
0,77
I.2s

MEAN 1.59 I .40 1.28 l.l1 1.3s1 .36

CRITERION

BLOCK
'GROUP 1 2 3 4 5 MEAN

CA
MR
MA

0.83
0.65
0.61

0.59
0.87
o.74

0.60
0.99
0.88

0.77
0.96
0.76

1 .04
L.t2
o.77

o.77
1.18
0.80

I

MEAN 0.69 0.73 0.82 0.98 o.92 0.83

TABLE 8.3 Mean sensitivity and criterion values for the
nonretarded 13 year o1d children (CR¡ ' mentally retarded
15 yeat old children (MR) and nonretarded 9 yeat old
chíldren (MA).

8.9 COMPARISON TO EXPERIMENT 1

8.9.1 Hits

Figure 8.5 shows the mean percentage of correct
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detections (hits ) for each successive time block for the

three groups in thís experíment and the corresponding

groups in the first experiment. The figure shows thaL the

groups in the fifth experíment had a higher hit rate

compared with the groups in the first experiment. The

mentally retarded chíldren and nonretarded 9 year old

children in Experiment 5 showed a slower rate of decline

compared wíth their counterparts in Experiment 1.

A three-way analysis of variance of Groups by

Experiments by Blocks with repeated measures on the last

variable found, in partícular, a signifícant main effect

between experiments (E = 35.12, I/54 4!, p <0.01), and

significant interactions between experiments and blocks (E

= 10.37, 4/216 df, p < 0.01) as well as between grouPs'

experíments and blocks (E = 3.38, 8/2L6 df, p <0.01).

These results índicate that subjects in the fifth

experiment obtained a higher mean overall hit score and

had a slower rate of declíne compared with subjects in the

fírst experiment.

A separate analysis of variance of Groups by Blocks

with repeated measures on the latter variable compared the

performances of the mentally retarded children in the

fifth experiment with the nonretarded 13 year old children

ín the first experiment. Results found a significant

interaction between groups and blocks (F = 8.22, L/2I6 d'f.'

p < 0.01). Examination of thís result ín Figure 8.5

índicates that the mentally retarded chí1dren showed a

faster rate of decline compared wíth the nonretarded 13

year old children.
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8.9.2 False Alarms

Figure 8.6 shows the mean percentage of comrnission

errors (false alarms) registered for each successive block

for each of the three groups ín the fifth experírnent and

correspondíng groups in the first experiment. The fígure

indicates that each of the groups in Experiment 5

registered more false alarms aE each time block compared

with their counterparts ín Experiment 1.

The same analysís of variance model as that used for

hits (Groups by Experiments by Blocks) found a signifícant

main ef f ect between experiments (E = 43.54, I/54 ð'f. , P <

0.01), and a signifícant interaction between experíments

and blocks (F = 3.03, 4/216 df, p < 0.05). Examínation of

these results in Figure 8.6 shows that subjects in the

fifth experiment regístered a greater number of false

alarms. Also, false alarms tended to decline over

successive time blocks in the first experiment, whereas

thís trend was not evident in the fífth experiment.

The same separate analysis of variance model as that

used for hits (Groups by Blocks) compared the performances

of the mentally retarded children in the fifth experiment

and the nonretarded 13 year old children in the first

experiment. Results found only a significant main effect

berween groups (E = 35.42, L/54 4!, p < 0.01). This

indicates that the mentally retarded children registered a

greater number of false alarms compared wíth the

nonretarded children.
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8.9.3 Signal Detection Theory Analysis

The different overall detection and false alarm

rates, and faster decline in híts shown by the mentally

retarded children in Experíment 5 compared with the

nonretarded 13 yeat old children in Experíment 1 should

reflect a difference in perceptual sensítívíty. Table 8.4

shows the mean sensitivity and criterion values at each

block for the two subject grouPs.

SENS ITIVITY

BLOCK
MEANGROUP 1 2 3 4 5

CA: Exp 1
MR:Exp 5

2.30
L.25

3.5s
0 .86

3 .09
0 .64

2.97
0.68

3. 10
0.42

3 .00
0.77

CRITERION

BLOCK
GROUP 1 2 3 4 5 MEAN

Exp
ExP

CA
MR

1
5

' 1.59
' 0.65

2.18
0.87

4.73
t.L2

' 13.88
' 1.18

4.97
0.96

45
99

2
0

TABLE 8.4 Mean sensitívity and criteríon values for the
nonretarded 13 yeat old children in Experiment 1 (Ce:nxp
1) and mentally retarded 15 year old children ín
Experíment 5 (MR:Exp 5).

The same separate analysís of variance model as that

used for both hits and false alarms (Groups by Blocks)

found a signíficant maín effect between groups (F = 62.29,

I/54 4!, p < 0.01) and a sígnificant ínteraction between

groups and blocks (E = 10.35, l/2L6 4!, p < 0.01) for

sensítívíty values. Similar results were found for the

críterion values, wíth a significant main effect between

groups (E = 5.30, L/54 df, P < 0.05) and a signíficant
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interaction between groups and blocks (F = 8.22, l/216 ð'f. '
p < 0.01). Inspection of these results in Table 8.4

indicates that the mentally retarded children ín

Experiment 5 had a lower mean overall sensitivity value

and showed a sensitivity decrement compared with theír

nonretarded counterparts in Experíment l. Also, the

latter group v¡as more cautious overall and became more

cautíous in responding with time on the task compared with

the former group of subjects.

8.10 DTSCUSSION

Mentally retarded and nonretarded children were

presented with a task similar to that used in the first

experiment except that the signal stímulus occurred with

the same probabilíty as the nonsígna1 stímulus rather than

with a low probability. Subjects exhibíted a hígher

overall hit score and slower rate of decline on this task

compared with the corresponding subjects on the vigilance

task in the first experimenE. However' the mentally

retarded children in this experíment had a lower overall

hit score and a greater decrement compared with the

nonreÈarded 13 year old children in the fírst experiment'

and a faster decline in performance compared with the two

nonretarded groups ín the fifth experiment. Although

these results for hits are not consistent wíth the

developmental hypothesis, sígna1 detection analysis

comparíng both hits and false alarms found no differences

in rates of decline in sensitívity between the groups.

Similar numbers of false alarms were registered at
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each time btock by the [hree subject groups in this

experiment. However, more false alarms were registered by

these groups compared with the corresponding subjects in

the fírst experíment. In particular, the mentally

retarded subjects in this experiment registered a higher

number of false alarms but showed a similar trend across

time blocks compared with nonretarded 13 year old chíldren

ín the first experiment.

Hence, overall detection efficiency improved buÈ

false alarm rate was hígher for all three subject groups

under task conditions involving arl increased sígnal rate.

The results do not support the possibility that the

greater decline in detection efficiency shown by the

mentally retarded 14 year old children and nonretarded 9

year o1d children in Experiment I was due to a progressive

loss of memory output for the signal stímulus. Given the

higher signal probability, the mentally retarded children

still demonstrated a faster rate of decline compared with

their nonretarded counterparts in both this experiment as

well as compared with those in Experiment 1. In addition,

the retarded children still showed a sensitivíty decrement

in thís experiment. The memory theory predicted that the

mentally retarded children would show similar detection

efficíency to the nonretarded children of equívalent

chronological age and that there would not be a

sensitívíty decrement.

8.11 COMPARISON OF RESULTS FOR THE MENTALLY
RETARDED CHILDREN FROM EXPERIMENTS 3, 4 AND 5

The results of the previous three experiments
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indicate that mi1d1y mentalLy retarded children show

improved performance when either signal intensity or

frequency or both are altered so that the task is

relatively easíer. However, performance varíed according

to which signal characteristic was altered.

The mentally retarded chíldren in both the third and

fourth experíments (high intensity, high frequency signal

and high intensity, 1ow frequency signal respectively)

showed simí1ar rates of decline in hits and overall hit

scores to that of the nonretarded 13 year old children in

the first experiment (low intensity, low frequency

signal ) . However, the retarded chíldren in the fifth

experiment (low intensity, hígh frequency sígnal) had a

greater decline in hits, although similar overall hit

scores, compared with the nonretarded 13 year old children

in the fírst experiment.

The retarded children in both the third and fifth

experíments registered more false alarms than the

nonretarded 13 year old chíldren in the first experiment.

However, the retarded children ín the fifth experíment

showed a decrement across tíme blocks símilar to that

shown by the nonretarded 13 year old children, whereas the

retarded children in the third experiment showed an

increment over time. In contrast, the retarded children

in the fourth experiment registered both similar false

alarms overall and at each time block as the nonretarded

chí1dren.

The relative dífferences ín performance between

Experíments 3, 4 and 5 are shown in Fígure 8.7. The
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figure shows the mean percentage of hits

for each successíve Eime block for the

together with the above

retarded children in the

overall performance as

h/ere registered. A1so,

results, indicates

fourth experiment

and false alarms

mentally retarded

figure,
that the

showed best

chíldren in each of these experiments. The

signífícantly fewer false alarms

Ehe retarded chíldren in the fifth

experiment showed the worst overall performance.

8.12 THE IMPORTANCE OF SIGNAL INTENSITY AND
FREQUENCY ON VIGILANCE PERFORMANCE

The last two experiments considered the relative

ímportance of signal inEensity and frequency to the

vigilance performance of mildly mentally retarded

chíldren. Subjects were presented with tasks in which

signal intensíty and frequency had been varied

separately. The results of these experíments h¡ere also

compared to both those of Experiment 3, ín which both

signal characteristics were altered, and ExperimenÈ 1 in

whích signal characteristics conformed wíth the vigilance

paradigm.

The results demonstrated that the performance of

mildly mentally retarded chíldren improves when either or

both of these signal characteristics are increased.

Hence, both signal intensíty and frequency are ímportant

determinants of the vigilance decrement shown by mildly

mentally retarded children. However, the results suPport

signal intensity as the more ímportant of the two signal

characteristics in that retarded subjects showed best

overall performance on the task wíth a hígh íntensity

I

t,)
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signal. In additíon, Ehe mentally retarded children were

able to maíntain perceptual sensitivity over the duration

of the task in whích signal intensity was set well above

threshold leve1, but occurred infrequently. Ilowever'

sensitívíty declined on the task involving a signal set

near threshold leve1 but which occurred wíth equal

probabílíty as the nonsignal events. Overal1, these

.""oit" províde some support for a fatigue explanatíon for

the vigilance performance of mi1dly mentally retarded

children given thaE memory should be more influenced by

frequency of the signal whereas fatigue should be more

influenced by intensitY.
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CHAPTER 9

MAINTENANCE OF VIGILANCE PERFORMANCE

BY VARIATION OF SIGNAL INTENSITY

9.1 EXPERIMENT 6

The results of the last three experiments índicate

that the vigilance performance of mi1d1y mentally retarded

children can be ímproved by increasing signal intensity

and/or frequency. These changes result in a higher

overall hit score as well as a slower rate of decline in

hít performance. In a¿¿itiorr, sígnal intensity was found

to be the more important of the two task characteristics

in determining both overall hit rate and rate of decline.

The results found that the sensitivity decrement

associated wíth the declíne in detection efficíency in

Experiment 1 \^tas completely arrested in the task with a

signal set well above threshold level but not in the task

with a low intensity signal which occurred frequently.

overall the results provided some support for the fatígue

theory. However, the more intense signals used in

Experiment 4 might have also placed less demand on memory

since the signal intensíty r,i/as set well above the

threshold level of subjects. Moreover, it might be

possible that more "powerful" signals consolidate the

memory trace for signals. Further consideratíon therefore

needs to be given to the two theories.

The fatigue theory suggests that eíther the nerve
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cells concerned wíth performance become insensitive

through contínued activity or that neural actíviÈy rises

beyond an optimum 1eve1. These suggestions imply that

more powerful signals ate required either to operate the

nerve cells or to maintain the effective strength of the

sígnals. Hence, as fatigue is a progressive process, ít

might be expected that progressívely more powerful signals

would be required to prevent the sensítivity decrement and

maintaín performance.

The memory theory suggests that the memory trace or

store of signals decays or is disrupted over the duration

of the task. Therefore, the sensitívíty decremenÈ would

be expected to be prevented by processes which consolidate

the memory trace for signals.

One method of testing these theories would be to

present subjects with a task ín whích signal íntensíty

could vary according to performance efficiency. If task

performance is related to a faÈígue Process due to the

monitoríng demands of the task and the nerve cells become

insensitive or neural noise 1eve1 ríses then signal

íntensíty would be expected to progressively increase.

However, signal intensity míght be expected to vary

differently if Èhe performance decrement is due to loss of

memory traces. As the task progresses and the memory

trace decays the signal intensity should increase. As the

memory trace for signals is then consolidated by the more

intense signals, perceptual sensítivity should be enhanced

and signal intensity should decrease until the memory

trace agaí-n decays.
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Thus, signal intensity would be expecEed to increase

monotonically across time blocks for the fatigue

explanation. Alternatively, for the memory hypothesis,

signal intensity would be expected to oscillate up and

down around a constafit value as the memory trace decays

and ís then consolidated. However, the averaging of

subject data into time blocks would be expected to obscure

the oscillation. In this wãy, a higher signal intensíty

value overall would be expected in comparíson to the low

intensity value used in previous experiments but intensity

would not be expected to increase steadily across tíme

blocks.

The purpose of this experíment was to further

investigate the possibilities that fatigue or memory are

factors in the vigilance performance of mildly mentally

retarded children. subjects were presented with a task

which \¡¡as an extensíon of the computer controlled

sequential testing (PEST) procedure used in the

díscrimination training task in earlier experiments. The

íntensity of the signal automatically íncreased as

performance fell below a set críterion level, or decreased

íf performance remained consistently above criterion'

If fatigue ís a sígníficant factor in the vigilance

performance of mi1dly mentally retarded children then

signal íntensity should increase monotoníca11y over the

duration of the taèk as the nerve cells become ínsensitive

or as neural noise increases. Alternatively, if memory

load is a signíficant factor then signal intensity should

increase and then oscíllate around a relatively constant
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value across time blocks as the memory trace for the

signal decays and then is consolídated. The signal should

not vary across time for the nonretarded children of

equivalent chronological age since they did not show arry

loss of perceptual sensitivity to the vigilance task in

Experiment 1. If there is a developmental factor

involved, then the nonretarded children of equivalenE

mental age should show símilar performance and change in

signal intensities over time as the mentally reEarded

children.

