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ABSTRACT

The ability of the hyperactive child to maintain attention on
three tasks was examined. One of the tasks, a Choice Reaction Time
Task, measured attention for brief periods, while the other two mea-
sured sustained attention. Of the latter two, one was an experimenter-
paced task(the Continuous Performance Test) and the other a self-paced
task(the Serial Reaction Task).

It was found that the hyperactive children weré no different
from the normal controls in their ability to direct their attention
for brief periods. They were however, significantly inferior to the
controls in their ability to sustain attention, particularly on the
experimenter-paced task. The effect of the stimulant drug methylphe-
nidate was evaluated and found to be effective in improving performance
on all three tests. Implications of these findings for the education

of hyperactive children were discussed.
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PREFACE

It has often been observed in the clinical literature that a
major characteristic of children labeled "hyperactive" is their
short attention span. However, to date no attempt has been made to
examine in detail the nature of the attentional deficit in these
children. Clinical observation suggests that the ability of hyperac,. -
tive children to attend for brief periods is not impaired. However,
the maintenance of attention to tasks over longer periods of time
appears to be one of their major problems.

The present dissertation therefore compared the performance of
hyperactive children with that of normal children on three tests of
attention. One of the tests required that the children attend for brief
periods. The other two tests required the children to attend for longer
periods. Of these latter two tests, one was self-paced, that is the
child could respond when he wanted,and the other was experimenter-paced
or contrclled. The latter type of task has been found with normal
adults to be more sensitive to impairments in attention than are self-
paced tasks. It was predicted that the performance of hyperactive
children would be inferior to that of control children on the self-paced,
and especially on the experimenter-paced task.

The present study also examined the effects of the stimulant
drug, methylphenidate on the performance of hyperactive children on

these three attention tasks.
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CHAPTER 1

INTRODUCTION

There is comparatively little objective information available
concerning either the functioning of hyperactive children or the
effects of the various pharmacological agents commonly used in the
treatment of these children. The available literature is mainly
restricted to uncontrolled clinical evaluations. Several years ago a
research project was started at the Montreal Children's Hospital which
involved gathering empirical data related to both the functioning of
hyperactive children and the effects of the various medications commonly
used in their treatment. The present thesis was but one part of this
larger study. Its purpose was to examine an area of behaviour which
has repeatedly been reported in the clinical literature to be deficient
in hyperactive children, namely attention. A secondary purpose was to
examine the effect of the stimulant drug methylphenidate (Ritalin) on
this behaviour.

Hyperactivity in Children

The definition and measurement of general activity level is
complex, particularly so in humans. There does not appear to be one
uniform level of activity which could be used to characterize an
individual. Rather many levels have been isolated which correspond to
the different behaviours measured (Cromwell, Baumeister and Hawkins,
1963) . Furthermore, there is little agreement on whether activity level,
defined as the amount and vigour of body movement, is a constant or a
fluctuating personality characteristic. Some investigators have
suggested that it is a stable characteristic of the individual from
infancy through at least early adulthood (Fries and Woolf, 1953; Fries,

1954) . Others have found no evidence for such constancy (Escalona and



Heider,1959; Thomas ,Birch,Chess ,Hertzig and Korn, 1963) . In spite of
all the problems with activity level as a psychological construct,
it is generally agreed that activity level may significantly affect
the course of behavioural development in children (Escalona,1968).

Children are often described as overactive, particularly by
parents and teachers. Lapouse and Monk (1958) estimated that some
fifty percent of all children between the ages of six and twelve
are described by their mother as overactive. Stewart,Pitts,Craig and
Dieruf (1966) estimated that four percent of all school age children
show an excessive level of activity sufficiently sustained such that
it is a serious source of complaint. These children have been labeled
"hyperactive" by clinicians. Hyperactivity was found to be the most
common referral problem in four child guidance clinics (Pafterson,
Jones ,Whittier and Wright,1965) and it has been estimated that forty
percent of all children referred to mental health clinics show what
is called the "hyperactive syndrome” (Rogers,Lilienfeld and Pasama-
nick,1955).

Given the problems surrounding the definition of activity level,
it is by no means surprising to find that there is little agreement
on the definition of hyperactivity. For some investigators it implies
a greater quantity of movement (Schulman,Kaspar and Throne,1965) , but
this has been questioned by others (Werry and Sprague,1969 ).

It has been suggested that the "gveractivity" of the "hyperactive
child" may be a reflection of the short attention span and rapidly
changing goal direction of such children(Cromwell ,Baumeister and
Hawkins, 1963). Thus these investigators argue that the hyperactive
child may be thought of as a child whose behaviour is "fragmented"
or disorganized and continually changing in direction, such that an

impression of a high level of activity is created. Whether



hyperactive children differ from normal children in the quantity or

in the quality of their activity is a question which must await further
advances in our understanding and measurement of activity.

Hyperactivity has often been observed in children with psychoses
(Freedman, Effron and Bender, 1955; Fish, 1960) , mental retardation
(Levy and Perry, 1949; Bair and Herold, 1955; Carter and Maley, 1957;
Tischler, Gibson, McGeer and Nuttall, 1961) and epilepsy (Bradley,1950;
Ounsted, 1955). However, it is with the group of hyperactive children
of normal intelligence who have none of these pathologies that the present
thesis is concerned. There is some evidence that these children differ
from normal children on several characteristics. Such children are said
to be continually in motion, unable to concentrate, clumsy and impul-
sive.

Statements concerning the quantity of motion usually come from
parents and teachers who complain that the child cannot sit still and
is always on the move. Hyperactive children have been found to be relia~-
bly differentiated from control children with respect to such class-
room behaviours as " purposive behaviour that is not classroom activity™
and " disorderly behaviour toward the teacher" (Douglas, Weiss and
Minde, 1969). Using as a measure of restlessness a stabilimetric cushion
similar to that used by Sprague and Toppe (1966), Sykes, Douglas, Weiss
and Minde(unpublished study) found hyperactive children to be signifi-
cantly more restless than control children during testing on an atten-
tion task. Moreover, while both groups of children showed a significant
increase in restlessness with time on the task, the increase was
greater in the case of the hyperactive children.

Evidence for a short attention span and poor concentration in these

children was found by Sykes, Douglas, Weiss and Minde (unpublished study) .

These investigators found that on a test requiring sustained attention,



namely the Continuous performance Test (Rosvold, Mirsky, Sarason,
Bransome and Beck, 1956), hyperactive children detected significantly
fewer signals than the control children.

On tests of motor development involving both gross and fine motor
coordination, hyperactive children were found to be significantly
retarded compared to their normal age mates (Douglas, Weiss and Minde,
1969) . It is possible however, that part of their poor motor performance
may be due to their impulsivity. Conners and Greenfeld (1966) found them
to have less inhibitory control over a voluntary startle response than
did a group of neurotic children. Campbell, Douglas and Morgenstern (1969)
also found that hyperactive children were more likely to respond impul-
sively than normal children on a task which required the abstraction
of a simple figure from a complex one.

Thus, there is now some objective evidence for earlier clinical
statements which described hyperactive children as restless, inatten-
tive, clumsy and impulsive. Certain other clinical statements made about
these children, however, have less clear-cut and objective evidence to
support them. These latter statements are concerned with the intellec-
fual status of such children and the "organic" aetiology of hyperactivity.

That hyperactive children may have certain intellectual deficits
is suggested by several studies which found that these children often
do poorly academically. For example, in a follow-up study of 64 hyperac-
tive children first seen five years earlier, Weiss, Minde, Douglas,
Werry and Nemeth (1969) found that 70 percent of the hyperactive chil-
dren as compared with only 15 percent of the control children had
failed at least one grade. Thirty five pehcentxof.them\hadgfailedftWaﬁor
more - ¢rades. Burks (1.960) also! found hyperactive children o e an
avoraol oL ouw srade level: helrind tleiv ape mates.:

It is tempting to attribute the poor acadanic performance of




hyperactive children to an intellectual deficit. Yet to date there is
little evidence to support such an hypothesis. There can be no doubt
that certain hyperactive children have specific cognitive and learning
deficits. Any large sample of children selected randomly from the school
population will contain a number of such children. The question is
whether a sample of hyperactive children have a higher incidence of such
deficits than a randomly selected sample of normal children. Douglas,
Weiss and Minde (1969) did find some evidence for cognitive impairment
when they gave hyperactive and normal children a battery of tests common-
ly used in the assessment of learning disabilities. Out of a total of

48 comparisons on the various tests and subtests, the hyperactive child-
ren were significaﬁtly inferior to the normal control children on seven
of them. These seven tests were: the Lincoln-Oseretsky Motor Development
Scale, the Goodenough Draw-a-Man Test, the Bender-Gestalt Visual Motor
Test, the Eye-Motor Coordination subtest and the Total Score of the
Frostig Developmental Test of Visual Perception, and the Auditory Deco-
ding and Auditory-Vocal Automatic subtests of the Illinois Test of
Psycholinguistic Abilities. These findings suggest that hyperactive
children have problems in the areas of visual-motor performance and
motor coordination. However, it is notable that the hyperactive child-
ren showed no impairment on the remaining 41 comparisons. Freibergs

and Douglas (1969) have also found no difference between the performance
of hyperactive and normal children on a concept attainment task under
continuous reinforcement. The hyperactive children were, however,
significantly inferior to the control children on the same task under
partial reinforcement. In view of the findings of Freibergs and Douglas
(1969) and Douglas, Weiss and Minde (1969), it seems more plausible

that motivational or attentional difficulties, rather than cognitive

difficulties alone, may be responsible for the poor academic performance



of hyperactive children. Furthermore, as Levy (1959) and Freibergs(1965)
have suggested, the poor academic performance of these children may
also he due to their restlessness as well as their inattentiveness
during formal teaching. It was the purpose of the present thesis

to examine systematically one of these hypotheses,'hamely that
hyperactive children differ from normal children in ability to keep
their attention on a task over a long period.

Just as there is little evidence for an intellectual defiecit in
these children, there is also little support for tle hypothesis of
organic impairment. Although the majority of psychiatric reports on
hyperactive children have offered an organic explanation of hyperactivity
(Knobel ,Wolman and Mason, 1959; Clements and Peters,1962; Clements,1966),
evidence for gross brain damage in these children has not yet been
found. Consequently the term "minimal cerebral dysfunction” (MacKeith
and Pax, 1963 ) has been advanced to describe them. This term is
meant to imply that the biological dysfunction or "damage", if any,
is of a minimal or obscure nature; for example, some sort of biochemical
irregularity or pre- or para-natal brain insult.

In an attempt to investigate the hypothesis of organic impairment,
hyperactive and normal children have been compared with respect to
their neurological and electroencephalographic status and the incidence
in their life histories of pre- and para-natal factors thought to be
associated with damage. The evidence for neurological impairment is
sparse. No differences in neurological status were found between a
control group and a mixed group of children with behaviour disorders,
hyperactivity and learning problems (Stevens, Sachdev and Milstein, 1968).
Out of a total of 140 neurological signs, hyperactive children were
found to be inferior to control children on only seven items (Werry,

Weiss, Dogan, Minde and Douglas, 1969). All seven signs were minor or



"soft" signs and six of them were related to motor coordination.

Various investigators have found an incidence of abnormal EEGs
ranging from 35 to 50 percent in hyperactive children and in mixed
groups of hyperactive and behaviour problem children (Werry, Weiss
and Douglas, 1964; Werry, Weiss, Dogan, Minde and Douglas, 1969; Stevens,
Sachdev and Milstein, 1968). These studies have, however, differed
with respect to the incidence of abnormal EEGs found in their normal
control groups such that it is difficult to draw conclusions concerning
the EEG status of hyperactive children relative to normal children.

For example, the Stevens et al. study and the studies referred to in

t heir article found an incidence of EEG abnormalities ranging from

7 to 19 percent in their control samples. The Werry et al. studies,

on the other hand, found the incidence of EEG abnormality in control
children to be similar to that of the hyperactive children, namely
between 35 and 50 percent. It is possible that the different procedures
used by these investigators in selecting their control subjects may
account for their different results. In the studies by Werry et al.

the EEG records of normal children who had received an EEG examination
on admission to hospital for medical reasons were used. In contrast, the
Stevens et al. control group was selected directly from the normal
school population.

There is also no strong evidence for a higher incidence, in
hyperactive than in normal children, of pre- and para-natal factors
thought to be associated with damage. No differences were found
between hyperactive and control children when mothers were gquestioned
about complications of pregnancy, delivery and post-natal development

(Werry, Weiss and Douglas, 1964; Stevens, Sachdev and Milstein, 1968).

Using hospital records rather than mothers' reports, Minde, Webb and

Sykes (1968) also concluded that there was little evidence for the



hypothesis that chronic hyperactivity was the result of complications
of pregnancy and delivery.

Thus, the evidence for central nervous system damage or dysfunc-
tion derived from neurological, EEG and birth data is insufficient to
warrant any firm conclusions concerning the organic aetiology of
hyperactivity. The studies which support this view generally depend
for their evidence on minor or "soft" signs, the significance of which
is unclear and contentious at the present time. The only reasonably
direct evidence for central nervous system dysfunction in hyperactive
children was provided by Laufer, Denhoff and Solomons (1957) . These
investigators found that the photo-metrazol threshold of these children
was significantly lower than that of non-hyperactive children. On the
basis of Gastaut's (1950) suggestion that an abnormally low photo-metra-
20l threshold is indicative of diencephalic dysfunction, Laufer et al.
hypothesized that the dysfunction of hyperactive children may lie in the
diencephalon. However, the study of Laufer et al. has never been
replicated. Consequently further data must be collected before any defi-
nite statements can be made concerning either the existence or the nature
of the dysfunction in hyperactive children.

Effects of Drugs on Hyperactive Children.

In the treatment of hyperactivity in children, pharmacology has
assumed the major role, although behaviour modification techniques
have been used with some success (Patterson, 1964; Patterson, Jones,
Whittier and Wright, 1965; Doubros and Daniels, 1966) . A number of
authors have suggested that the stimulant drugs, particularly the
amphetamines and methylphenidate, are the most useful in the treatment
of hyperactivity (Laufer and Denhoff, 1957; Weiss, Werry, Minde, Douglas
and Sykes, 1969; Weiss, Minde, Douglas, Werry and Sykes, 1969; Millichap

and Fowler, 1967).