9.2 METHOD

9.2.1 Subjects

Mentally retarded subjects were 3 male and 7 female

students from special schools whose IQ scores on the

t'lechsler Intelligence Scale for Children ranged from 47 to

67 (mean 59). Ages ranged from 12 years 4 months to L7

years 0 months (mean 15 years 3 months ). The average

mental age of this group was estimated to be 9 years.

Chronological age control subjects were 5 male and 5

female students from a secondary school. Ages ranged from

12 years 11 months to 13 years 11 months (mean 13 years 5

months ) .

Mental age control subjects were 4 male and 6 female

students from a prímary school. Ages ranged from 8 years

4 months to 9 years 0 months (mean 8 years 7 months ).

Nonretarded students were selected whose academic

performance was at least average and thus were assumed to

be at least of average ínte11igence.
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9.2.2 Apparatus and Stimulus Characteristics

The apparatus was the same as that used in the visual

task in each of the five previous experiments. The

círcular red light 3cm. in díameter appeared every 3

seconds for 0.5 second.

The PEST procedure automatically íncreased signal

intensity when performance fel1 below a set criterion of

80% correct or decreased the intensity if performance

remained consistently above that críteríon. Signals and

nonsignals occurred with equal probability in the PEST

procedure in order to determine overall performance so

that sígna1 intensity could be adjusted accordíngly.

Thus, there was more opportunity for a higher Perceritage

of false alarms.

The nonsignal intensity was again set aE l0ft1.

Signal íntensity could vary between 1lft1. and 60ftl.

Each ten-minute block consisted of approximately an equal

number of signals and nonsignals. The number of sígnals

per block ranged from 84 to Ll7 (mean 100) and nonsignals

from 83 to 116 (mean 100). The time between sígnals

varied randomly from 3 seconds Eo 27 seconds.

9.2.3 Procedure

The procedure was the same as that used in the last

experiment except that prior to commencement of the task

it was emphasízed that there would be approximately the

same number of signal and nonsígnal stimulí but that they

would occur randomly. Also, it was explained that the

intensíty of the signal stimulí might change as the task
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progressecl but that they should respond to the "brighter"

of the líghts presented by pressing the button held in the

hand.

Three mentally retarded subjects failed to pass

criterion at the final test level and did not participate

further.

9.3 RESULTS

Figure 9.1 shows the mean percentage of correct

detections (hits) and commission errors (false alarms) for

each of the three subject groups for each successive

ten-minute block. Raw data for subjects in terms of the

ratios of hits-to-signals and false alarms-to-nonsignals

are shown in Appendix 8-6.

9.3.1 Hits

Figure 9.1

children scored

indícates that the nonretarded 13 year old

from the first toat a higher mean rate

and at a consistentthe second block 1eve1 thereafter.

The mentally retarded children scored at a relatively

consistent 1eve1 across time blocks, with only a smal1

decrement in performance. The nonretarded 9 year o1d

chíldren showed a small decrement over blocks similar to

that of the mentalLy retarded group. The nonretarded 13

year old children scored the highest overall hit score

followed by the nonretarded 9 year old children who in

turn scored hígher than the mentally retarded group. A

two-way analysis of variance of Groups by Blocks with

repeated measures on the latter variable found only a
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signifícant interaction between groups and blocks (E =

3.30, 8/108 df, P < 0.01). This result indicates that

groups differed in theír rates of change in hits over time.

The same two planned comparisons as those used in

prevíous experiments \4¡ere included in the analysís to

examine the developmental lag hypothes is . Hence, the

perf ormance of the nonretarded l3 year old children f^ras

compared with those of the mentally retarded children and

nonretarded 9 year old children. Also, the performances

of the las t two groups lriere compared . Resul ts f ound

sígníficant ínteract.ions between grouPs and bLocks both

línearly (F = 15.38, l/108 df, P < 0.01) and quadratically

(F = 4.19, f/108 df, P < 0.05) for the first comparíson

only. Examination of these results in Figure 9 ' 1

indicates that the mentally retarded children and

nonretarded 9 year old children showed similar decrements

across time blocks. However ' these grouPs showed a

greater decline than the nonretarded 13 year old children

who showed an overall increment ín hits.

9.3.2 False Alarms

Figure g.L shows that all groups registered similar

false alarm rates across tíme blocks. The menLally

retarded children and nonretarded 9 year old children

showed a decline in false alarms over tíme blocks whereas

the nonretarded 13 year old chíldren showed no decline.

The mentally retarded subjects regístered the lowest false

alarm rate. The same analysis of variance model as that

used for híts (Groups by Blocks) did not find aîy
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significant main effects or an in[eraction between groups

and blocks. Thus, all grouPs of subjects registered

similar mean overall percentages of false alarms as well

as similar mean numbers of false alarms across time blocks.

9.3.3 Signal Detection Theory Analysis

The variable-íntensity sígna1 used in this experiment

should change in such a way as to maintain subjects'

discriminability over time. Hence, sensítivity and

criterion values were calculated for each subject at each

time block using the same method as that employed in the

previous experiments.

Table 9.1 shows the mean sensitivity and críteríon

values for each subject group at each time block. The

table shows that there was little change in either

sensitivity or cautíon across Eime blocks for the three

subject groups' excePt for a raísed mean criterion value

ín the second block for the mentally retarded chíldren.

This was due to one subject who registered no false alarms

and so dísproportionatelY

that block.

elevated the criterion value for

The same analysís of variance model as that used for

hits and false alarms (Groups by Blocks) did not find any

significant main effects or any interaction between grouPs

and blocks for either sensítivity or criterion values.

Inspection of these results in Table 9.1 indicates that

groups showed similar overall mean sensítivity and

criterion values, and that there \4'as no significant change

in either value across time blocks for the three groups.
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Hence, subjects maintained a constant degree of perceptual

sensítivíty and cautíon over time.

SENS ITIVITY

BLOCK

'GROUP 1 4 MEAN2 3 5
tl

CA
MR
MA

1.70
1 .60
L.77

2.08
1 .65
1 .84

2.02
L .65
t.74

2.08
1 .85
I .86

2. 18
L.7t
L.49

2.07
I .45
L.7t

I

MEAN r.69 r.93 1.Bs 1 .80 t.74 r .80

CRITERION

BLOCK

'GROUP I

0.60
13.11
0.72

0.49
2.69
0 .8s

L.72
2.56
1 .09

MEAN

0. 90
4.42
0.8s

2 3 4 5
tl

CA
MR
MA

0 .88
1.31
0.61

0.83
2.43
0.95

I

MEAN 0. 93 4.81' 1.34 I .40 L.79 2.06

TABLE 9.1 Mean sensitivity and criteríon values for the
nonretarded 13 year old children (Cn'¡' mentally retarded
15 year o1d chíldren (MR) and nonretarded 9 yeat old
children (MA).

9.3.4 Signal lntensity

Figure 9.2 shows the mearì signal intensity for each

successive ten-minute block for each of the three subject

groups. The fígure índicates that signal intensity for

the nonretarded 13 year old children showed little change

across tíme blocks. However, the íntensity increased

markedly for the mentally retarded and nonretarded 9 year

old children. The íntensity for the mentally retarded

children increased the most within the fírst two blocks

and more steadily over the last three. On the other hand'

the intensity for the mental age control grouP increased
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steaclily over each of the time blocks.

The same analysis of variance model as that used ín

prevíous comparisons (Groups by Blocks ) found a

signifícant main effect between groups (I = 10.92, 2/27

df, p < 0.01) and across blocks (F = 13.38, 4/108 df, P <

0.01). There was also a significant interaction between

groups and blocks (F = 3.55,8/108 df, p < 0.01). These

results indicate that groups differed in mean overall

signal intensities and in changes in signal inEensity over

time.

The same planned comparísons found a significant main

effect between groups (F = 18.62, L/27 df, p < 0.01) and a

significant interaction between grouPs and blocks (q =

24.20,1/108 df, P < 0.01) for the first comparison.

Examination of these results in Figure 9.2 indicates that

the mentally retarded chíldren and nonretarded 9 year old

children had a higher mean overall signal intensíty

compared wíth the nonretarded 13 year old children. The

first th'o groups also showed a similar íncrease in signal

intensíty across time blocks to each other. However, the

nonretarded 13 year o1d children showed no change ín

signal intensíty across blocks.

9.4 COMPARISON TO EXPERIMENT 1

9.4.1 Hits

Figure 9.3 shows the mean percentages of correct

detections (tríts) for each successíve ten-minute block for

the three subject groups in Experiment 6 and the

corresponding groups in Experíment 1. The figure shows
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that subject groups in the síxth experiment scored hígher

mean hit scores at each time block and a slower rate of

decline compared with their corresponding groups ín the

first experiment.

A three-way analysis of variance of Groups by

Experiments by Blocks with repeated measures on the last

variable found, in particular, a sígnificant main effect

between experíments (F = 42.72, L/54 df, P < 0.01), and a

significant interaction between experiments and blocks (F

- 17.24, 4/216 df, P < 0.01). These results confirm the

prevíous observatíons from Figure 9.3 that groups in the

síxth experiment obtained a higher overall hit score and

showed a slower rate of decline compared with grouPs in

the fírst experiment.

A separate analysis of variance of Groups by Blocks

with repeated measures on the latter varíab1e compared the

performances of the mentally retarded children in the

sixth experiment and the nonretarded 13 year

in the fírst experiment. Results díd not

old children

signifícant main effect or interaction between grouPs and

blocks. This result indicates that there was no

difference ín either overall hit scores or rates of

decline between the two subject groups.

9.4.2 False Alarms

Figure 9.4 shows the mean percentage of commission

errors (false alarms) for each time block for the three

subject groups in the sixth experíment and the

corresponding groups in the first experíment. The fígure

find eíther a
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shows that each of the subject groups in the sixth

experiment regístered more false alarms than each of the

groups in the first exPeríment.

The same analysis of variance model as that used for

hits (Groups by Experíments by Blocks ) found, ín

particular, a sígnificant main effecE between experíments

(F = 22.60, !/54 ð.f., p < 0.0f ). Thís resulE conf irms the

observation from Fígure 9.4 that more false alarms were

registered on the sixth experíment.

The same separate analysis of variance modeL as that

used for hits (Groups by Blocks) compared the performances

of the mentally retarded children in the síxth experiment

and the nonretarded 13 year old children in the first

experiment and found only a significant main effect

between groups (F = L5.44, l/54 df, P < 0.01)- That ís,

the mentally retarded subjects in- the sixth experíment

registered more false alarms than nonretarded 13 year old

chíldren in the first experiment. There was no dífference

in trends across time blocks.

9.5.2 Signal Detection Theory Analysis

The performance of the mentally retarded children in

Experiment 6 was compared to the nonretarded children of

equivalent chronological age in Experiment 1 to determine

íf there \^Iere similar trends ín sensitívity and caution

across tíme blocks. Table 9.2 shows the mean sensítívity

and criterion values at each time b10ck for the two

subject grouPs.

,i

¡ì

)t

$

Ë

i¡

r66



SENS ITIVITY
I
¡ì

,{

tr
GROUP

BLOCK
1 2 3 4 5 MEAN

tl

Exp
ExP

CA
MR

1
6

2.30
1.60

3 .5s
1 .85

3 .09
1 .65

2.97
I.7L

3.10
1 .45

3 .00
I .65

CRITERION

BLOCK
GROUP 1 2 3 4 5 MEAN

CA: Exp 1

MR:Exp 6
r.59
1.31

' 2.L8
'13. 11

2.45
2.69

' 13 .88, 2.56
4.97
4.42

4.73
2.43

TABLE 9.2 Mean sensitívíty and criterion values for the
nonretarded 13 year o1d children in Experiment I (CA:exp
I ) and mentally retarded 15 year o1d children in
Experiment 6 (un:uxp 6).

The same analysis of varíance model as used earlier

for híts and false alarms (Groups by Blocks) found only a

signíficant main effect between grouPs for sensitivity (q

= 27.58, L/54 df, p < 0.01) and only a significant

ínteractíon between groups and blocks for criterion (q =

8.40, L/2I6 df., p < 0.01). Inspectíon of these results in

Table 9.2 indicates that the mentally retarded children in

Experiment 6 showed a lower mean overall sensitivity value

and a slower increment ín caution over time compared wíth

the nonretarded children in Experiment 1. In additíon'

both groups showed símilar overall mean criterion values

and símilar trends in sensitivity over time to each

other. Hence, the mentally retarded children in

Experiment 6 were less able to discriminate overall and

remaíned less cautious over the duration of the task

compared to the nonretarded children in Experiment 1.
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9.5 COMPARISON TO EXPERIMENTS 3, 4 AND 5

Figure 9.5 shows the mearl percentage of correct

detections (nits) and commission errors (false alarms) for

each successive ten-minute block for the mentally retarded

children from Experiments 3' 4, 5 and 6.

9.5.1 Hits

Figure 9.5 shows that the retarded children ín

Experíment 6 had a mean hit rate on the first block

similar to the retarded children in Experiment 5 (low

intensity, hígh frequency signal). Their performance over

successive time blocks remaíned relatíve1y consistent

compared with the performance of the children in the three

other experiments. There aPPears to be no difference

between their mean hit rate on the last t\"/o time blocks

and those of the children in Experiments 3 and 4, both

involvíng high íntensity sígnals. The more consístent

performance shown by the mentally retarded children in

Experiment 6 reflects the effects of the PEST procedure

which maintained performance arouftd the 80% accuracy level.

9.5.2 False Alarms

Figure 9.5 shows that the retarded children in

Experiment 6 registered símilar mean percentages of false

alarms across time blocks as the chíldren in Experiment

3. Signals and nonsígnals occurred with approxímately

equal probabilíty in Experíment 6 so that the PEST

procedure could determíne overall performance and adjust

Èhe signal intensity accordíngly. Thus there was more
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opportunity for a higher percentage of false alarms in

Experiment 6. Sími1arLy, signals and nonsignals occurred

wíth equal probability in Experiment 3 and sígnal

intensity was also well above threshold leve1.

9.6 DTSCUSSION

The purpose of this experiment was to further

investigate the possible influences of fatigue and memory

load on the vígilance performance of mildly mentally

retarded children. Subjects h¡ere presented with a task in

whích the intensity of the signal stimuLus altered

according to level of performance. The signal intensíty

automatícally increased if performance fe11 below the set

criterion of 80% and decreased if performance was

consistently higher than that criterion.