The amphetamines have produced several kinds of changes in hyper-
active children. Laufer, Denhoff and Solomons (1957) found that the
abnormally low photo-metrazol threshold of their group of hyperactive
children was returned to a normal level by the drug amphetamine. Other
studies have demonstrated a beneficial effect at the behavioural level
from the amphetamines, particularly with dextro-amphetamine sulphate.
Dextro-amphetamine has been found to reduce motor restlessness in hyper-
active children as measured by a stabilimetric cushion (Sprague, Werry
and Scott, 1967) or by behavioural ratings (Zrull, Westman, Arthur and
Rice, 1964; Weiss, Werry, Minde, Douglas and Sykes,1969; Conners and
Rothschild, 1968). Hyperactive children have also been found to make
fewer impulsive errors (Eisenberg, Conners and Lawrence, 1965; Epstein,
Lasagna, Conners and Rodriguez, 1968; Connors and Rothschild,1968),
to be less distractible (Weiss, Werry, Minde, Douglas and Sykes, 1969),
and to make fewer errors on a discrimination task (Eisenberg, Conners
and Lawrence, 1965; Conners, 1966) when treated with dextro-amphetamine.

The effect of dextro-amphetamine on more complex functions which
involve higher processes such as learning and intellectual performance
is unclear. In a review of the amphetamines, Freeman (1966) came to the
conclusion that it is not yet possible to state with any certainty what
effect these drugs have on learning in children. Dextro-amphetamine was
found to have no effect on the memory and complex task performance of
a group of children with learning disabilities and school behaviour
problems (Conners, Eisenberg and Barcai, 1967). Nor have reliable changes
been produced with this drug on a battery of cognitive tests given to
hyperactive children (Weiss,Werry, Minde, Douglas and Sykes, 1969;
Millichap and Fowler, 1967).

Related to the amphetamines is the stimulant drug methylphenidate

(Ritalin). It is the effect of this drug on the sustained attention of
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hyperactive children that is examined in this thesis.

Methylphenidate.

Methylphenidate is chemically related to the amphetamines (Jacobson,
1960) . Both the amphetamines and methylphenidate are classed as central
nervous system stimulants (A.M.A., 1958). Methylphenidate, however, is
regarded as a mild cortical stimulant somewhere between caffeine and
the amphetamines with respect to action (Drill, 1958). It is said to have
few peripheral vascular or sympathetic effects (Lytton and Knobel, 1959;
Jacobson, 1960) and no pulse and heart rate effects {Carter'and Maley,
1957) . This latter statement is questionable since Knights and Hinton
(1969) and Cohen, Douglas and Morgenstern (1969) found significant -
increases in the heart rate of hyperactive children who were given methyl-
phenidate. Little 1is known as yet about the specific mode of action of
methylphenidate for it was synthesized as recently as 1954 (Meier, Gross
and Tripod, 1954). However, insofar as it is chemically related to the
amphetamines it is possible that its mode of action is similar to theirs.

While the precise mode of action of the amphetamines is also
largely unknown, there is some suggestive evidence. A recent study by
Carr and Moore (1969) found that dextro-amphetamine released norepineph-
rine in the brain of cats in vivo. How the norepinephrine was released
is uncertain. The drug may either release the chemical from the nerve
terminal or it may act by blocking the reuptake of the chemical. Further-
more, the authors point out that the released norepinephrine may not
arise solely from neurons containing the catecholamines, for norepineph-
rine is probably taken up by other structures as well. Stein and Wise
(1969) also found amphetamine released norepinephrine in the brain.

Their findings suggest that amphetamine may have a regional specificity.
They found that while amphetamine increased the concentration of norepi-

nephrine in the amygdala it did not do so in the hypothalamus. Both Carr
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and Moore (1969) and Stein and Wise (1969) believe that the release of
norepinephrine by the amphetamines was a true physiological effect and
not merely an artifact of the methods used.

A further question arises as to whether norepinephrine acts as a
transmitter substance in the brain. Stein and Wise (1969) and Wise and
Stein (1969) suggest that norepinephrine is a central transmitter des-
pite the lack of conclusive evidence. They found that self-stimulation
in the medial forebrain bundle released norepinephrine. Also the sys -
temic administration of norepinephrine facilitated self-stimulation when
there was reason to believe that the functional reservoir of norepineph-
rine was depleted. It is concluded, with due caution, that the stimu-
lating effects of the amphetamines may be mediated by increasing the
concentration of norepinephrine available for transmission.

To return to methylphenidate, the most obvious behavioural effect
of this drug on animals is to increase general activity level. This
finding has been replicated with a variety of measures including direct
observation of the animal's activity (Bindra and Baron, 1959; Mendelson
and Bindra, 1962; Bindra and Auchel, 1963), the tilt cage (Fregly and
Black, 1964), the spring cage (Kabara and Riegel, 1965), photoelectric
cells (Millichap and Boldrey, 1967) and the locomotor wheel and Y maze
(Marriott, 1968). Methylphenidate has been found to increase operant
responding with schedules of reinforcement that produce low levels of
response and to decrease response rate under schedules that lead to
high rates of response (Stretch and Dalrymple, 1968).

The effect of methylphenidate on the avoidance responses of rats
depends upon the nature of the avoidance response specified by the
investigator (Thompson and Shuster, 1968). When the required avoidance
response was immobility, methylphenidate reduced avoidance behavinur by

increasing activity (Bindra and Auchel, 1963). When the avoidance
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behaviour was an active response then avoidance was facilitated by
methylphenidate (Stretch, Blackman and Alexander, 1966; Stretch and
Skinner, 1967).

It might be speculated that the drug-induced changes mentioned
above were the result of an increased sensitivity to environmental
stimuli. Mendelson and Bindra (1962) noted that the increase in general
activity with methylphenidate was reflected mainly in the repeated
sniffing of the apparatus by the animals. This interpretation has also
been offered by Plotnikoff and Fitzloff (1963).

Whereas methylphenidate has been reported to increase activity
level in rats, it apparently has the opposite effect in hyperactive
children. Activity as measured by a parental rating scale was reduced
in hyperactive children.(Weiss, Minde, Douglas, Werry and Sykes, 1969;
Knights and Hinton, 1969). The drug also reduced motor restlessness
while the child was seated (Sprague,Barnes and Werry, 1968) . Methyl-
phenidate is also reported to have produced a non-significant reduction
in activity as measured by an actometer strapped to the wrist, in
children with hyperactivity and learning problems (Millichap, Aymat,
Sturgis, Larsen and Egan, 1968). The authors suggested that if the
recording time had been longer, the reduction in activity might have
reached significance.

Methylphenidate has also reduced troublesome social behaviours
(Conners and Eisenberg, 1963; Sprague, Barnes and Werry, 1968), improved
attention to class work and teacher-pupil contacts (Sprague, Barnes and
Werry, 1968) and increased verbal productivity (Creager and Van Riper,
1967) . Also,impulsivity has been reduced (Conners, Eisenberg and Sharpe,
1964; Eisenberg, Conners and Lawrence, 1965; Campbell, Douglas and Morgen-
stern, 1969; Sykes, Douglas, Weiss and Minde, unpublished study) and

attention to tasks increased (Knights and Hinton, 1969; Sykes, Douglas,
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Weiss and Minde, unpublished study) .

The effect of methylphenidate on more complex behaviours is not
so clear. No effect was found on the performance of emotionally dis-
turbed children on a paired-associate learning task (Conners, Eisenberg
and Sharpe,l964) . However, on a one-trial learning task with hyperactive,
emotionally disturbed boys, there was a significant reduction in both
errors and response latencies with the drug (Sprague, Barnes and Werry,
1968) . On the Wechsler Intelligence Scale for Children, Douglas, Weiss
and Minde (1969) found that the Full Scale, Verbal Scale and the Simi-
larities subtest were improved in hyperactive children with the drug.

In contrast, Knights and Hinton (1969) found a drug effect on the Per-
formance Scale and the Coding, Picture Completion and Block Design sub-
tests in a similar group of children.

To summarize, it is thought that methylphenidate may act by enhan-
cing inhibitory controlling mechanisms or by exerting a general alerting
effect (laufer, Denhoff and Solomons, 1957; Conners, Eisenberg and
Sharpe, 1964). Behaviourally, methylphenidate has been found to reduce
motor restlessness, impulsivity and troublesome social behaviours in
hyperactive children. No conclusions can be drawn at the present time
with respect to its action on higher processes such as learning and
intellectual abilities.

Given the many ditferent aspects of behaviour affected by the
drug, it is possible that the effect of methylphenidate may be to
improve the general ability of hyperactive children to maintain atten-
tion to task-relevant material rather than to improve their perfor-
mance in specific cognitive areas. For this reason, one of the interests
of the present thesis was to examine the effect of methylphenidate on

a variety of tests of attention.
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Attention

The majority of behaviours investigated by psychologists involve
attention to some degree. Certainly attention has been a topic of
perennial interest in psychology. However, as Treisman (1964) points out,.
the earlier investigations of attention which used the introspective or
subjective method were largely unsuccessful. It was nbt until recent
years, with the emphasis on man és an information-handling system, that
substantial progress in the understanding of attentive phenomena was
made. This increasing interest in the study of attention has led to
investigations not only of its neural ‘substrates but also of its behavio-
ral aspects. Investigators are now placing increasing emphasis on the
role of attention in the development of infants and young children
(Flavell and Hill, 1969), in the pathogenesis of mental retardation
(Zeaman and House,1963) and in cognitive development (Jeffrey, 1968;
Fellows, 1968). The field of attention is rapidly expanding and the
amount of literature is already considerable. The present author is
therefore highly selective in the material presented in this brief
review, the main focus of which concerns the factors involved in
sustained attention.

The model of attention used in the present study is the one pro-
posed by Broadbent (1958). Basically Broadbent's main point is that
since an individual has a limited capacity to process information, there
must be some selection from among competing stimuli. Broadbent concep-
tualizes this selection process in terms of the screening of incoming
material by a filter. Certain material is passed by the filter into a
limited-capacity channel and up to higher centres , while other material
is either excluded by the filter, or re-routed to a short-term memory
store where it can be held for a brief period of time. Thus selection in

Broadbent's model is on the input or sensory side. Other investigators
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have questioned whether material is indeed excluded or blocked by such

a filter. Treisman (1960) suggests that rather than blocking material,
the filter may attenuate or lessen the influence of the meaning of
competing messages. In other words, the informational content of
competing messages may not be immediately excludedbut may rather be sub-
jected to a hierarchy of tests. For example, importance to the individual
might be one of the factors determining whether the informational con-
tent of the competing message is perceived.

Other modifications of Broadbent's model of attention have been
proposed by Neisser (1967) and Norman (1969). Such modifications tend
to be concerned with whether the unattended stimulus is blocked by the
filter (Broadbent), not analysed or synthesized (Neisser), or attenua-
ted at some higher level (Norman). Nevertheless, despite their differe-
nces all of these investigators agree that when attention is paid to
one stimulus source, the individual is not usually aware of the nature
or the content of the stimulus from an unattended source. All agree
that the ability to divide attention, that is the ability to attend to
two or more things at the same time is quite limited. Only when the
informational content of the two messages is quite low can individuals
attend to them both at the same time.

Usually however, rather than attending to one source alone and
ignoring the other(s), people tend to switch from one source to another
very rapidly. Such switching may occur not only "voluntarily” but also
"involuntarily". It is a common experience for people to he "distracted"
by passing sights, sounds and irrelevant thoughts. To quote Neisser (1967):

"In waking life also, a hundred or a thousand "thoughts"
appear briefly and are gone again even when we are
primarily engaged in purposeful activity. The extent to
which these fleeting thoughts are developed, and are per-
mitted to interrupt the main direction of mental activity,

varies from person to person and from time to time. For
the most part, tley are immediately Forgotten, like Tle
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dreams they so strongly resemble. Occasionally

they interrupt ongoing activity, and we recognize

a "mental block',a ."lapse of attention™, or a

"Freudian slip". (p.298).

Both characteristics of the individual and of the task itself
have been found to be related to the frequency of such lapses and to

the length of time attention can be maintained on a task. Neisser (1967)
notes that there are individual differences in the degree to which
fleeting thoughts interrupt a subject’'s ongoing mental activity or sus-
tained attention. Lewis, Bartels, Campbell and Goldberg (1967) present
evidence which suggests that such individual differences in ability to
sustain attention may be present in the first year of life and may be
related to the neurological condition of infants at birth. More speci-
fically, these investigators found that infants with scores of seven,
eight or nine on the Apgar scale, which rates an infant's neurological
condition at birth, had significantly shorter fixation times to various
task stimuli during the first year of life than did infants with high
scores of 10 (perfect condition). The stimuli used were a matrix of
moving lights and a film-strip of face-like figures. Ability to maintain
attention and to exclude task-irrelevant stimuli has also been found to
improve with age, at least from infancy to early adulthood (Grim, 1967;
Elliot, 1964,1966; Maccoby and Konrad, 1967; Hagen and Sabo, 1967).

As for task variables, efficiency of attention has been found to
be related to both the length and the pace of the task. Broadbent
explains lapses in attention, or mental blocks which occur with time on
the task, in terms of novelty. By novelty he means not merely the
unusual event, the loud noise, the sudden movement, etc., but also
material which has not recently been passed through the filter as
compared to material that has just been processed. In Broadbent's terms,

mental blocks or lapses in attention occur as a result of the filter
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switching momentarily from one class of events to another containing
more novel information. Such momentary lapses in attention have been
found to increase with time on the task (Broadbent, 1958).

The importance of novelty in determining both the focus and
duration of children's attention and their reaction times to stimuli
has been demonstrated by Endsley (1967), Lewis, Goldberg and Rausch
(1967) and Witte and Cantor (1967). Briefly, Endsley (1967) found that
the more exposure pre-school children had to familiar toys the more
likely they were to select new or novel ones, while Lewis et al. (1967)
found that familiar toys regained their interest for the children
after they had repeatedly been exposed to the new ones. Witte and Cantor
(1967), furthermore, found that children's lever pulling responses were
faster to novel than to familiar stimuli. That novelty is an important
factor in determining both the direction and duration of attention is
well documented (Berlyne, 1958; Fantz, 1964).

The pace, as well as the duration of the task, has been found to
influence the efficiency of sustained attention. Many tasks do not
require that an individual maintain his attention to them continually
until they are completed, but rather permit the individual to take
"time-out" for short periods and then return and take it up again where
he left off. For example, an individual when reading can stop for a
moment and go for a drink or talk to somebody and then return to his
reading. Activities such as these do not necessarily show any decline
in efficiency even though the individual may continue them for many
hours. In contrast, certain other simple tasks may show an impairment
in efficiency with time spent on the task. An example of such a task
is one which requires the individual to monitor a screen and report
the occurrence of events or signals that appear at uncertain intervals.

In this type of vigilance task, the detection of signals invariably
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declines over time. Broadbent (1958) has labeled the former type of
task "self-paced" and the latter "experimenter-paced". The main dif-
ference between these two types of task is that on the experimenter-
paced task the individual cannot regulate the appearance of the signals
and thus control for his fluctuating attention as he can in the self-
paced task. If the signal is of short duration and if it is coincident
with a brief lapse in the attention of the observer, then the signal
will not be reported. If however, the observer is allowed a brief rest
from the task, or if the monotony of the task is reduced by a telephone
call from the experimenter, then the decline in the detection of signals
can either be stopped or reduced (Mackworth, 1968).