The mentally retarded children and nonretarded 9 year

old children showed similar hit rates across time blocks-

Iloweverr both groups showed a greater rate of decline

compared wíth the nonretarded 13 year old children who

showed no decline ín performance. All groups registered

similar numbers of false alarms.

ülhilst there were differences between the three

groups ín this experiment in terms of their detection

performances, all three grouPs showed significantly higher

overall and sustaíned detectíon effíciency compared wíth

the equivalent groups ín Experiment I who monitored the

low frequency and low intensity signal. However, each

subject group in thís experiment registered greater

numbers of false alarms compared with their counterparts
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in Experiment L. The mentally retarded children ín

Experiment 6 showed similar overall detection performance

and rate of decline as the nonretarded children of

equivalent chronological age in Experiment 1. Also, there

was no dífference in the rates of decline ín the mean

percentages of false alarms across time blocks although

the retarded children showed a higher mean overall score.

The difference in overall false alarm Percentages could be

attributed to the hígher frequency of the signal stimulus

in this experiment. The higher frequency was required to

determine overall performance level in order to adjust the

signal as part of the computer controlled task. If the

signal íntensity could be adjusted using a low frequency

sígna1 then the false alarm rates might be expected to be

simílar to the rates shown by the nonretarded 13 year old

children in Experíment 1.

ü'lhen compared to the results of the retarded children

in the three previous experiments, the retarded chíldren

in this experiment showed more consistent hit rate

performance over tíme blocks due to the PEST procedure

maintaining performance around a set leve1 of 80%

accuracy. Similar percentages of false alarms were

registered at each time block by the retarded subjects in

this experiment and the retarded subjects who monitored

the high frequency and hígh intensity sígna1 stimulus

(Experiment 3). There were more opportuníties ín both

these experíments for higher percentages of false alarms

sínce sígnals and nonsignals occurred with at least

approxímately equal probabílíty in each of the

I
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experíments. Similarly, signal intensity rose further

above threshold 1eve1 as performance declined for the

retarded children in Experiment 6 and so was similar to

the sígnal intensity used in Experiment 3 which was set at

well above threshold leve1.

Overa11, these resulÈs indicate thaE mildly mentally

retarded children can maintaín their vigilance performance

at a higher level when the intensity of the signal

stimulus increases or decreases accordíng to their

performance as the Eask progresses. Given this condition'

mildly mentally retarded children show no difference in

either their absolute detection performance or rate of

decline compared with nonretarded children of símí1ar

chronologíca1 age monitoring a sígnal stimulus which

remains at a 1ow intensity and low probabilíty for the

duration of the task.

The average signal intensity íncreased sígnificantly

and monotonically over successive time blocks for both the

mentally retarded children and nonretarded children of

equivalent mental age. 0n the other hand, the average

signal íntensity díd not vary over time for the

nonretarded children of similar chronological age. The

results of the signal detection analysis índicated that

each of the groups maintained their relative degree of

perceptual sensitivíty across time blocks. However, the

nonretarded 13 year o1d children became more cautious over

the duration of the task whereas the other two groups did

not change their degree of caution over the watch.

Gíven the memory hypothesis, it Y¡as predicted that
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signal intensity would increase from its ínitíal 1eve1 as

the memory trace decayed and then decrease agaín as the

trace $/as consolidated. Thus, the intensity would

oscíllate around a relatively constant value and, with the

averaging of subject data inÈo time blocks, the overall

result would be an elevated but relaÈively consÈant signal

íntensity across tíme blocks. Alternatívely, the fatigue

hypothesis predicted that progressively more powerful

signals would be requíred either to continue to oPerate

the nerve cells as they became unresponsive or to maintain

the effective strength of sígnals as neural activíty

rose. Thus, this hypothesis predicted that signal

intensity would increase monotonically across tíme

blocks. Therefore, taken together, the results of this

experiment support the fatigue, rather than the memory

explanatíon for the greater declíne ín detection

performance demonstrated by the mildly mentall-y retarded

children and the nonretarded children of equivalent mental

age in Experiment 1.
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CHAPTER 1O

CONCLUSIONS AND IMPLICATIONS

The vígílance task provides a method for studying the

possibilities that mentally retarded people suffer from

attentional deficits, are abnormally distractibLe or ate

more suited to simple, monotonous tasks than nonretarded

persons. However, only a few studies have specifically

investigated Ehe vigilance performance of mentally

retarded people. t¡lhilst iniLial studíes had obtained

apparently conflictíng results, the overall findings

suggested that mental age might be a primary determinant

of the performance of mentally retarded people. In

addition, each of the studies found that the mentally

retarded persons were not better monitors than nonretarded

persons of equivalent chronological age and so failed to

support the "du1l minds for dul1 jobs" dictum. The

purpose of this thesis was to investigate t,he vígílance

performance of mildly mentally retarded people in terms of

both the attentional deficit and developmental Iag

hypotheses.

10.1 DULL MINDS FOR DULL JOBS

The results of prevíous studíes cornparing the

vígilance performance of mentally retarded people with

nonretarded people failed to suPPort the "dul1 mínds for

dull jobs" dictum. The results of each of the experiments

t74



in thís Ehesis also failed to support the díctum. Both

mentally retarded adults and children did not outperform

their nonretarded counterparts of equivalent chronological

age under any of the experímental condítions. In fact,

the results suggest that mentally retarded children

perform less well ín du11, monotonous conditions than

nonretarded children of similar chronological age.

10.2 DEVELOPMENTAL PROCESSES AND ATTENTIONAL
DEFICITS

The tr¡/o interpretations for differences in cognitive

performances between mentally retarded and nonretarded

persons vùere outlined ín Chapter 1. One view considers

that mentally retarded persons have physiological defects

whilst the other views mentally retarded Persons as having

a sloh¡er rate of cognitive development. The former

interpretation implies a permanent defect (Krupski, 1980;

Stanovich, I978) whilst the latter implies that retarded

persons perform similarly to nonretarded Persons of

equivalent mental age.

The results of Experíment 1 supported the

developmental lag hypothesis in that both the mentally

retarded adults and children showed similar rates of

decline in vigilance performance to nonretarded subjects

of relatívely equivalent mental age. The results also

found that mentally retarded people develop the ability to

maintain performance over time to the same relative

degree, that ís, both similar overall hit rates and rates

of decline in performance' as nonretarded people by about

the age of 17 years. The only dífference obtained was ín
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terms of sensitívíty due to the mentally retarded adults

making more false alarms. 0vera11 these results indicate

that both mentally retarded and nonretarded people improve

their abilíty to maintain vigilance performance with

increasing chronologícal age. However, there is a slower

rate of development wíth the mentally retarded persorls.

Thus, these resulÈs also failed to support an aEtentional

deficit hypothesis.

10.3 FATIGUE AND THE DEVELOPMENTAL LAG

The finding of a slower rate of development in the

vigilance performance of mildly mentally retarded people

raised the further question of the nature of the 1ag. A

signal detection theory analysis, which had not been used

in any of the previous experiments, found that the faster

rate of decline in detection efficiency shown by the

mentally retarded children and nonretarded children of

equivalent mental age in Experiment 1 corresponded with a

sensitivity decrement with 1itt1e change in criterion.

Subsequent experiments in the thesis considered possible

explanations for the faster decline ín hit rates and

corresponding sensitivity decrements. Results supported

the hypothesis that the developmental Process is concerned

with a fatigue effect, that is, an increasing ability to

avoid becoming fatigued.

10.3.1 Explanation of Fatigue

I¡lelf ord (L97 6 ) ref erred to two explanations f or

fatigue. The first considers that the nerve cells
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concerned with the task performance become unresponsive or

ínsensitíve through continued activity. The other

considers fatigue as the effect of overarousal due to

neural activity, either local or general, rísing beyond an

optimum 1evel.

I¡lelford suggested that in terms of sígnal deEectíon

theory d'and ß would be expected to vary in different

ways in relation to each of the two explanations.

"Local neural failure would be expected to reduce d',

whereas overarousal would be expected to lower ß.

Moderate overarousal would leave d' 1itt1e changed'

but if overarousal was so intense that cells in the

cortex were not merely sensitized but actually fíred'

the increased noíse that would result might lower d'

as well as ß." (p.145)

Furthermore, ülelford referred to an ínterpretatíon by

Mackworth and Taylor (1963) ttrat impaírment is associated

with a reduction in d' with no alteration ín ß.

The results for the mentally retarded L4 year o1d

children and nonretarded children of similar mental age ín

Experiment 1 of this thesis are consistent wíth the

ímpaírment rather than the overarousal hypothesis because

there was a fal1 in d'and no change in ß. Thís

corresponds to a s1owly decreasing noise (N) distribution

and a more rapidly decreasing signal plus noise (S + N)

dístributíon since there was a relatívely rapíd declíne in

hít rate over tíme combined wíth a smal1 decrement in
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false alarms for these subjects. However, for the

nonretarded adults, mentally retarded adults and

nonretarded 13 year old children' ß increased and d'

remained relatívely unchanged, and [here was a sma1l

decrement in both hiÈs and false alarms over time except

for the retarded adults who showed a sma1l increment in

false alarms. These findings are generally consistent

with slowly decreasing N and S + N distributions.

Thus, these results suggest Ehat the monotonous

conditions of the vigí1ance task might lead to a fall in

arousal for each of the subject groups. However, with

increasing age, neural networks are developed and

strengthened so that fatigue can be resisted. These

networks must be developed sufficiently to avoíd fatigue

by about age 13 years for nonretarded Persons but take

longer to develop in mentally retarded persons and are

only suffíciently developed by about the age of 17 years.

The two f atíguíng Processes ref erred to by l'lelf ord

(1976) would presumably aPPly not only to n'eurons which

activate task actívity but also to those whích inhibít

other activity. Given that the results of this thesis

support a developmental process, there must be progressive

changes in cognitíve and perceptual mechanisms which

enable people to avoíd becoming fatigued due to neural

impaírment on these tasks. Mentally retarded persons seem

to be slower ín developing these mechanisms.

It is interestíng to consíder three attentional

theoríes that have been Put forward to account for

possible processes involved in perceptual and cognitive
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development. Bindra (1976), Hebb (1949, 1976) and Neisser

(I976) propose similar theories, each of whích Proposes

that neural representations of percePtual experiences

develop over Eime. The developing neural representations

are assumed to influence the quality of perception and the

efficiency of perceptual and logical strategies which

guide attentíonal processes. Each of the theories

símilarly suggests that interactions with the environment

progressively refine and elaborate the neural

representations which in turn make perceptions more

meaníngful and effective.

Given these theories, ãnY obstacles to the

establishment of the neural rePresentations míght be

expected to effect perceptual and cognitive development.

Hebb (1976) has suggested that minímal brain damage could

result in a loss of ínhibitory neurons due to toxins or

lack of nutritíon such as anoxía, and as a result the

"ce11 assemblíes" (neural representations ) remain actíve

after their functíon in a partícular activity has been

completed. Hence, perception and other cognitive

processes would not be able to maintain selectivity or

"concentration on one topíc". Bindra (L976 ) also

considered that the development of "contingency

organizations" (neural representations) are dependent on

ínhibitory processes . Furthermore, it \^¡as suggested that

these inhibitory processes mature slowly and only become

effective "late in the maturational period".

Hebb (L976) further suggested that the ability to

maíntain attention on a particular task not only depends
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on the development of these ce11 assemblies but also on

the subsequent recruitment of associatíve connections. In

this wãy, a set of mental actívítíes is able to be

maintained despite noise from irrelevant stímulation and

spontaneous noise from other netrrons in the brain, "not by

inhibiting other actívityr but by co-opÈing and imposing

its ornrn order widely throughout the brain" (p. 3f3 ) .

However, once an activity has been inítiated, the

effícient completion of the requíred sequence of events

depends on the inhibition of the activity in each part of

the sequence after its completíon. 0therwise, continued

activíty of preceding parts of the sequence would disrupt

efficíent functioníng of subsequent parts and hence of Ehe

total task. Hebb further suggested that children with

minimal brain damage have fewer inhíbitory neurons and are

therefore less able to switch off an activíty at the

appropriate tíme. Thus, they are less able to maíntain

selectivity or concentration on a topíc.

The development of the ability to maintain attenÈíon

on an actívity is therefore hypothesízed to involve tlÍo

stages, first the development of neural representations

and second the recruitment of other neurons into the

activíty. In these sorts of terms, it might be possible

that mentally retarded chíldren have fewer inhibitory

neurons and are therefore slower to develop both these

higher-order cel1 assemblies and, ín particular, the

abílíty to recruit other actívitíes. The lack of

inhibitory neurons would also mean an inherently noisy

system with noíse from irrelevant sensory systems as well
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as from other neural actívities. Thus, sensitivity míght

be expected to develop even more slow1y than the ability

to sustain control and concentratíon. The results of the

sígnal detection theory analysis in Experiment L found

that the mentally retarded adults showed a lower mean

overall sensitivity value compared with nonretarded

subjects of both símílar chronological and mental ages.

This result indicates that the mentally retarded adults

had greater overall difficulty with díscrimination and

thís míght suggest a slower development in sensitivity

compared with abilíty to maintain attention over time-

Fina1ly, in terms of these theoríes, the development

of these neural mechanísms could however equally account

for the Lwo explanations for mental fatigue suggested by

tlelford (I976). As suggested to explain the results in

Experiment 1, the nerve ce11s concerned with the Eask

performance could become insensitive through contínued

activity as other cel1s cannot be recruíted to relieve the

fatiguing cel1s. Alternatively, the lack of neural

connectíons would mean that order could not be spread and

maintaíned throughout the braín and so neural noise would

íncrease through irrelevant sensory stimulation and

spontaneous actívity in other neurons.

10.4 ALTERNATIVE EXPLANATIONS

I¡lhilst the results of this thesis support a fatigue

explanation, other theories were also consídered.
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10.4.1 Distraction

It r^¡as noted in Chapter 1 that some ínvestigators

have consídered mentally retarded persons to be abnormally

distractible (Brown and Clarke , L963; 0'Connor and

Hermelin, L97I; Sen and Clarke' 1968). A1so, the results

of an investígation by Jones (1972) províded some support

for a distraction explanation for the vigilance

performance of mentally retarded persons. In addition'

Fuller (1975) reported that mentally retarded 11 year olcl

children demonstrated greater task-írrelevant behaviour

duríng a vigilance task compared with nonretarded children

of equívalent chronological age. These behavíours

ínvolved hand clapping' wriggling and other body movements.

Experiment 1 in this thesis also investigated the

possibility of peripheral inattention to the stimulus

source amongst the mentally retarded subjects. The

results díd not support the distraction hypothesis.