Several factors have been found to influence the efficiency of
attention on experimenter-paced or vigilance tasks. In the usual vigi-
lance task, signals have to be detected against a background of non-
signal events. Detection rate has been found to depend both on the
background event rate (Mackworth, 1968) and the expectancy of the obser-
ver concerning the probability of signals (Colquhoun and Baddeley, 1967).
Furthermore, the length of time on the task is also related to efficiency
of detection and number of false alarms (when a non-signal event is
reported as a signal). Jerison (1967) has suggested that both the detec-
tion and false alarm rate might be explained in terms of changes in both
the type and frequency of observing responses.

According to Jerison, Pickett and Stenson (1965), observing .
responses may be divided into three types, alert, blurred and distracted.
In the blurred condition there will be a decrease in sensitivity, that
is a change in the ability to distinguish between signal and non-signal
events. In the distracted condition the observer will not actually ob-
serve the signal or, as several investigators have found, the signal

may be fixated without being seen by the observer (Baker, 1960;
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Mackworth, Kaplan and Metlay, 1964; Schroeder and Holland, 1968
Schroeder and Holland (1968) report that the slower the signal rate

and the longer the time on the task, the greater the incidence of these
"blind spots™.

Mackworth (1968) has speculated about the physiological mechanisms
underlying the decline in performance on vigilance tasks. Briefly, she
suggests that there are two neural mechanisms involved. One is the arou-
sal response or alpha block and the other the evoked potentials produced
by the background or non-signal events. She suggest that habituation of
the arousal response will decrease sensitivity or the ability to dis-
tinguish between signal and non-signal events, whereas habituation of
the evoked potentials will result in a decrease in the number of detec-
tions and false alarms.

In the present investigation, the model of attention adopted
was that of Broadbent. To summarize, Broadbent suggests that because
man has a limited capacity to process information there must be Selec-
tion. The ability to pay attention to a certain class of stimuli for
any length of time is limited, since attention fluctuates. There are
individual differences with respect to this ability which may be rela-
ted to both birth conditions and genetic factors. Age is another fac-
tor which influences the ability to maintain attention. Momentary lapses
of attention to the task at hand are thought to be the result of a
switch of attention from task-relevant to task-irrelevant stimuli.

As time on the task increases, the frequency of such switches increases.
Certain types of task are more sensitive than others to such fluctua-
tions in attention. More specifically, a self-paced task, that is one
where the individual can regulate the flow of information to correspond
with his fluctuating attention, does not necessarily show any impairment

with time. On the other hand, an experimenter-paced task, or one in which
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important information arrives at unpredictable times, is more suscep-
tible to fluctuations in attention.

In the light of the above, the present author selected certain
tests which would measure different aspects of attention in hyperactive
children. It was predicted that hyperactive children would have no
problem in directing their attention for brief periods of time but that
they would have difficulty in maintaining attention for longer periods.
It was also expected that they would have less difficulty with a self-
paced than with an experimenter-paced task. Consequently three tasks
were selected to measure different aspects of attention, namely the
Choice Reaction Time Task, the Serial Reaction Task and the Continuous
Performance Test.

Choice Reaction Time Task.

The Choice Reaction Time Task was chosen to measure the ability
of hyperactive children to attend for brief periods. Basically, reaction
time tasks measure the length of time required for a subject to respond
to a stimulus after he has been warned in some way that it will appear.
Thus the period of atteﬁtion required is very brief, namely from the
time the subject is told to pay attention until the stimulus appears.
Tasks involving a number of such trials are usually referred to as
"simple" reaction time tasks.

The task can be made more complex by increasing the number of
stimuli to which the subject has to react. In this type of task, usually
referred to as "choice" reaction time, the subject is required to make
a particular response to each of the several stimuli as fhey appear.
This situation makes it possible to examine the effect on reaction time
of increasing the number of relevant stimuli and their appropriate
responses, as well as the effect of introducing additional "irrelevant"

or distracting dimensions into the stimuli.
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Reaction time has been found to vary with the age of the child
(Luria, 1932; Hohle, 1967; Elliot, 1964,1966; Grim, 1967), the number
of responses or "choices" available (Hohle, 1967; Smith, 1968) and the
length and regularity of the interval between the warning and the onset
of the stimulus (i.e., preparatory interval) (Hohle, 1967).

Several investigators have conducted studies designed to show that
the improvement found on these tasks with increasing age is the result
of improved attention and not of other factors such as improved motor
coordination or motivation (Slater-Hammel, 1953; Henry, 1952, as cited
by Hohle, 1967; Elliot, 1964).

It seemed reasonable to hypothesize in the present study that
hyperactive children would be no different from normal children in
their ability to pay attention for brief periods of time on a choice
reaction time task when they were continually oriented to the task by
the experimenter. This hypothesis was based on clinical observation of
the behaviour of hyperactive children while they were performing on
cognitive tests (Douglas, Weiss and Minde, 1969). In this one-to-one
situation, where they were continually oriented to the test items and
allowed frequent breaks by the examiner, hyperactive children could do
as well as normal children on most of these tests. In other words, their
attention for short periods did not appear to be impaired. Consequently,
their reaction times to stimuli which appeared after brief intervals were
not expected to differ from those of normal children.

The task used also made it possible to break down the reaction
times into two components and compare them in hyperactive and normal
children. The first component labeled "simple" reaction time was the
length of time the subjects tock to note the onset of the stimulus and
to lift their finger off the button. The second component or "choice™

reaction time involved the length of time from the pppearance of the
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stimulus and the recognition of its identity to the selection and im-
plementation of the correct response. Division of reaction time into
these two components made it possible to determine whether hyperactive
and normal children differed with respect to (a) stimulus onset reaction
time and (b) choice reaction time.

The reaction times of hyperactive and normal children were compared
in the present study under three conditions, namely when (a) two stimuli,
(b) four stimuli and (e) four stimuli with an irrelevant dimension were
presented. These conditions were chosen in order to determine whether an
increase in the amount of relevant or irrelevant information to be pro-
cessed would have differential effects on the reaction times of hyper-
active and normal children.

Serial Reaction Task.

The Serial Reaction Task (S.R.T.) was chosen to measure the
ability of hyperactive children to sustain attention over a prolonged
period of time on a task which was essentially self-paced. The S.R.T.
consists of a series of lights which are arranged in a horizontal row
with a response button directly underneath each. The subject is required
to extinguish the lights as they appear by pressing the button corres-
ponding to the light. As one light is turned off, another immediately
comes on. Thus the task requires continuous work but the subject is
able to work at his own pace, although he is usually instructed to work
as quickly as he can.

It is generally found that when the task lasts for ten minutes or
more, there is a decline during the first five minutes in the number
of correct responses made, and an increase in the incidence of incorrect
responses. An incorrect response is one where the subject presses a
button corresponding to a light that is not on. After the initial decline

there is usually a stable rate of responding for the remaining five
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minutes (Herrington, 1967). Furthermore, the rate of responding is not
regular but is punctuated by discrete gaps otherwise known as "blocks"
(Bills, 1931,1964) or "involuntary rest pauses" (Herrington, 1967).
Bills (1931) was one of the first to investigate such "blocks" in con-
tinuous work. The tasks he used were alternate addition and subtraction,
reversible perspective, colour naming, opposites and substitutions. His
description of blocks is worth quoting.

"(1) In mental work involving considerable homogeneity and
continuity there occur, with almost rhythmic regularity,
blocks or pauses durlng which no response occurs. These
blocks occupy the time of from 2-6 responses. They have
an average frequency of about three per minute, although
individuals differ in this respect. (2) Practice tends to
redube. the,frequency aidusize.bf thechkocK8){3)iFatiguad
tends. to:.increase. the: frequencyuandv51ze~ofJ¢he blocksiyci..
producing a greater irregularity in the flow of responses
without reducing the actual number of responses per minute
to any extent, over periods up to one hour. (4) The res-
ponses between the blocks tend to bunch toward the center,
so that a regular wave-like effect of rarefaction and
condensation, alternating, is produced.....Fatigue tends
exaggerate the bunching. (5) Individuals who respond
rapidly tend to have less and shorter blocks than slow
individuals. (6) There is a consistent tendency for
errors to occur in conjunction with blocks, suggesting
that the cause of errors lies in the recurrent low con-
dition of neural functioning which the blocks reveal".
(Bills,1931, pp. 2u43-2ui).

A number of authors (e.g., Herrington, 1967; Claridge, 1967)
have interpreted performance on the S.R.T. in terms of Eysenck'é theory
(Eysenck, 1962). Briefly, the theory states that the initial level of
performance on the task, or more specifically the rate of correct res-
ponding during the first minute or two, indicates the level of positive
drive. The decline seen in the rate of correct responding is said to
be a measure of the accumulation of reactive inhibition which causes
both the involuntary rest pauses and the errors. The brief pause
dissipates the reactive inhibition so that responding can continue
until the accumulation of reactive inhibition again produces a pause.

Reduction of reactive inhibition during the pauses is said to reinforce
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the occurrence of the rest pauses such that a conditioned association
is formed. Thus, the incidence of rest pauses and errors is thought to
be a function of both reactive and conditioned inhibition (Herrington,
1967).

Broadbent (1958) has discussed the S.R.T. in terms of his filter
model and has criticized the "reactive inhibition" explanation. If
peactive inhibition is understood to mean inhibition of motor responding
with repetition of the same response, then such an explanation could not
account for many of the findings obtained when subjects are given contin-
uous work. For example, Broadbent noted that it was difficult to produce
a decrement in performance on a task which required merely muscular effort
unless that muscular effort was very great, for example, lifting heavy
objects as against a simple finger movement. Furthermore, Broadbent
pointed out that an error on the S§.R.T. is not the result of motor inhibi-
tion since an error is a perfectly well-coordinated response but one
which does not correspond to the stimulus presented. According to Broad-
bent this failure in information processing occurs not because of "per-
ceptual inhibition", but rather because task-irrelevant or novel stimuli
are occupying the perceptual mechanism and preventing the task-relevant
information from getting through.

The period when task-irrelevant rather than task relevant infor-
mation is passed through the system is usually referred to as a block.
That a block has occurred is evident from §'s response record since either
no response occurs for a short period or else one or more errors are made.
In fact the evidence suggests that the incidence of errors rather than
the rate of correct responding is a more sensitive measure of the occur-
rence of blocks. Both Bills (1931) and Broadbent (1953) have found that
error rate, but not rate of correct responding, is affected by conditions

thought to be conducive to the occurrence of blocks (e.g., noise or
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fatigue). According to Broadbent, the reason that rate of correct res-
ponding on the S.,R.T. is not highly correiated with the occurrence of
blocks is that the S.R.T. is a self-paced task. Consequently the subject
can make up for any momentary reduction in efficiency by responding
gquickly and accurately in between blocks. However, if the S.R.T. is made
into an experimenter-paced task by presenting the stimuli at a rate
independent of the subjects' responses, the rate of correct responding is
found to decline with time on the task and to reflect the occurrence of
blocks (Broadbent, 1953).

In view of the clinical literature which describes hyperactive
children as "distractible™ that is, more likely to pay attention to
task-irrelevant information, it was hypothesized that the S.R.T. perfor-
mance of hyperactive children would be significantly worse than that of
normal children. More specifically it was hypothesized that hyperactive
children would make a greater overall number of errors on the S.R.T. than
would normal children and that although errors would increase with time
on the task for both groups, the rate of increace would be greater for
hyperactive than for normal children. Because number of correct responses
has been found not to be a good measure of the occurrence of blocks,it
was not expected that the two groups of children would differ on this
measure.

Continuous Performance Test.

The Continuous Performance Test (C.P.T.) is an experimenter-paced
vigilance task which can be presented in either visual or auditory form.
The studies to be described belew have used the visual form. In this
task a series of letters are presented one at a time on a screen and the
subject is required to monitor the screen continuously and to make a
response whenever a certain specified stimulus appears. Usually the

significant stimulus is the letter X or the letter X when preceded by



26

the letter A. The occurrence of the significant stimulus is unpredic-

table and all of the stimuli appear quite rapidly and for a very short
time., Usually the stimuli appear at intervals of 1.0 second and are of
0.2 second duration. Such a task requires sustained attention, usually
for ten minutes or more. Because this is an experimenter-paced rather
than a self-paced task, lapses in attention coincident with the appea-
rance of the significant stimuli are readily reflected in vhte of correct
responding as errors of omission.

The majority of the investigations with this test have been done
by Mirsky and his colleagues, who have been concerned wikh the speci-
fication of the neural correlates of impaired performance. Their essen-
tial hypothesis is that accurate performance on the C.P.T. is depen-
dent mainly on the integrity of certain sub-cortical areas, particularly
the midbrain and reticular formation. Support for such an hypothesis
comes from three sources, namely from experiments with sleep-— deprived
subjects, from those using brain-damaged and epileptic patients and
from studies of the effects of various drugs on this task.

Because sleep and wakefulness or alertness are known to be regu-
lated an part at least, by subcortical mechanisms (Mirsky and Rosvold,
1960; Mirsky and Cardon, 1962), Mirsky concluded that the poorer C.P.T.
performance of sleep-deprived subjects indicated that correct responding
on the task was related to the state of subcortical mechanisms. More
specifically, the performance of normal individuals deprived of sleep
for up to 72 hours was impaired on the C.P.T. but was much less impaired
on a self-paced task (Kornetsky, Mirsky, Kessler and Dorff, 1959; Mirsky
and Cardon, 1962). Moreover, the degree of impairment was directly

related to the amount of sleep deprivation. It appears that the effect

of sleep deprivation is to increase the frequency of "blocks" or

"lapses™ in attention (Williams, Lubin and Goodnow, 1959) which, as has
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previously been discussed, reflect themselves in rate of correct res-

ponding in experimenter-paced more than in self-paced tasks.

Having observed that hypersynchronous (high amplitude) activity
similar to that seen in the EEG records of sleeping subjects also
characterized the EEG records of brain-damaged individuals, Rosvold,
Mirsky, Sarason, Bransome and Beck (1956) reasoned that the C.P.T.
performance of brain-damaged individuals should be impaired. They did
in fact find significant differences between the C.P.T. performance. of
a brain-damaged and a matched control group, although these two groups
did not differ significantly on other more conventional self-paced tests
of attention (e.g., Digit Span and Digit Symbol Substitution Test of the
Wechsler-Bellevue) . Also, patients with centrencephalic epilepsy perfor-
med more poorly on the C.P.T. than did patients with focal epilepsy
(both temporal and frontal lcbe foci) (Mirsky, Primac, Marsan, Rosvold
and Stevens, 1960; Lansdell and Mirsky, 1964). Furthermore, unilateral
temporal lobe ablation, that is the removal of mainly cortical tissue,
produced no impairment on the C.P.T. (Lansdell and Mirsky, 1964). In
view of the fact that Penfield and Jasper (1954) have suggested that
centrencephalic epilepsy is subcortical and focal epilepsy cortical in
origin, these findings suggest that subcortical dysfunction is related
to poor performance on the C.P.T.