HoweVer, extraneous stímulatíon was extensively reduced in

Experiment 1 with the room being relatively bare and

darkened. Thus the opportunity to become distracted by

extraneous environmental stimulation was mínímized.

Nevertheless, a feature of both the mentally retarded 14

year old children and nonretarded children of equívalent

mental age was the occurrence of periods of multiple

responding, that is, respondíng to several successive

stimulí, as well as audibly restless behavíour involving

intermíttent loud sighing or calling out. The former

behaviour might have been due to a strategy whích

attempted to maintain arousal and hence attention. That
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is, as the task progressed and concentratíon waned, the

subjects míght have pushed the button for successive

stimuli ín order to increase theír arousal and so perform

more satisfactorily. This is similar to the suggestion by

I¡lelford (1976) that overactivity might be explained by the

possibility that, as performance declines' subjects make

compensatory increases of effort to offset losses due to

fatigue. However, this explanation would imply increases

ín ß and no change in d' , whereas only decreases in d'

were found for the mentally retarded children and

nonretarded children of equivalent mental age in

Experíment 1.

Alternatively, both the multiple responding and

restless behaviour might be indícatíve of an overarousal

ef f ect. I,rielf ord (L976 ) suggested that increased neural

noise with short periods of intense neural activity would

result ín brief períods during which unwanted responses

might be promoted. Thus, the multiple responding might

occur during these periods of íntense rreural actívity.

I¡ie1f ord also suggested that observations of irritability

and díffículty in relaxíng following demanding mental

activity support an overarousal theory. The restless

behavíour noted míght also be the result of an overarousal

effect. However, such an explanation would imply

decreases in ß and d' , whereas only decreases ín dt were

found for the mentally retarded chíldren and nonretarded

chíldren of equivalent mental age in Experíment 1.
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1 0.4.2 Attention Strategy

The possibílity that the developmental Lag in the

vigilance performance of mildly mentally retarded people

ís concerned with the ability to predíct when inspection

of the signal source is required r^/as considered in

Experíment 2. I^lelford (L976) postulated that one skil1

which reduces susceptibility to, or avoids the adverse

effects of fatígue is the ability to predict the

occurrence of events which enables the efficient

deployment of attention. Subsequently, vígí1ance

performance would be expected to ímprove since attentíon

would be concentrated at appropriate times and posítions.

Vísual and auditory tasks with continuous stimulus

sources were used wíth mentally retarded adults and

nonretarded adults to test the attentíon strategy

hypothesis. As subjects were more "closely couPled" to

the stimulus source in the auditory task (through

earphones) compared with the vísua1 task, it was predicted

that the auditory task would be relatively easier and the

visual task relatively harder compared with tasks using

discrete stimuli. Results indicated that the mentally

retarded adults were rio more dependent on being able to

predict when inspection of the stímulus source is required

than nonretarded adults. In fact, the subjects monitoring

the continuous task in Experíment 2 scored at a hígher

overall hit rate on both visual and auditory modes

compared wíth theír counterparts in Experiment I 'who

monitored the discrete sti¡nulus source. Coupled wíth the

finding that subjects in Experíment 2 regístered few false
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alarms or both modes, Ehis latter result implies that the

contínuous t.ask was relatively easier than the discrete

task for both visual and audítory modes.

Gíven that the auditory task was found to be

relatively easíer than the visual task in Experiment l, a

different traíníng method was used in Experiment 2 (a

computer controlled sequential testing procedure), in an

attempt to more effectívely equate the degree of

difficulty of the two tasks. In this method' signal

intensity was automatically raised or lowered as response

accuracy varied until the lowest leve1 at whích each

subject could discrímínate sígnals from the background

stimulus to at least 80% accuracy r,tras established. It is

possible that this method v/as more effective than the

trainíng procedure used in Experíment 1 in which the

signal intensity \das progressively lowered until

discrimínatíon was achieved at the same Predetermíned

level for each subject. Thus, the different traíning

method might have been a determinant of the improved

performance in Experiment 2.

10.4.3 Poor Motivation and Willingness to Attend

There was some evidence to support the possibility

that motivation could be an ímportant factor in the

vigilance performance of míldly mentally retarded people

(Locke et a1. , 1982). Hence, Experiment 3 tested the

possíbility that mentally retarded children are slower

than nonretarded children to develop a willíngness to

attend to the task. Subjects Yrere presented wíth a
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relatively easy task ín which there vr'ere as many signals

as nonsígnals and sígnal intensity was set at well above

threshold 1eve1.

Results indícated that willingness to continue to

attend might be a factor, although not a major factor, in

the performance of mentally retarded children. The

mentally retarded children showed a faster rate of decline

in hit rate compared to the nonretarded children of both

equívalent chronological and mental âB€, although their

hit rate performance was similar to that of the

nonretarded children of equivalent chronologicaL age in

Experiment l. A1so, both the mentally retarded children

and the nonretarded children of equivalent menÈal age

showed similar increments in false alarms over the

duration of the task. One possible explanatíon is that

both of these groups of subjects became confused about

which stimulus to respond to as the task progressed, with

the mentally retarded children becoming relatively more

confused. AlternaEively, the high rate, of responding

might have been fatiguing in a sími1ar manner as physical

activity which has been shown to be associated with a

sensitivity decrement. Thís possibility is supported by

the finding of a sensitivity decrement for the mentally

retarded 14 year old children and nonretarded children of

equivalent mental age.

10.4.4 Memory

Memory has been suggested as an important factor in

vígilance performance and has been proposed to account for
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Ehe sensitivíty decrement found in successive-

discrimination tasks wíth a high event rate. However, the

results of both Experiment 5 and 6 failed to support a

memory explanation of the greater decline in performance

of mentally retarded people. In Experíment 5, ít was

predicted that a high signal probability would help to

offset any loss of the memory trace for the sígnal and so

reduce or avoíd any loss of sensitivity. However, while

performance improved compared with the corresponding

results in Experiment 1, mentally retarded children showed

a faster decline in hits Èhan nonretarded children of both

similar chronological and simílar mental age. Experiment

6 used a signal which automatíca1ly varíed in intensity

according to the performance of the subject, that ís,

íncreased if performance fell and decreased íf performance

remained al a high 1eve1. It was predicted that the

intensity would change in a wave-like fashíon as the

memory trace decayed and was then consolidated and would

thus oscillate around a relatively constant value. The

overall result, due to the averaging of subject data, was

expected to be an elevated but approxímately constant

signal intensity across time blocks. However' mean signal

intensity was found to íncrease monotonically across time

blocks whích was consistent with the fatígue explanation.

I¡le1f ord , (L976 ) has proposed that a breakdown of

short-term retention can occur as a result of fatigue. A

study by l¡lelford, Brown and Gabb (1950) was cited to

support thís proposal. Radio officers $¡ere tested on an

electrical problem-solvíng task before and after
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i-nternational flights. Results indicated that the

officers forgot information and took longer to solve the

problem after a flight compared with before a flight.

Also, Kahneman (L973 ) has proposed a theory of

attention and effort, ín which effort is activated

according to task demands. Time pressure is assumecl to be

a significant deEerminanE of effort. Tasks which impose

extreme time pressure are assumed to ímpose a high load on

short-term memory. Davies and Parasuraman (L982) have

suggested that increasing event rate also increases time

pressure and thus, according to Kahneman's theory, a

greater load is placed on memory. It ís possible that

tasks which are fatiguing require greaLer effort in order

to sustain performance and thus the effort theory could be

dírectly related to the fatígue hypothesis.

10.5 IMPLICATIONS FOR FURTHER RESEARCH
AND TRAINING

The overall results of thís thesis suggest that the

early differences in vigilance performance between míldly

mentally retarded children and nonretarded children are

due to a slower rate of development of abílity to avoid

fatigue. A number of ínvestigatíons could further

investigate this hypothesis.

A sensítivity decrement is usually associated with

successive-díscriminatíon tasks wíth high event rates

(greater than 24 events per minute) wíth adult subjects.

However, in thís thesís a sensitívíty decrement was found

for mentally retarded children wíth a successive-

discrímination task with a low event rate. A study
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designed to test the vigilance performance of mildly

mentally retarded children using tasks with even lower

event rates could ínvesÈigate the generaliLy of the

fatígue phenomenon. Welford (L976) has suggested that one

skill whích avoids fatigue is the pacíng of performance.

A lower event rate might a11ow the progressíve Local

neural failure to recover. If sor sensitivit.y should not

decline or declíne less over the duratíon of the task and

the vigilance decrement would not be expected to be as

pronounced compared wíth performance on tasks using higher

event raEes.

Each of the mentally retarded subject grouPs in

Experiment 1 demonstrated more overall false alarms

compared with nonretarded subjects of similar

chronological age. Studies concerned with the vigilance

performance of learning disabled children who are

hyperactive have found that sustained attention capacity

is lower and impulsivity hígher for these children (Davies

and Parasuraman, 1982). These results have been

interpreted as supporting the hypothesis that false alarm

rate is positively related to impulsivity (Anderson et

a1. , 1973, 1974i Doyle et ãL. , L976). Thus , another

possíbility ís that mentally retarded children mighÈ be

more impulsíve and less able to control or inhibit

irrelevant sensory stimulatíon and spontaneous neural

activíty. Given that the vigilance task is "a situation

where nothing much is happening" (Moray , L969), mentally

retarded children might fínd it difficult not to respond

to the nonsignal stimulus events. A study in which
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subjects couLd respond to each stimulus event, such as

pushing a button on their right for occurrences of sígnals

and a button ori the left for nonsígnals, might test Ehis

possibility. A series of low event rate Easks could be

used to determine whether consístent responding is also

fatiguing.

hlelford (L976) has suggested that prolonged practice

could reduce susceptíbility to fatigue. hlhilst a1l

subjects who participated in the experiments reported ín

this thesis were trained to equivalent criterion levels,

the mentally retarded children required more trials to

reach criterion than the nonretarded subjects of

equivalent chronological age. This suggests that the

retarded chíldren have more difficulty both learning and

understanding the task and therefore might benefit from

even more prolonged training.

The mentally retarded subjects ín all but two

(Experiments 4 and 6) of the experiments in thís thesís

tended to register more false alarms compared with theír

nonretarded counterparts, although a significant mean

overall dif f erence \¡/as only f ound in Experiment 1. This

tendency might be explained in a number of ways aPart from

the impulsivíty possibility mentíoned above. First' the

retarded subjects might have been responding more to keep

up their arousal and so theír performance. Ilowever' as

already díscussed earlier in thís chapter (Section

10.4.1 ) , the results of the Signal Detectíon Theory

analysis did not suPPort this possibílity. Second, there

might have been some confusion about which stímulus
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required the response. Thírd, lower perceptual

sensitívity on the part of the retarded subjects would

result in more false alarms. Fourth, the mentally

retarded subjects might have had the expectatíon that

there were going to be many more signals than in fact was

the case. This possíbility could be tested by providing

more extensive training wíth signal/nonsígnal ratios which

h/ere more simílar or the same as that used in the task,

and/or by providing feedback on both correct and incorrect

responses during the task.

The overall results of the experiments in this thesis

indicate that mentally retarded persons develop the

ability to sustain vígilance performance over time to a

level similar to that of nonretarded persons by about the

age of 17 years. However' the finding in Experíment 1

that each of the mentally retarded grouPs of subjects

showed lower overall discríminability compared with

nonretarded subjects of both simílar chronological and

mental age suggests that they might develop sensitivity at

an even slower rate. A further study using older mentally

retarded adults, for example of 30 years of â8e, could

determíne if díscrimínability contínues to improve wíth

age and. ultimately reaches a leve1 simílar to that of

nonretarded persons.

Two different pre-task training methods were used in

different experiments in thís thesis. One method involved

trainíng subjects to díscrimínate sígnals from nonsignals

aE orie predetermíned intensity level. The other, a

computer controlled sequential testing (PEST) Procedure'
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determined the lowest 1eve1 at which each subject could

discrimínate signals from nonsignals. A number of

subjects failed to reach críterion at the fínal test level

using the former training method and therefore díd not

participate in the particular test sessiotls. However, all

subjects completed training using the PEST procedure.

Therefore, the PEST procedure míght be useful in future

experiments for equating the level of difficulty for each

subject. In this waY' there might be less dropout of

subjects which could otherwíse leave only "better

performers" ín the study.

The PEST procedure might also provide the opportunity

to further test the previous suggestion that

discriminabilíty, as measured by d', is slower to develop

in mentally retarded persons. The lowest level at whích

subjects could discríminate signals from nonsignals could

be determined usíng the PEST procedure wíth the same task

and subject groups employed in Experiment 1. In this waY,

the lowest intensity 1eve1s at which signals could be

discriminated from nonsignals for the mentally retarded

children and adults could be compared with those for

nonretarded persons of equivalent chronological and mental

ages. The hypothesis would predict that the intensity

levels for the mentally retarded Persons would be the same

as those for nonretarded persons of similar mental â8e,

but lower than those of nonretarded Persons of similar

chronologícal age.

There seems to be some confusion in the líterature

about how differences in performance between mentally
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retarded and nonretarded persons should be measured. Some

studies have only measured hits and not false alarms

although both measures may be necessary to accurately

compare differences in díscriminability. In addition'

some studies have only measured overall performance and

not rate of decline over tíme. Differences in overall

performance may only reflect differences in

díscríminability whereas dífferences in rates of decline

are indicative of differences ín rates of loss of

vigilance or sustained attention. Thus, in aûy further

investigations, both hits and false alarms should be

measured and a distinction should be made between overall

performances and rates of decline.

Since the experíments in this thesis suggest that the

capacity of mentally retarded persons to sustain attention

does not reach that of nonretarded Persons untí1 about 17

years of ager this míght imply that learning requiring

sustained attentíon might only be reaching its maximum

level ín mentally retarded persons when they are about to

leave high school. If this was so r there might be

benefits in providing tertiary educatíon for mentally

retarded persons, partícularly in adaptive behaviour

skills r so that education is available when theír

sustained attention has reached its maximum 1eve1.