The final line of evidence relating C.P.T. performance to the
integrity of subcortical mechanisms comes from drug studies carried
out by Mirsky and his colleagues. Several studies have found that the
C.P.T. performance of normal subjects was impaired to a greater extent

than their Digit Symbol Substitution Test performance when they were

given chlorpromazine. This drug is a central nervous system depressant
believed to act on subcortical structures especially the reticular

formation (Mirsky and Kornetsky, 1964; Kornetsky, Humphries and Evarts,
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1957; Mirsky,Primac and Bates, 1959). In contrast performance of sub-
jects on the Digit Symbol Substitution Test was impaired to a greater
extent than performance on the C.P.T. when they were given lysergic
acid, secobarbital, meprobamate and phenobarbital (Mirsky and Rosvold,
1960; Townsend and Mirsky, 1960). These latter drugs are thought to
have their major effect on cortical structures (Mirsky and Rosvold,1960;
Mirsky and Kornetsky, 196W4).

The exact reason for failure to detect significant stimuli on the
C.P.T. is not yet known although the question is currently being investi-
gated (cf. Mirsky and Rosvold, 1963; Mirsky and Tecce, 1968) . It has
been observed that errors of omission by centrencephalic patients on the
C.P.T. frequently coincide with the paroxysmal burst of three-per-second
spike and wave activity said to be characteristic of this disorder.
However, errors of omission may also occur when there is no observable
discharge or even when there appears to be EEG "alerting" (Mirsky and
Rosvold, 1960). In view of these findings Mirsky and Van Buren (1965)
suggest that the 'attentional deficit and the gpike and wave activity
noted in the EEG are possibly separate symptoms of centrencephalic
epilepsy each regulated by independent neural mechanisms.

In summary, it appears that there is some evidence to suggest that
accurate performance on the C.P.T. is at least partly dependent upon
the integrity of sub-cortical structures. However, at present there is
little definite knowledge about either the exact role that sub-cortical
structures play in the maintenance of alertness or the exact sites
and modes of action of many of the drugs used in the above studies.

Because distractibility, or a high freguency of momentary lapses
in attention to a task, is considered, clinically, to be a core symptom
of hyperactivity, it was expected that hyperactive children would be

poorer on the C.P.T. than normel children. The current suspicion that
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these children suffer from an impairment in sub-cortical rather than
cortical structures (e.g., the diencephalon, Laufer,Denhoff and Solomons,
1957) would also predict that their performance on the C.P.T. would

be impaired (cf., Mirsky above). Because the C.P.T. is an experimenter-
paced rather than a self-paced task, it was expected that the greater
incidence of lapses in attention in hyperactive children would be ref-
lected in the fact that, compared with normal children. they would make
both fewer correct responses and more errors, especially as time on

the task increased. These findings were predicted for both the visual
and auditory forms of the C.P.T.

To summarize, the following hypotheses were advanced.

(a) On the Choice Reaction Time Task there would be no differences
between the mean: reaction times of hyperactive and normal children.

(b) On the Serial Reaction Task it was predicted that hyperactive
children would make a similar number of correct responses but signi-
ficantly more errors than the control children, and that the incidence
of these errors would increase more rapidly with time on the task for
the hyperactive children.

(e) On the Continuous Performance Test it was predicted that
hyperactive children would make fewer correct responses and more errcrs
than the control children. Furthermore, it was predicted that the
decline in correct responses and the increase in errors with time on
the task would be significantly greater for the hyperactive children.

(d) Because the action of methylphenidate is largely a stimulating
one and in view of the many positive . findings in the literature, it
was predicted that the drug would significantly improve the performance

of hyperactive children on the tests where they showed an impairment.
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CHAPTER II

GENERAL PROCEDURE AND EXPERIMENTAL DESIGN

Subjects.

A sample of 24 children diagnosed as "hyperactive™ and 20
normal children, all English speaking and from the Montreal area,
participated in this study .

(a) Clinical sample. The clinical sample was selected from

children referred either to the Departments of Psychiatry or Psychology
at the Montreal Children’'s Hospital, or directly to the Hyperactive
Research Project. In order for a child to be accepted into the study,
the parents (usually the mother) and the child’s teacher had to specify
as the major complaint an excessive level of activity. Furthermore, the
child's hyperactivity had to have been present since early childhood
and had to be sustained throughout most of the day.

In order to ensure as homogeneous a sample as possible, children
whose Wechsler Intelligence Scale for Children(W.I.S.C.) Full Scale
Intelligent Quotient (1.Q.) was less than 80 were excluded. Children
diagnosed as psychotic, or whose major presenting symptoms Were of an
emotional or neurotic nature were also excluded, as were children with
evidence of gross brain damage, cerebral palsy and epilepsy. Only one
child had been treated for hyperactivity prior to the initial assess-
ment and he had not been on medication for several years. All of the
children except three were boys. All were attending regular school
classes and were living at home with at least one parent with the
exception of one boy who was living with his grandmother. The ages
of the 24 hyperactive children ranged from 5 years 10 months to
13 years 4 months, with a mean age of 8 years 5 months and a standard

deviation of 2 years 2 months. Their mean I.Q0. was 99 with a standard
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deviation of 13.3u4.

(b) Control sample. A s.mple of 20 normal children was selected

from the normal school population of the City of Montreal. According

to the teacher's report all of the children were free from any

emotional disturbance, were of average or better ability, and were
showing normal progress in school. The 20 control children were matched
individually with 20 of the 2u hyperactive children on the basis of

age, sex and I.Q. (W.I.S.C. Full Scale). The mean age of the control
group was 8 years 3 months with a standard deviation of 1 year 8 months.
The respective figures for the 20 matched hyperactive children were

8 years 2 months and 1 year 2 months. The mean I.Q. of the Control Group
was 103 with a standard deviation of 12, while for the matched Hyperac-
tive Group it was 102 (6.d. = 13). The Hyperactive and Control groups
did not differ on mean age (t = 1.86, df = 19, NS) or 1.0.(t = 1.17,

df = 19, NS).

Apparatus.

The apparatus was assembled by technicians in the Biophysics
Department of the Montreal Children's Hospital.

A 15 x 15 x 21.5 inch grey metal cabinet (Figure 1) housed the
stimulus presentation equipment and response manipulanda. The front
panel of the cabinet was inclined at an angle of 55O from the base
of the cabinet. In the centre of the cabinet a multiple stimulus
projector (Grason-Stadler, E4580) was mounted at the back of the panel,
such that the viewing surface ( 1 inch in diameter) was clearly visible
to §. One and one-half inches below the stimulus projector a push-
button manipulandum (Grason-Stadler, E8670A) was mounted, the surface
disk being 1% inches in diameter. Arranged in a semi-cirecle in the
upper part of the panel were five clear plastic push-buttons, each

3% inches apart and at a distance of 8 inches from the centre of the
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lower push-button. The surfaces of these push-buttons were also 1% inches

in diameter, and they were attached to micro-switches (Grayhill snap
action switches, 7-26 SPDT) mounted in the rear of the panel. Immediate-
ly above each of the five push-buttons was a small light bulb covered
with a red dome (Dialco Pilot Light Assembly).