A1so, the question aríses as to whether the

development of the abílity of mentally retarded Persons to

avoid fatigue and maíntaín vígilance performance can be

accelerated and so the extent of the delay in comparison

to nonretarded persons reduced. If the extensive neural
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fiet\,rrorks which are required Èo resist fatigue are built up

through repeated or3arrízed activities' this would suggest

that mentally retarded children might benefit from

repeated exposure to organized, activities, as opposed to

less structured actívities, in primary and secondary

education. In this wâY, the neural neÈworks which

underlie performance on tasks requiring sustained

attention might be built up more quickLy. An

investigation designed to measure the vígilance

performance of children of similar IQ 1eve1s who have

received education involving more structured activitíes

versus those who have received less structured activities

could provide some indication of the valídity of this

hypothesís.

None of the five previous investigations into the

vigilance performance of mentally retarded persons used

signal detection theory methods to analyse their data. A

number of criticisms have been Put fot*..å when

consideríng the applícatíon of signal detection theory to

vígilance. These critícisms centre around the possibility

that certain assumptíons are not met, such as the

requírement of equal variances for both sígnal and sígnal

plus noise dístributions and the use of an invariable

decísion rule by subjects, as well as the appropríateness

of parameters like d' and ß for describing performance

(Davies and Parasuraman, 1982). In addítion' signal

detection theory analysís depends on the majority of the

number of híts being less than maximum and false alarms

being more than zero) otherwíse unrealistic values of d'
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and ß' are obEained. However, Davies and Parasuraman

(1982) proposed that the approach does "provide a basis

for a more complete understanding of the Processes

underlying vigí1ance behavíour, and a better technique for

analysis of performance than the "tradítional" vigilance

performance" (p.59). Símilarly, whilst some aspects of

signal detection theory might not have been entirely met

in the studíes in this thesis, the analysís did províde

ínformation on sensítivity and criterion which vlas

useful. Thus, it would be seem beneficial to employ the

sígnal deEection theory approach, where possible, in

future investígatíons into the vigilance performance of

mentally retarded persons.
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85
70
99
86
99
86
95
69

FAISE ALARMS

VISUAL TASK

TIME BLOCKS

S

1
2
3
4
5
6
7
8
9

10

21 3 4 5

6
t2
22
L9

3
6
4
6

24
L2

62
23
11
11

1
1

5
9

37
2I

50
20
16
l2

5
5
2
9

24
24

37
19

9
9
6
4
3

10
34
23

19
20
18

5
7
6
9
6

40
26

2L1:



APPENDIX B - 4

RAW DATA FOR EXPERIMENT 4

NONRETARDED 13 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS

S 5I 2 3 4

7
9

10
6
9
9
7

1

2
3
4
5
6
7

8
9

10

9
10
10
10

9
10
10

9
10
10

10
10
10

9
7

10
7
9

10
10

5
8
7

9
10
10

10
9

10
8

10
10

7

7
8
7

6
10

9
9
6
9
9

FALSE AIARI4S

VISUAT TASK

TIME BLOCKS

S :: 1

-__: :
1 :: 5
2 z', 4
3 :: 0
4 ¿z 1

5 :: 0
6 zz 30
7 zz 1
8 :: 8
9 :t 5

10 :: 0

2 3 4 5

0
13

0
0
0
5
0
0
0
0

0
15

0
0
0

14
0
0
0
0

0
9
0
0
1
1
0
1
0
0

2

1
10

0
0
0

L6
0
2
1
1

l

I

2L2



APPENDIX B - 4

RAW OATA FOR EXPERIMENT 4

RETARDED 15 YEAR OLD SUBJECTS

HITS

VISUAI TASK

TIME BLOCKS

S :: 1 : 2 3 4 5

1

2
3
4
5
6
7

8
9

10

10
l0

9
9
6

8
9
9
8
2
0
0
9
8
0

5
5
9
9
5
9
9
6
9

10

7
9
9

10
3

10
9
9
8

10

6
2

10
10

3
9

10
7
9

10

10
10
10
10
10

1

I

I

FALSE ALARMS

VISUAL TASK

TIME BLOCKS

S: 1: 2 3 4 5

1
2
3
4
5
6
7
8
9

10

2
0

18
2
4

L2
2
9
0

47

0
0

13
5
0
9

11
7
0

26

0
5
2
6
0

16
13

1
0

30
2
9

L7
L4
I

4L
I
5

L9
15
20
28
L6

0
50

I2
L6

0
382 25

2L3



APPENDIX B - 4

RAW DATA FOR EXPERIMENT 4

NONRETARDED 9 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS

S 1 2 3 4 5

1

2
3
4
5
6
7
8
9
0

10
8
9

10
10
10
10
10
10

9

10
6

l0
10
10

9
4

10
10
10

7
10
10
l0
10

10
4
6
8
9
I

1 0
9
9
7
0
8
9
0
7

I

1

1

1

9
9

10
9
I

10
10

6
9

FALSE ALAR.MS

VISUAL TASK

TIME BLOCKS

S:
---: : -----: -----: -----:: 13

:3 13
:: 40

1: 2z 3 4 5

23
0

L7
5
0
7

L7
0

39
7

27
0
0
2
2
8

15
2

30
15

18
5
0
4
1
3

10
3

6
1

22
13
29
64
29

1
2
3
4
5
6
7
I
9

10
39
33

23
2
0
1
0
2

20
1

27
L6

2t4



APPENDIX B - 5

RAW DATA FOR EXPERIMENT 5

NONRETARDED 13 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS

:: 94/98 : 90/92
: :102/108 z 97 /98
: :100/100:
: : 6L/L07 z

:: 95/98 :

:: 88/104:
: : 80/101:
: : 92/L}Lz
:: 94/l-l2:
:: 92/98 3

:3t4:5:
: -------: -------: -------:
: 95/95 : 92/95 :109/115:
z 98/LO4zl02/106: 9L/96 :

1

2
?

4
5
6
7

8
9

10

88/89 :105/106:101/103: 100/102:
66/100z 65/93 z 69/94 t 65/94:
99/LO5: 83/1012 68/99 z 86/96 :

85/104. 86/L042 96/IL4: 87/103:
97 /LO3:108/114 t 9O/93 t 97 /103t
94/LOLz 93/I0l: 89/101: 81/l0l:
88/93 z 94/LOl: 93l100: 87/99 :

74/96 : 80/90 : 70/88 z 86/L042

FALSE ALARMS

VISUAL TASK

TIME BLOCKS

S :: I : 2 '. 3 : 4 5

1
2
3
4
5
6
7

I
9

10

: -------: -------: -------:
¿ 33/L02: 51/108: 63/1052 62/L05
z 42/92 t 6L/IO2z 55/96 z 62/94
: 30/1002 49/lLIz 24194 z 23/97
z 12/93
: l-5/l-02

L2/I00: 12/I072 28/L06 24/1062
t8/99 : 3/101: 16/104:
27/96:15/86t 6/97
14/86 z t2/I07z L7/97
L3/992 9/992 9/99

63
7L
28

/8s
/lO4z
lga :

:: 29/96
:: 7 /99
:: 5/99
:: 19/98

LL/ 95
3L/96
Lt/97
e/99

47/LO7z 40/99 : 50/100: 53/101
:: 34/I02: 40/104: 40/110: 44/IL2¡ 4L/96

2t5



APPENDIX B - 5

RAW DATA FOR EXPERIMENT 5

RETARDED 15 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS

S 1

I : :102/108:
2 :z 85/91- :

3 :: 90/L022
4 :z 98/110:
5 :: 97 /1052
6 :: 73/L002
7 :: 791L00:
8 :: 72/98:
9 :: 78/94 z

l0 : : 83/105:

2

75/98
7 /e6
5 /95
6/TOL:
2/t02

38/95
73/e7
66 /t02
94/t08
77 /e7

3:4 5

6
I
8
I

74/LO6z 64/95
66/L01z 62/96
76/L07 z 7O/97
83/r01 z 77 /lLI

37 /95
s5/98
52/ 9s
73/L00
55/976r/87 :

46 /rOOI
65/99 :
48/95:
86/e7 :
66/97 :

63/96
66/92
7r/94
3s / 103
92/ 98

70 /lL2z
62198 :
3r/95:
48/7e :

72/Lllz 64/L}L:

FATSE ALARMS

VISUAL TASK

TIME BLOCKS

1
2
3
4
5
6
7
I
9

10

:: L8/92 :
:: 66/L09:
:: 32/98 :
:: 58/90 :
:: 62/95 :
:: 23/LO}z
: : 60/100:
:: 25/L022
: : 4L/IO6z
:: 4L/95 :

17 /1022 16/94
53/L04:63/99
27 /L052 23/93
56/99 z 6I/99

8/10s: 8/105
40/104:42/L022
33/103: 41/105:
66/89 z 69/LOOz
54/lO4:50/103:
36/108: 19/88 :
59/L062 55/L022
14/97 : 30/105:
78/L022 55/L2Lz
62/89 z 57/99 :

s8/e8:
16l105 ¡

67 /LO3z
42/98:
54/92 :
61/103:

45 /tr3:
19/100:
54/101:
48/105:
64/I032
68/103:

2t6



APPENDIX B - 5

RAW DATA FOR EXPERIMENT 5

NONRETARDED 9 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS :

-___---:
S :: 1 : 2 z 3 : 4 : 5 :

---:: :-------:-------:-------:-------:
1 :: 85/88 : 90/100: 9l/L03:. 93/97 : 95/103:
2 :z 9I/98 z 99/ 102:101/106: 83/LO2: 82/l0l:
3 :: 85/1072 78/93 : 97lLO2z 97llL3z 99/106:
4 :: 80/103: 69/1062 45/98 : 50/1082 55/LL2:
5 :: 77/90: 85/1002 7l/90 z 7L199 z 90/LLZz
6 :: 73/L032 67/1082 66/L052 52/93 z 48/96 :

7 zz 86/100: 88/96 : 78/L06: 98/103: 95l105:
:8:: 9I/L0O:88/1032 85/93 z 83/9L z 67/91:
;9;z 85/99:82/r0lz 56/94 z 92lL09z 74/98:
:10::81/95 z 68/93 z 63/89 z 70lL07z 8L/94:

FALSE ALARMS

VISUAL TASK

TIME BLOCKS

S:

6/97
20/94
25/98

4

18 / 103
23198
L8/87

2r/97
L9/99
37 /e4
2L/88
7r/88

:: L7/93 :
:: 35/97 :
:: 50/110:
:: 50/97 :

1:223 5

1

2
3
4
5
6
7
8
9

10

: : 37 /II2: 14l100
zz 44/1022 4L/98

17 / L07
29/94 26/L022 17/92
67 /L002 47 /ll0: 65/101:
60/92 z 33/95 z 47/1072 45/104

:: 451100: 22/L042 26/94 t 38/97 z 3L/95
:: 53/1002 6I/97 z 7L/I072 77lI09z 35/L092
:: 29/l0Iz 38/99 : 30/106 z 3519I ¿ 38/L022
:: 64/L052 49/107¿ 66/LlLz 45/93 z 72/L062

2L7



APPENDIX B - 6

RAW DATA FOR EXPERIMENT 6

NONRETARDED 13 YEAR OLD SUBJECTS

IIITS

VISUAL TASK

TIME BLOCKS

S: 1:223:425
I
2
3
4
5
6
7
8
9

10

:: 78/91 : 80/r001 76/93 : 69/95 z 72/9L
:: 88/r03: 86/96 :101/103:
:: 70/91 : 86/92 : 951108:
:: 75/IO0z 9l/98 :I02/L032
:: 78/92:103/1102 97/99 z

: : 77 /96 : 78/101 z 7I/97 z

: : 88/101 z 93/LOI: 80/91 z

:: 75/96 z 84/91 : 931105:
:: 95/103: 87/100: 84/93 :

:: 89/LO2z 96/96 z 96/97 :

88/98 :100/108:
92/LO2z 86/99 :

97 /Lo3: 93/100:
88/93 : 87 189 :

79/I}L¿ 7L/t)Oz
98/100:100/109:
92/L062 96/rO2z
9t/99:91l100:
90/90 z 9L198 :

FALSE ALARMS

VISUAL TASK

TIME BLOCKS

:: 28/109: 19/1002 26lI07z I4/LO5= 20/1091
2
3
4
5
6
7
I
9

10

:: 29/97 :

: : 10/109:
:: 20l100:
: : 28l108:
: : 17 /1.04:
:: 22/99 :
:: 35/lO4z
:: 30/97 :

29lL04t
23/I082
38/L022
23/90 :
9/9e :

38/ ee :

39 / r09:
32/]-002

25/97 z

20/92 ¿

29197 |
28/l0lz
15/103:
40/L092
37 /e5 :
35 /I07 z

L7 / L02z
13/98:
40/e7 :
37 /LO7 z

4/99:

30/92
34/101:
32/r00:
33/111:
1/100

s6l100 z L9/9t
29/94 z 4I/98
32lr0Lz 29/L00

:: 32198 z 47/I04: 40/103: 31/1102 2L/lO2z

218



APPENDIX B - 6

RAW DATA FOR EXPERIMENT 6

RETARDED 15 YEAR OLD SUBJECTS

HITS

VISUAL TASK

TIME BLOCKS

S :: 1 : 2 z 3 : 4 z 5

I
L

3
4
5
6
7

8
9
01

: : 9I/97 :100/106:
:: 80/107: 85/108:
:: 88/LO2: 99/L052
:: 79/87 z 88/99 :

:: 9I/96 :101/104:
:: 81/100: 81/98 :
:: 70/92 z 68/L072
:: 68/105 z 60/90 :

9t/96:
63l101:
78193 :
8s/98 :
99/L072
88/102:
50/103:
61/105:

9l/96 :100/106
e0l108 z 66 /84
76/95:71/L00
95/100 z 86/94
68/89 z 75/97
89/99 : 84/103
s5/r022 44/95
66/94 z 64/94

:: 82/LO2: 73/98 : 76/1042 67llo9z 57/94 :

:: 6I/96 : 60/ll2: 34/97 : 63/100¿ 7l/I072

FALSE ALARMS

VISUAL TASK

TIME BLOCKS

t ..
3 ::
4 z:
5 ::
6 zl

8 ::
o ..

10 ::

44/L032
2t/93:
57 /98 :
38/113:
45 /LO4z
29/7002
13/108:
6/95 :

4r/98 :
4lLO4z

28/94 z

36/92:
4L/95 :
52/l0It
28/96:
75 /1022
o/93 :

29 / IL}z
37 /L022
1/88 :

19 ll04z
27 /e9 :
58/r07:
24/1022
301e3 :
t6/98 :

L/97 :
20/95 :
2L/96:
3/103:

39 /1042
6/92 z

40/105:
19 /1002
28/LLLz
47 lI}Lz
L/e8 :

2L / L06z
26/91 3

9 /r00:.

17 /94
8/116:

33/100:
24/L062
30/103:
48/97 :
1/105:

23/L062
4llL06z
e/93 :

2t9



APPENDIX B - 6

RAW DATA FOR EXPERIMENT 6

NONRETARDED 9 YEAR OLD SUBJECTS

HITS

VISUA], TASK

TIME BLOCKS

S :: 1 : 2 z 3 425

1
L

3
4
5
6
7
8
9
0

:: 72/89 :
:: 92/l_}]-z
:: 8I/96 :
:: 87/92 :

: :101/101:
:: 64/9L 3

74/9e
79 /L02
8e /e9
78/e4

100 / 100

87 /99
83/e8
92/ 97

85/e9
93/e3

:: 83/94 : 951110
:: 99/Ll7z 75/99
: : 97 /LO4:105/109

60/L062 78/97
81/98 z 89/r02

I04/L062 97 /99

731L00: s5l98
96/98 z 89/94
65/IO72 601l.02
87lLL}. 98lIL2

52/L052 68/92 z 63/95
84/106: 50/104: 55/96
9l/1052 79194 : 89/115

73/1022 65/98
1 :: 88/102: 90/1032 89/L07

FALSE ALARMS

VISUAL TASK

S

I
2
3
4
5
6
7

8
9

10

:: 25/106: 18/90 : 8/1012 L7/94 : 14/103
:: 25/83 z t9/L}Lz 28/1022 24/L022 17/98
:: 46/96 :
:: 46/L]-L;
:: 3l-/99 :

: : L6 /L042
: : 56/108:

TIME BLOCKS

s0/103: 58/94 :

17/95 : 28/108:
35194: 19/96:
24/95 : 44/106z
39/t}Iz 27ltOjz

37 let :
38/101:
24/98 :
L7 /IOIz
26 / 106:

43/l-0Iz
321t05:
20/L04-.
t7 /85 :
L6/L022

:: 43/99 : 30/1002 24/107¿ 20/L022 L9/L06
:: L8/L09t 2L/98 z L5/L022 LLl93 : 8/98
:: 36/98 z 26/97 z 20/93 z 2O/9O : 17188

220



APPENDIX B - 6

RAW DATA FOR EXPER¡MENT 6

NONRETARDED 13 YEAR OLD SUBJECTS

MEA}I SIGNAL INTENSITY

VISUAL TASK

TIME BLOCKS

.e 1 2 3:4 5

I :: 14.
16.
16.
18.
15.
t7.
t7.
16.
16.
18.

9
6
9
3
3
6
7
3
7
4

2
3
4
5
6
7
8
9
0

14
I6
L7
18
15
15
15
t9
15
15

0
0
0
0
0
0
0
0
0
0

15.0 : 16 16
15
L4
18
16
t4
t9

.0

.0

.0

.0

.0

.0

.0

.0

.8

.0

0
0
0
0
0
0
0
0
0
0

16
18
18
15

0
0
0
0
8
0
0
0
0

15
L6
L7
15
1513.

15.
19.
15.

16
20
16
L9

22.
t7.
18.1 L7

22L



APPENDIX B - 6

RAW DATA FOR EXPERIMENT 6

RETARDED 15 YEAR OLD SUBJECTS

MEAN SIGNAL INTENSITY

VISUAL TASK

TIME BLOCKS

S I 2

28.
4L.
22.

29.L

3 4 5

1
2
3
4
5
6
7

I
9

10

: : 25.2
:: 28.6
:: 37.I
: : 40.5
: : 23.5
:: 22.8
:: 38.6
: : 24.8

to oLt. t

:3 23.2
: 41.
. 25.

30 0
9
8
2
0
0
4
7
1
0

26.
58.
42,
56.
23.
20.
47.
42.
40.
27.

8
0
4
0
0
0
0
0
7
I

6
8
9
5
9
0
4
2
2

25. 9
0
0
0
5
0
8
0
4
0

4L.
56.
49.
23.
24.
38.

53
50
56
22
20
43
36

54.
28.
26.
51.

58
54

52
32

46

222



APPENDIX B - 6

RAW DATA FOR EXPERIMENT 6

NONRETARDED 9 YEAR OLD SUBJECTS

MEAN SIGNAL INTENSITY

VISUAL TASK

TIME BLOCKS

4S :: 1 2 3 5

1 :: 24.3
r-6 .8
2L.7
33.7
25.3
20.7
36 .0
30.9
13. 9
14.9

23.0
14.0
30.0
29.2
28.0
16 .0
5 2.0
30 .0
15.9
15 .0

20
16.
30.
53.
30.
14.
53.
28.
20.

19.6
t7 .9
34.0
57 .L
4r.2
15 .0
58.0
28 .0
24.0
17 .0

60.
26,
27.
18.

26
t7
56
59
49
18

B

0
0
3
0
9
9
9
0
0

9
0
7

5

3
8
0
9
0
0

2
3
4
5
6
7
I
9

10 L6

223



APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 19 YEAR OLD SUBJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

S 1 2 3:4 5

I
2
3
4
5
6
7

8
9

10

.36

.30

.56

.66

.33

.t7

.28

2
I
2
1

2
I
I
1

3
2

49
72
75

3.61 4.37
I .80
4.97
4.50
3.61
3 .56
3.34
r.75
2.33
L.92

4.37
t.44
5.14
2.40
2.28
3.59
2.85
L.2I
2.84
2.40

4.37
r.38
5 .42
3. r6
3.61
3.83
3.93
L.2L
2. 58
r .66

l.13
4.97
2.25
2.7 2
3.48
2.84
0. 95
3 .09
r.97

MEAN : 2.06 2,70 3.22 2.85 z 3.L2

CRITERION (ß)

TIME BLOCK

S 1 2 3:425
1
2
3
4
5
6
7
8
9

10

.79

.L7

.00

.60
,72
.49
.85
.74
.50
.04

0
I
1
2
2
0
I
1
0
4

6.59
1 .89
0 .05
1 .88
4.L2
0 .01
L.47

52
1

0
2
6
0

83
5

L4
2

52
1
0
2
4
0

13
5

1
0
0
6
0
3
4

14
1

52.L2
.11
.05
.02
.59
.01
.63
.63
.97
.26

.12

.33

.07

.35

.04

.01

.05

.78

.L2

.83

.13

.58

.59

.01

.15

.78

.50

.60
1

2.59
118.48

1.32
Ir4.7 4

2.35

MEAN: 2.69:13.84 8.44 : 19 .58 : 16 . 93

224



APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE AUDITORY
TASK FOR THE NONRETARDED 19 YEAR OLD SUBJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

S 1 2 3

L

2
aJ
4
5
6
7

8
9

10

6.18
4 .65
4.97
5 .41
6 .18
4.65
5.14
4.37
2.85
2.93

6. 18
5.14

6.18 :
3. r-6 :
5.42 :
6.18 :
4.37 :
4.74 :
2.58 :
3.93 :
2.84 :
3.61 :

4.37
3.61
6.18
3.6L
6. r8
5.42
6.18
3.93
3 .09
6.18

4.37
'2.85
6.18
3.93
6.18
5.42
3.62
3.34
3.93
6 .18

:MEAN: 4.73 : 4.38 4.30 4.88 : 4.60

CRITERION (ß)

TIME BLOCK

5.14
4.97
5.42
4.97
3.L7
3.34
2.25
3.r7

1

2
0
1

52
0

1
2
3
4
5
6
7

B
9

t0

S 1 2 3 4:5

1 .00
0 .03
0 .0s
0.13
1 .00
0.03
0.07

52.12
13 .05
r.70

1 .00
0.07
0.07
0 .05
0.13
0.05

10.50
Lt4.7 4
83. 1s
10.50

.00

.58

.13

.00

.12

.03
14.50
83.15

LL4.7 4
6.59

52.12
.59
.00
.59
.00
.13
.00
.15
.48
.00

z 52.12
: 13 .05
: 1.00
: 83.15
: 1.00
: 0.13
z 103.26
z 1L4.74
: 83.15
: 1.00

6
I
6
1

0
1

83
118

1

MEAN : 6,92 z 22.03 z 27 .58 z 27 .LL z 45.26

225



APPENDIX C . 1

SENS¡TIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-M¡NUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 19 YEAR OLD
SUBJECTS IN EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

3S 1 2 425

I
2
3
4
5
6
7
I
9

t0

2.02
3. L6
3 .45
2.I3
1.65
2.24
0.93
3. B0
2.32
3.67

2.32 :

2.59 :
3.03 :
1.65 :
4.r7 :
1.38 :
0.22 :
3.80 :
1.59 :
0.97 :

r.75
3.L7
r.23
1.63
1.61
L.52

-0.43
4.09
I .43
3.04

1.93 :

2.85 :

0.36 :
0.91 :
L.73 :
2.36 :

0.33 :
L.49 :
1.51 :
L.zL :

r.70
2.85
0.97
r.63
2.07
t.r7

-0.10
3. 70
1.11
L.26

MEAN: 2.54 z 2.17 1. 90 L.47 : 1.64

CRITERION (ß)

TIME BLOCK

S 1 2 3 4:5

1
2
3
4
5
6
7
8
9

10

1 .40
2.58
0 .01
5 .68
0.97
0.69
I.22
0 .01
0.75
0 .01

.25

.04

.87

.02

.83

.08

.01

.46

.71

I .85
0. s0
0.76
5 .68
0. 95
1 .43
0.76
0 .01
0.45
0 .01

2.34
13.05

1.07
3.25
2.88
0.79
0.97
0 .86
0 .45
0 .44

L.74
.05
.96
.68
.49
.47
.98
.01
.45
.44

.092
3
2
3
0
1

I
0
0
0

1 13
0
5
I
I
0
0
0
0

MEÆ,I : 1.33 : 1.54 z 2.24 2.6L z 2.63
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APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE AUDITORY
TASK FOR THE MENTALLY RETARDED 19 YEAR OLD
SUBJECTS IN EXPERIMENT 1

SENSITIVITY (d' )

: TIME BL0CK :

----- !

S 2 5

4.L7
2 .58
4.37
4.13
3.34
3.14
t.23
3 .45
2.84
1 .48

L.75
2.85
3.61
1 .41
2.33
4.22
0.58
3.29
3. 93
2.40

I 3:4
1

2
3
4
5
6
7

8
9

10

2.02
3.62
2.33
1.59
3.r7
4.32
2.99
1.61
3.62
1.55

2.59 :
3.34 :

3.62 :
4.84 :
2.85 :

4.t7 :

0.56 :
3.67 :
2.57 :

1.11 :

2 .46
3.34
3.62
3.61
2. 85
3 .86
I .08
I .67
2.58
1.11

:MEAN 3.07 2.64 2.68 : 2.93 z 2,62

CRTTERION (ß)

TIME BLOCK

S 1 2 :324:5
0
7

0
0

114
0
1

0
1
1

1
2
3
4
5
6
7
8
9

10

.02

.18

.02

.01

.74

.01

.12

.01

.47

.37

I .85
13.05
6.59
2.68

14.97
0.02
0.87
0.01

82.15
2.35

1.40
t03.26

L4.97
r.57

10.50
.02
.01
.47
.26
.90

3.25
tr4.7 4
L03.26

0 .04
13 .05

.02

.73

.01

.26

.03

0.88
Lr4.7 4
r03.26

6.59
13.05
0.01
0.45
0.48

14.50
1.30

0
0
0

103
0

0
0
0

103
1

:MEAN z L2.60 z 12.45 ¡ 23.64 : 33.94 z 25.53
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APPENDIX C . 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE T¡ME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 13 YEAR OLD SUBJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK :

----- !

5S:1 2 3:4
1
2
3
4
5
6
7
8
9

10

.L7

.02

.L2

.34

1

2
2
3
3
2
1

2
1

2

2.4L :
4.37 :

4.13 :
4.74 :
2.02 :
4.97 :
2.76 :
2.58 :

3.34 :

4.22 :

4.32
2.00
4.L7
2.32
4.50
3.34
2.84
2.31
3. 34
1 .80

4.65 :
l.8l :

L.zL :
4.37 :
2.90 :
3.61 :
4.57 :
2.07 :
2.33 :
2.L6 :

.93

.63

.24

.37

.34

.97

.37

.09

2
I
2
4
3
4
4
2

2
1

97
.20
.80

2.)

.81

.20
58
48

MEAN 2.30 3 .55 3.09 z 2.97 : 3.10

CRITERION (ß)

TIME BLOCK

S 1 2 3:425
1
2
3
4
5
6
7

8
9

10

L.47
1 .40
1 .60
3.63
0 .01
0.67
1.1r
2.09
3.24
0.67

0.83
0.02
0 .0r
0.03
1 .40
0.05
1.31

14. 50
3.63
0.02

.48

.02

.09

.02

.63

.47

l. 70
5 .68
0.69
0 .02
3.63
0 .0s
0 .02

18 .48
7.18
L.37

0
4
0
2
0
3
1
7
3
1

02 : 0.03 :
z 3.24 :

: 1.53 :
: 0.02 :

: 5.78 :

z 6.59 :
: 0.03 :

: 14.50 :
z L4.97 :
: 0.65 :

1.98
.63
.11

:MEAN: 1.59 : 2.18 2.45 4.73 : 13.88
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APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE T¡ME BLOCK FOR THE AUDITORY
TASK FOR THE NONRETARDED 13 YEAR OLD SUEJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

,l

l,4,

I

I

I

f

S:1 2 3 4 5

1

2
?

4
5
6
7

8
9

10

4.27
5.14
2,07
4.65
3.61
6.18
4.27
2.4L
2.56
4.74

4.7 4
6.18
1.48
2.7 6
4.37
3.93
2.49
5.42
5.42
2.59

4.84
4.37
L,75
3.16
3.L7
6.18
3.03
6 .18
2.85
2.28

3.16
6.r8
2.46
3.16
2.85
3.62
2.3L
6 .18
3. 93
4.74

4.74
5 .42
2.07
4.65
2.85
6. 18
3.61
5.42
3.93
2.93

:MEAN 3'.99 z 3.94 3. 78 3 .86 4. 18

CRITERION (ß)

TIME BLOCK

S 1 2 3 4 5

1
2
3
4
5
6
7

8
9
0

o.o2
0 .07
r.49
0 .03
6.59
1 .00
0.02
0 .83
I .00
0.33

0. 33
1 .00
2.06
1 .31

52.L2
83. 15

2.7 2
0. 13
0. 13
3.25

0.04
52.L2

1 .85
2.58

.50

.00

.04

.00

.05

.04

2.58
1 .00
0.88
2.58

13 .05
L03.26

7 .98
1 .00

83. 15
0.33

0. 33
0.13
L.49
0 .03
3 .05
1 .00
6.59
0.13
3. 15
L.70

10
1
2
1

13
4

I

1

MEAN: L.L4 z L4.62 : 8.82 : 21.58 : 10.76
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APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 13 YEAR OLD
SUBJECTS IN EXPERIMENT 1

SENSITIVITY (d')

TIME BLOCK

S

I

1 223 4 5

1

2

3
4
5
6
7

I
9
0

t.42
r .45
1 .48
2.L6
L.52
r.44
t.52
I .84
0. 7s
1 .48

L.26
-0.37
0.7r

.03

.19

.80

.60

.83

.34

.25
t7

.90

.60

-0.11
-1 .54
0.63
0. 36
0.99
0.60

0. 25
0.11

-t.69
-0.76
0.00

-1 .04
-0.32
0.63
0.61

-0.20

.90-0
0
0

-1

1
0
0
0
0

-1
0
0
0
0

0
0
0

-2
0
1

0

.60

.76

.65

.51

.49

.26

.47

.30

.97

.61

CRITERION (ß)

TIME BLOCK

S 1 2 4 5:3
1
2
3
4
5
6
7
I
9

10

0.83
0.8s
t.37
0.65
1 .43
1. 33
0.88
1 .15
1 .09
2.06

.15

.78

.3s

.64

.98

.74

.01

.27

.15

0. 95
0 .03
2.09
r.70
1 .64
2.58
0.47
1 .13
0.96
0 .02

0. 91
1.11
0 .02
0.11
1 .00
0 .06
0 .81
t.42
t.2L
0 .86

1
0
2
1
1
1
0
1
1

2 .04

1.31 :
1.31 3

2.72 :
2.58 :
L.74 :
0.03 :
L.t7 :
1.11 :
I.L9 :
L.64 :

MEAN : 1.16 1.41 : 1.48 : 1. 16 : 0.75

i

t
rìþ

I

t
{

'l

¿

I

I

I
I
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¡rAPPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE AUDITORY
TASK FOR THE MENTALLY RETARDED 13 YEAR OLD
SUBJECTS IN EXPERIMENT 1

SENSITIVITY (d' )

I

t
"{rì

{

.,

I
I
1,

!

I
I

TIME BLOCK

S

MEAN

4.22
0. 96
0.77
1 .89
0 .83
3.73
1 .93
r.29
3.62
1 .81 -0.51

0.33
1 .53
0.36
1.36
1 .05
0.80
0 .84
1 .38
0.86
0.7L

-0.33
2.7 6
1.31
o.2L

.74

.49

.57

.80

.48

.06

.48

.99

.25

1:2 3 425

I
2
3
4
5
6
7
8
9
0

.76

4
1

-2
0
I

-0
-0

1
0

-0

L.52
0.91
0.47
1 .03
1 .34
I.2L

1.5
1.1
1.5
t.9
0.6
0.7
0.3
0.s
L.2

6
5
6
3
1
6
5
5
6

1

2.It z 0.92 0.92 1.04 : 0.73

CRITERION (ß)

TIME BLOCK

S 1:2 3 425

1
2
3
4
5
6
7
8
9

10

0.02
t.24
1 .35
0. s3
0.91
0 .01
2.34
1 .66
0 .01
1 .98

L.49 :
2.60 :
3.35 :
2.34 :
1.03 :
1.98 :
1.28 :
1.34 :

0.76 :
0.59 :

1 .40
7 .r8
1. 70
5. rl
1 .00
2.72
1 .43
1 .83
o.92
1.28

0.88 :
3.25 :
2.04 :
I Ot
2.46 :
5.78 :

0.69 :
1.31 :
0.78 :
1.15 :

0.03
.50
.01
.72
.37
.11
.97
.06
.27
.75

10
0
2
1
0
0
2
I
0

:MEAN: 1.01 : 1.68 z 2.46 2.I3 : 1.98

l, I
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IAPPENDIX C - 1

SENS¡TIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 9 YEAR OLD SUBJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

¡i
t
t,
I'

i
t
I
t.

S 51 2 3: 4

I
2
3
4
5
6
7
8
9
0

2.09
3.56
3. 90
L.23
1 .33
L.T7
1.65
r.10
1.33
1 .68

1.92
3.62
1 .80
1. r0
0.11
0,75
1 .04

-0. 16
0.72
1.58

.25

.26

.54

.47

.50

.75

.00

.27

.ll

.29

.00

.78
5?

.25

.69

.61

L.22
I.52
1.33

-0. 16
0 .06
1.10
0.27

-0.76
-0.37
0.74

0. s0

2
1
1

0
0
0
0
0

-0
1

2
3
0

-0
-1

0

1

-0.76
-0.76
r).56
0.92

:MEAN 1.90 1.25 0.82 . 0.49

CRITERION (ß)

TIME BLOCK

S: I
0.61 :

0.01 :
0.01 :
L.L2:
r.74 :
0.74 :
o.97 :
1.38 :
0.44 :
r.00 :

L.26 :
0.01 :
1.11 :
1.38 :
1.11 :
1.09 :
4.L2 :
0.83 :
1.08 :
0.92 :

t Ro

0.01 :
1.15 :
0.75 :
0.02 :
1.03 :

0.1r :
0.11 :
1.88 :
r.52 :

2.88
0.88
L.7 4
0.83
1 .08
0.73
L.47
0.11
0.67
I .59

2 3

.88

.76

.20

.04

.72

.89

.00

.88

.66

54

1
2
3
4
5
6
7

I
9

10

1
0
2
2
1
0
I
1
0
1

.47

MEAN: 0.80 z L.29 1 .45 O.92 z L.2O
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APPENDIX C - 1

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE AUDITORY
TASK FOR THE NONRETARDED 9 YEAR OLD SUBJECTS IN
EXPERIMENT 1

SENSITIVITY (d' )

TIME BLOCK

S: 1 2 3:4:5
1

2
3
4
5
6
7

I
9

10

41

2 .69
4 .27
2.31
4.L7
3. 90
1.29
0.43
2.02
L.70
1.56

3.34 :

2.r7 :

I.49 :

4.65 :

2.4t :

1.18 :
0.63 :
1.54 :

3.03 :
2.40 :

3.62 :
L.66 :

2.57 :
L.66 :
o otrL. L)

I.66 :

-0.04 :
2.62 :
3.L7 :
1.90 :

.85

.63

.04

.38

.60

.16

.05

.18

.23

5.42
2.85
1 .0s
1.88
2.07
0.77
I .8r
2.41
2.85
2.28

2
1

I
2
1

0
0
2
6
I

:MEAN 2.43 = 2.28 2.lr L.75 : 1.98

CRITERION (ß)

S

TIME BLOCK :

---- !

2 3 4 5

L03.26

I
1
2
3
4
5
6
7
8
9
0

1.18
0.02
7 .98
0 .02
0.01
L.66
0. 98
0. s8
0.48
3.35

3.63
3.37

13.0s
.68
.06
.11
.83
.58
.05
.24
.00

0.13
.05
.59
.86
.49
.63
.02
.11
.05
.04

.60

.26

.60

.88

.60

.97

.08

10
0
5
1

0
2
2
2

.50

.03

.11

.99

.88

.20

.04

.35
10.50
3.7s

2
103

2
1
2
0
1

.04

5
0
5
I
2
1

8
1
4

13
6
5
I
3
0
5

13
41

MEAN: 1.63 z 3.2L z 23.25 4.26 : 5.30

I
I

l

233



APPENDIX C - 2

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 13 YEAR OLD SUBJECTS IN
EXPERIMENT 3

SENSITIVITY (d')

TIME BLOCK

S 1 t. 3 4 5

1
2
3
4
5
6
7

8
9
0

2.88
5.42

4 .27
5.42
L.97
4.01
3.07
2.30
4.84
4.97
3 .80
3.46

4.43 :
4.65 :
r.72 :
4.09 :
3.77 :
2.82 :
4.38 :
4 .')7 :
2.73 :
3.63 .

4.32 3 .41
4.32
1 .83
3.93
4.22
4.11
4.84
4.27
3.09
3.221

2.35
3.70
3 .55
2.33
4.7 4
4.2L
2.43
2.46

4.2
2.2
4.1
3.7
3.1
4.6
6.1
2.7
3.6

I
2
3
3
6
5
8
5
3

MEAN 3 .41 3.81 ¿ 3.72 3. 90 3.72

CRITERION (ß)

TIME BLOCK

IS

I
2
3
4
5
6
7

I
9

10

2:3 4 5

0 .08
0.13
1.13
0 .01
0.14
0.26
0 .03
0.39
0.07
1.14

0.02 :
0.13 :

0.76 :
0.01 :
0.09 :
0.64 :
0.04 :
0.05 :
0.01 :
0.33 :

0.02 :
0.03 :
1.03 :
0.01 :
0.11 :
r.94 :
1.82 :
0.05 :
0.15 :
0.79 :

.02

.39

.29

.01

.18

.03 :

.00 :

.09 :

.79 :

0.r2
0 .02
0. 93
0 .01
0 .02
1 .00
0 .04
0.02
0.s3
2.39

0
0
1
0
0
0
0
1
1
0

.39

:MEAlrl : 0.34 0.21 : 0.60 : 0.52 0 .51
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APPENDIX C - 2

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 14 YEAR OLD
SUBJECTS IN EXPERIMENT 3

SENSITIVITY (d' )

TIME BLOCK

S 1 2 3:4 5

1
2
3
4
5
6
7
8
9

10:

1.65
4.65
2.75
2.49
2.69
r .85
1 .48
3.67
2.90
3. 36

1.78 :
1.93 :

t.77 :
2.56 :

3.83 :
0.90 :
1.40 :
2.83 :
t o?
3.18 :

L.32 :
L.29 :

I.L2 :
2.82 :
3.61 :
1.30 :
0.61 :
4.50 :

2.27 :
2.63 :

1.66 :
L.4t :

0.88 :
2.35 :
3.16 :
0.69 :
0.83 :

3.09 2

2.r3 :
2.55 :

0.63
L.L7
0.86
2. 38
2.98
0.82
0. 93
3.28
2.43
1.18

MEAN : 2.75 2.31 2.I5 : I .88 L.67

CRITERION (ß)

TIME BLOCK

b 1 223 z4 5

1

2
3
4
5
6
7
I
9

10

0.34
0.03
1 .09
0.37
1.18
0.63
0. 73
6 .09
5. 78
0.11

0.3s :

0.60 :
0.65 :
0.39 :
0.01 :

0.82 :
L.22:
0.39 :
L.7T :

0.23 :

0.75 :
0.67 :
0.82 :
0.L7 :
0.15 :

0.7r :
1.36 :
0.02 :
5.44 :
0.32 :

0.30
0.66
1 .00
0.89
0.39
0 .81
2.42
o.2L
5 .68
0.14

0.80
0.62
1 .14
r.44
2. 18
0.82
2.26
0.11
4.89
0.84

1

MEAN: L.64: 0.64 1.04 z 1.25 2.5L
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APPENDIX C - 2

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 1O YEAR OLD SUBJECTS IN
EXPERIMENT 3

SENSITIVITY (d' )

TIME BLOCK

S 1: 2 3 4 5

1

2
3
4
5
6
7
8
9

10

2.96
2.93
2.83
r.72
4.97
4.65
3.31
3.31
3.03
3 .06

3.97
3.L7
3.24
2.35
3.80
3.88
4.43
3.11
3.34
2.39

3.42
2.63
2.99
1 .95
3.61
3.81
4.2L
2.7 6
r.70
L.69

1 .45
2.14
2.57
L.67
4. 38
4.08
3. 70
2.42
I .89
L.76

.05

.25

.03

.70

.42

.35

.20

2
2
2
1
3
2
4
2
2
1

97
73
38

MEAN 3.28 z 3.37 : 2.88 : 2.6I z 2.51

CRITERION (ß)

TIME BLOCK

3S 1 2 4 5

L.25
0.43
0. 16
1 .03
0.05
0.28
1 .38
0.72
0.09
0.34

1

2
3
4
5
6
7

I
9

10

0.01
0. 10
0.10
3.01
0. 20
0.22
0.02
1.00
0 .01
o.27

0.01
0.32
0.64
2.04
0.41
0.56
0.39
0.77
0.48
0.83

0.23
0.49
0.86
1.93
L.82
3.23
o .47
L.37
0. 31
0.88

0.r2
0. s3
0. 96
L.74
0.26
2.16
0.55
r.37
0. 33
1.14

MEAN: 0.57 : 0.49 : 0.65 1 .16 z O.92
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APPENDIX C - 3

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 13 YEAR OLD SUBJECTS IN
EXPERIMENT 4

SENSITIVITY (d' )

TIME BLOCK

S I 2 3:4 5

1
2
3
4
5
6
7
8
9

10

.61

.32

.18

.33

.93

.62

4
2
6
3
3
4
6
2
3
3

3.16
5.14
6 .18
5.42
4.37
4.09
5.42
3 .03
4.97
6.18

5.42
4.74
6.18
3.62
4.37
4.50
3.34
3.61
3 .61
2.85

.37

.t7

.18

.62

6.18
2.7 6
6.18
3.93
6.18
4.97
3.62
3.62
3.93
3.62

4.37 :
4.50 :

6.r8 :
3.34 i
6.18 :
2.76 :
4.37 :
3.34 :
4.37 :
4.37 :

MEAN 4 .80 4.22 4.03 : 4.38 4. s0

CRITERION (ß)

TIME BLOCK

S 1 2 3:4 5

1
2
3
4
5
6
7
8
9

10

2
0
1
0

52
0
0
2
0
1

.58 :

.70 :

.00 :

.13 :

.12 :

.01 :

.13 :

.04 :

.05 :

.00 :

.13

.03

.00

.26
52.L2

0 .02
LL4.7 4

6.59
6.59

13 .05

52.12
3.37
1 .00

.26

.59

.02

.00
L4.97
83. 15
03.26

52.L2
0.02

1 .00
1.31
1 .00

83.15
1 .00
0.05

LO3.26
103. 26
83. 15

103.26

0
0
1

103 103
6
0
1

1 .00
rL4.74

r.00
1.31

52.L2
LL4.74
52.12
52.L2I

MEAN: 5.98 : 29.75 : 36.87 : 44.13 : 48.04
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APPENDIX C - 3

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 15 YEAR OLD
SUBJECTS IN EXPERIMENT 4

SENSITIVITY (d' )

TIME BLOCK

S 1 2 3:4 5

1

2
3
4
5
6

8
9

r0

3 .86
4.84
3. 16
2.56
1 .66
4.32
4.t7
4.50
6.18
3.73

I .84
3.61
2.91
2.L8
0.63
4.84
4.6s
2.69
3. 93
3. 93

3.62
3.16
3.61
4.97
2.57
4.50
2.7 6
3.6r
3. 93
4.22

3.09
3 .09
2.7 6
3. 16
3 .09
2.93
2.84
2.00
4.37
4.L7

2 .58
2.25
4.37
5.42
1.53
2.84
5.42
2.I7
4.37
3.77

:MEAN 3. 90 3.12 3.70 3.15 -. 3.47

CRITERION (ß)

TIME BLOCK

S 1 2 3:4 5

1

2
3
4
5
6
7

I
9

10

0.01 :
0.04 :
2.58 :
1.00 :
2.60 :
0.02 :

0.02 :
0.02 :
1.00 :
0.01 :

r03.26
2.58
6.59
0.05

.26

.02

.31
,59

118 .48
1 18 .48

1
6
1
1
2
0
0
1

83
0

.15

.59
.50
.15
.02
.13

L4
83

0
0
7

I
0
3

52
0

1 .31
2.58

118.48
L.70
r.47
4.48

52.L2
0 .02

65
72
09
04

103
0
1
6

.18

.47

.13

.37

.I2

.01

.03

.18

.1s

.01
83. 15

0 .02

MEAN: O.73 : 9.76: 30.68 z 4L.9L z 16.2I
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APPENDIX C - 3

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 9 YEAR OLD SUBJECTS IN
EXPERIMENT 4

SENSITIVITY (d')

TIME BLOCK

S 1 223 4:5

1

2
3
4
5
6
7

8
9
01

4.57 :
2.32 :
2.09 :
4.97 :
5.42 :
4.27 :
4.57 :
4.13 :
3.s0 :
2.32 :

4.37 :
2.13 :
6.18 :

5.14 :
5.42 :
3.34 :
2.93 :
5.14 :
2.09 :
1.80 :

2.36 :
2.84 :
6.18 :
5,42 :

5.42 :
2.28 :
4.50 :

5.42 :
4.09 :
4.50 :

4.27 :
2.O7 :

3.34 :

3.L7 :

3.61 :

3.L7 :
4.32 :

5.42 :
1.33 :
2.69 :

4,27
4.37
2.62
2.4L
4.97
2,59
2.62
6.18
1.33
2.59

MEAN : 3.82 3.85 : 4.30 3.34 : 3.40

CRITERION (ß)

TIME BLOCK

S 1 223 4:5:

1

2
3
4
5
6
7
8
9
01

0.03 :
2.09 :
0.61 :
0.05 :
0.13 :

0.02 :
0.03 :

0.01 :
0.01 :
0.75 :

0.02 :
5.68 :
r.00 :
0.07 :
0.13 :
3.63 :
1.70 :
0.07 :
0.61 3

1.11 :

10
0
0
1
1

.01

.02

0
114

1

0
0
4
0
0
0
0

.79

.74

.00

.13

.13

.04

.o2

.13

0.02
52.12

1 .08
5.11
0 .05
3.25
r .08
1 .00
I.2L
3.25

0 .02
14. 50

Lr4.74
10. s0
6.59

.50

.02

.13

.74

.18
: --------
:MEANz 0.37 : 1.40 : 12.10 15.99 : 6.82
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APPENDIX C - 4

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 13 YEAR OLD SUBJECTS IN
EXPERIMENT 5

SENSITIVITY (d')

TIME BLOCK

S I 2 3 4 5

1
2
3
4
5
6
7
I
9
01

2.22
L.66

2.L3 :
2.07 :
2.39 :
1.59 :
2.73 :
1.38 :
2.78 :
2.82 :

1.80 :
1.05 :

2.84 :
1.38 :
2.97 :
t.75 :
r.83 :
1.54 :
2.64 :
2.53 :
L.73 :
1.53 :

1.65 :
1.31 :
2.76 :
t.26 :
2.38 :
1.95 :

3.11 :
2.52 :
1.48 :
1.10 :

I .00
1.18
2.6L
t.24
2.32
2.55
2.47
2.42
1.13
1.13

3.62
1.30
2.92
1.56
2.28
2.99
L.7 7

2.00

MEAN : 2.23 2.07 2.O7 1 .95 1 .81

CRITERION (ß)

TIME BLOCK

S 1:2 3 4 5:

1
2
3
4
5
6
7
8
9
01

0,24 :
0.30 :
0.01 :
1.86 :

0.29 :
0.67 :
2.15 :
1.58 :

0.82 :
0.33 :

0.L2 :

0.07 :
0.07 :

1.83 :

0.60 :

0.73 :
0.63 :

0.83 :

0.26 :
0.80 :

0 .01
0.30
0 .08
1 .85
r .00
0.7s
0.42
0. 70
0.35
0. s3

0.r7
0.23
0.16
t.02
5.19
0.96
0.36
t.23
0.34
0. 73

0.32
0.29
0. l4
1.16
0.75
2.O4
0.45
r.37
0.50
0.64

:MEAI'I: 0.83 0.59 : 0.60 1.04 z 0.77
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APPENDIX C - 4

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 15 YEAR OLD
SUBJECTS IN EXPERIMENT 5

SENSITIVITY (d' )

TIME BLOCK

:S 2 3 4 5

1

2
3
4
5
6
7

8
9

10

2.40
r.20
t.62
0.87
7.02
t.35
0.55
L.29
r.23
0. 98

,69
.50
.87
.86
.61
.78
.29
.56

I .48
0 .03
L.23
0.61
0. 78
0. 78
0.34
0.13
0.92
0 .06

1.85
0.69
1.05

-0.1s
0. 36
r.02
0 .56
0.67
0 .8s

-0. 14

1.13
0 .38
0.41
0.r2
0. 20
1.10
o.23
0.1r
0.41
0.13

1
0
1
0
0
0
0
0
0
0

.90

.58

MEAN 1.25 : 0.86 0.64 : 0.68 0.42

CRITERION (ß)

S

TIME BLOCK

1 2 3:4 5

1

2
3
4
5
6
7
8
9
01

0.43 :

0.35 :

0.55 :
0.50 :

0.40 :
1.09 :

0.75 :
1.04 :

0.66 :

0.73 :

L.20:
0.87 :
0.58 :
0.59 :

0.72 :
t.66 :
0.86 :
0.94 :

0.54 :
0.74 :

r.37 :

0.99 :
1.08 :
0.69 :
0.90 :
1.46 :

0.92 :
1.01 :
0.49 :

0.98 :

2.44 :
0.97 :

0.94 :
1.09 :

0.92 :
0.93 :

0.79 :
1.65 :

0.38 :
1.06 :

2. 58
1.02
1 .03
0.94
0.98
1.28
0. 95
1 .06
0.97
0.97

MEAITI : 0.65 0.87 0.99 I.I2 : 1 .18
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APPENDIX C.4

SENSITIVITY AND CRITERION VALUES FOR EAGH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 9 YEAR OLD SUBJECTS IN
EXPERIMENT 5

SENSITIVITY (d' )

TIME BLOCK

S t 223 4:5

1

2
3
4
5
6
7

8
9
01

2.32 :
1.6s :

1.72 :

1.13 :
t.2L :
().05 :
L.2L :

L.27 :
1.63 :
0.76 :

2.36 :
2.08 :
]-99 :
0.88 :
0.60 :

-0.08 :
2.2r :
0.7r :
1.18 :
0.7r :

2.73 :
2.45 :
2.89 :
0.57 :
0.98 :
o.72 :
t.23:
0.93 :

0.84 :
0.33 :

2.7I
L.62
I .89
0.82
0.22
0.30
L.92
o.79
1.30
0 .44

2. 18
L.76
L.76
0.68

-0.04
0. 18
L.7 2
1.11
1 .04
0.61

MEAN 1.30 I.26 z 1.37 : 1.20 : 1.10

CRITERION (ß)

TIME BLOCK

S 1 2 :3 4:5

1

2
3
4
5
6
7
8
9
01

0.19
0. 34
1 .10
0.79
0. 56
0 .86
0.56
0.41
0 .65
0.61

.34

.89

.77

.s1

.50

.00

.35

.28

.o2

.49

.9L

.82

.62

0.79 :
0.t7 :
1.00 :
1.05 :
0.64 :
1.03 :
0.52 :

0.62 :
o.7L :
0.83 :

1.68 :

0.36 :

0.32 :
t.25 :
o.73 :
t.o2 :

0.96 :
0.44 :
1.15 :

0.88 3

0
0
0
1

0
I
0
0
0
0

03

0
I
0
I
1

I
0
0
0
0

.90

.00

.27

.47

.64

.93

:MEAIrl : 0.61 0.74 0.88 z 0.77 : 0.80
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APPENDIX C - 5

SENS¡TIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 13 YEAR OLD SUBJECTS IN
EXPERIMENT 6

SENSITIVITY (d' )

TIME BLOCK

S 1 223 425

1

2
3
4
5
6
7

8
9
01

7.72 :
1.56 :

2.08 :
t.52 :
1.68 :
1.84 :
1.90 :
1.19 :
1.90 :
t.57 :

L.72
1 .86
2.82
1.81
2.20
2.08
r.7l
t.76
L.59
3.22

1.62 :
2.70 :
1.95 :
2.85 :
2.63 :
1.65 :
r.51 :

1.5r :
r.72 :
2.6L :

L.74 :
2.24 :
2.41 3

1.78 :
2.03 :
2.52:
1.90 :
L.62 :
1.87 :
3.67 :

r.7 2
L.92
1 .54
1.94
2.58
2.88
2.2L
t.7 6
I .89
2.28

MEAN t.70 2.08 : 2.08 2. 18 2.07

: CRITERION (ß) :

TIME BLOCK :

-----2
1 2 3 4 5

0.69 :
0.67 :
1.87 :
1.14 :
0.72 :
1.15 :

0.71 :

0.81 :
0.42 :
0.59 :

1 .03
0.52
0.47
0. 35
0.37
1.87
0.39
0 .40
0.59
0.01

0.84 :
0.15 :

0.68 :
0.08 :
0.14 :
t.42:
0.53 :
0.49 :
0.49 :
0.07 :

1.56 :
0.69 :
0.83 :
0.31 :

0.28 :
3.44 :

0.L2 ?

0.60 :
0.42 :
0.01 :

1 .10
0.37
0.58
0.37
0. 14

12 .84
0.52
0.30
0.47
0.47

MEAN : 0.88 0.60 O.49 : 0.83 r.72

S

1
2
3
4
5
6
7
8
9
0I
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APPENDIX C - 5

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE MENTALLY RETARDED 15 YEAR OLD
SUBJECTS IN EXPERIMENT 6

SENSITIVITY (d')

TIME BLOCK

S 1 2 3 4:5
I
2
3
4
5
6
7

8
9
0

L.73
.41
.88
.75
.82

.88

.94

.04

2.08 :
1.09 :
t.73 :

1.18 :

2.43 :
1.99 :
3.45 :
1.08 :
1.00 :
2.44 :

1 .9s
2.43
1.15
2.52
1.38
I .36
2.43
L.37
0 .86
L.67

2.47
2.23
0.99
0.84
1.29
0. 94
n n')
t.24
0. 56
L.69

1
0
1

1

1

1
1
I
2

43

.11

.56
,95
.89
.83
.94
.08
.30
.01
.39
.50

2
0
0
1

I
2
2
1

1
11

MEAN 1 .60 1.85 : 1.65 L.7I : 1.45

CRITERION (ß)

S 2 3 4 5

0. 30
1 .05
0.s7
0.44
0.26
0.79
1 .55
3. 10
0.72
4.34

0.34
0.75
0.30
0.47
0. 20
1 .09

111 . 11
I.I2
0.87

14.87

9
4
1

8
9
2

0.27
1 .89
0.73
0 .38
0. 98
0.44

14.89
L.24
1.11
2.33

0.45
2.L5
0.94
1.3r
0.89
0.66

14.89
L.2L
1 .00
2.O9

t4.96
1 .36
L.T2
5.44

MEAN: 1.31 : 13.11 z 2.69 2.43 z 2.56

I
1
2
3
4
5
6
7

I
9
01

0.3
1.1
0.6
0.6
0.2
0.9
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APPENDIX C - 5

SENSITIVITY AND CRITERION VALUES FOR EACH
SUCCESSIVE TEN-MINUTE TIME BLOCK FOR THE VISUAL
TASK FOR THE NONRETARDED 9 YEAR OLD SUBJECTS IN
EXPERIMENT 6

SENSITIVITY (d')

TIME BLOCK

3 4:5S

MEAN

.88

.56

.53

.11

.84

.03

.60

.27

.48

1.97
1 .58
1.98
0. 98
r.45
2.24
1.63
3.62
1.39
L.7 4

.67
o9

.14

.80

.63

.86

.45

.73

1 2

1

2
3
4
5
6
7

8
9

10

1

1

1

1

1

2
I
3
1
1

2
1
1

0
1
1

1
3
1
I

58
62

1.09 :
L.66 :
L.75 :
I.29 :
0.79 :
t.20 :
I.23 :
2.90 :
1.45 :
1.58 :

t.92
2 .08
2.23
0.91
1 .05
1 .58
1 .15
2.56
r.57
2.054L

I.77 : 1.86 : 1.84 L.49 z L.7l

CRITERION (ß)

TIME BLOCK

S

1

2
3
4
5
6
7

8
9

10

1 2 3 4:5

0.64
0.67
0.34
0. 70
0 .46
1 .04
o.26
0.01
r.37
0. s9

0.76 :
1.15 :
o.22 :
0.83 :
0.93 :
0.69 :
0.80 :

0.01 :
L.L7 :
0.64 :

1.50 :
0.8r :

0.13 :
1.00 :
r,42 :
0.62 :
1.00 :

0.r7 :
L.92 :

0.97 :

I.26
0 .84
0.L2
1 .04
r .45
1 .09
1.62
0.39
2.39
0.74

1
0
0
1
0
0
0
0
1
0

35
69

.26
<c

.76

.67

.80

.01

.57

.86

MEAN : 0.61 O.72 : 0.85 : 0.95 1 .09
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