The presentation and programming of the stimuli was done auto-
matically by Grason-Stadler programming and timing equipment; In the
case of the auditory stimuli, these were presented through a Roberts
Model 770 four track stereophonic tape recorder, with the stimuli recor-
ded on 1% mil acetate tape (Audiotape, type 1257) . Responses were
recorded automatically on a miniature Four Channel Event Recorder (Rustrak,
Model 92), and reaction times were measured with two precision timers
(Standard Electric Time Company, Model S-1) graduated to .01 second.

@ Stimuli.

(a) Choice Reaction Time. The Choice Reaction Time tasks required

the S to press one of two, or four push-buttons, each of which displayed
a stimulus which corresponded to one of the stimuli presented on the
screen. There were three sets of stimuli, one set for each of the three
conditions. All the stimuli were drawn on small cards which were inser-
ted into the slots of the upper push-buttons. In Condition A there were
two stimuli, a triangle and a circle (Figure 2a). In Condition B there
were four stimuli, a triangle, a circle, three small circles drawn in a
horizontal line, and three horizontal lines (Figure 2b). In Condition C
there were the same four stimuli as used in Condition B, but instead

of white shapes on a black background each of the shapes had a different

coloured background. The triangle had a red background, the circle a

blue background, the three circles a green background and the three
lines a yellow background (Figure 2c¢). In Conditions A and B the

stimuli on the cards were identical to the stimuli that appeared on the
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screen, namely white shapes on black backgrounds. In Condition C ,
however, the coloured background which appeared with a particular
shape on the screen was always discrepant with the coloured background
associated with that shape on the card. For example, on the screen the
triangle might appear with the colours green, yellow or blue, but never
with the colour red.

In each condition there were four practice trials followed by
12 actual trials. The appearance of the stimuli on the screen was
randomized within each condition, with the restriction that each shape
occurred with equal frequency.

(b) Serial Reaction Task. The stimuli to which the S was required

to respond were lights. There were five lights, each associated with an
individual push-button. At the start of the task one light would be
turned on and the S would be instructed to tap the button corresponding
to the light. The response would extinguish the light, which would be
immediately replaced by another light requiring a response, and so on.
The order of appearance of the five lights was randomized over a series
of 100 stimuli and this series was repeated for a total period of

nine minutes.

(c) Continuous Performance Test (Visual Mode). The stimuli for

this test were the twelve letters A, C, E, H, K, L, N, P, S, U, X, Z.
One letter at a time appeared on the screen, with a stimulus duration
of 0.2 of a second and an interstimulus interval of 1.5 seconds. The
significant stimulus, to which § was instructed to respond, was the
letter X when it was immediately preceded by the letter A. The 12
letters were randomized over a series of 100 stimuli, with the restric-
tion that there were 15 significant stimuli (i.e., A followed by X)
within the total run of 100 stimuli. With an interstimulus interval

of 1.5 seconds, the total run of 100 stimuli took 2% minutes to complete.
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As the task itself lasted for 15 minutes this meant that within one
testing session the run of 100 randomized stimuli was repeated six
times. There was also a set of 25 similar practice stimuli.

(d) Continuous Performance Test (Auditory Mode). The stimuli for

the auditory form of the C.P.T. were the same 12 letters as used in

the visual form. The letters were recorded on one channel of a tape

by a female voice at an interstimulus interval of 1.5 seconds. On

the second channel of the tape, a pure tone of brief duration was
recorded coincident with each individual letter. By means of a switching
amplifier, the tone which was not audible to § paced the Grason-Stadler
recording equipment and the Four Channel Event Recorder so that an
accurate record of the S's responses toteach auditory stimulus was
obtained. Again, the significant stimulus was the letter X when pre-
ceded by the letter A, and the order of appearance of individual letters
during a run of 100 stimuli was identical to that in the visual form

of the C.P.T. The run of 100 stimuli was repeated six times ( as for

the visual form) so that a single session on the task lasted 15 minutes.
There was also a practice set of 25 stimuli.

Procedure.

The experiments were carried out at the Montreal Children's
Hospital. Each child was usually brought to the Hospital by his (her)
mother and left in E's charge. With one exception all the hyperactivé
children were seen for the initial tests and the retests on weekday
mornings. In the case of the one exception, the child was seen during
the afternoons of weekdays. The normal control children were all seen
on Saturdays, the majority in the morning. Each S was tested indivi-
dually.

Each S took the tests, (with the exception of the W.I.S.C.) in

a small room ( 4 x 6 x 8 feet) adjacent to E's room and connected to
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it by a one-way screen. The S's room was bare of all objects with
the exception of the display cabinet and a chair. S was seated on
a padded wooden cushion on the chair which had sidearms. The chair
was directly in front of the display cabinet. Each § was told by E:

" We are going to do some tests which I think you

will enjoy doing. We will do a few tests first of

all and then we will stop and go and get something

to drink and eat. Okay? Now I will tell you what

I want you to do, so listen to me very carefully”.
E then gave specific instructions relevant to the task that S was

then to do. The instructions for the four tasks are given below.

(a) Choice Reaction Time Task. There were three conditions in

this task and prior to the administration of each condition there
were four practice trials. E placed the stimulus cards (the triangle
and the circle in the case of Condition A) in the slots of the appro-
priate push-buttons and said to S:

" This is a triangle and this is a circle (pointing to
them) . Listen carefully and I will tell you what I want
you to do. I want you to put your finger on this push-
button and hold it down (E demonstrating by placing

his finger on the lower push-button and holding it down).
I want you to look at this screen (pointing). When I say,
"Here we are'", you will see one of these two shapes, either
the triangle or the circle, appear on the screen. As soon
as the screen lights up, before you have even recognized
what shape it is, I want you to take your finger off the
push-button as quickly as you can and then, as quickly

as you can, press the correct button here (pointing to

the appropriate buttons). Press this button if it is the
triangle and this one if it is the circle. Remember, as
soon as the screen lights up, and before you even recognize
what shape it is, you take your finger off here as quickly
as you can (pointing to the lower push-button), and then
as quickly as you can you press the correct button here
(pointing to the buttons). I want you to do both things,
taking your finger off this push-button here and then
pressing the correct one here, as fast as you can, because
I am measuring how fast you can do it, and the faster

you do it the higher your score. Alright?"

E then went to his room and presented the four practice stimuli
consecutivelyvto 8. Prior to the presentation of each stimulus, E

made sure, by observing § through the one-way screen, that S had his
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finger on the lower push-button and was looking at the screen. For

&

e each trial, E said "Are you ready? Here we are', and two seconds
later presented the stimulus. Upon completion of the four practice
trials, E spoke to S through the one-way screen, saying:

"Good. Now we are going to do it for good. Remember, as

soon as the screen lights up and before you recognize

what the shape is, take your finger off the push-

button as quickly as you can, and then as quickly

as you can press the correct button".

The instructions for all three conditions were similar, except
that in the case of Condition C, S was told that when the shape appea-
red on the screen it would come with a colour different from the one
on the card. S was, however, to ignore the colour, as it was not
important, and to press the button corresponding to the shape that
appeared on the screen.

(b) Serial Reaction Task. Before joining S in his room, E
activated the equipment so that the first light of the test was
turned on. Upon joining S, E pointed to the light and said:

"You see this light? If I tap this button (pointing

to the correct button) it turns the light off and

another one (pointing to it) goes on. If I tap the

button under this light, it turns the light off and

another one goes on (demonstrating). However, if I

tap a button underneath a bulb that is not lighted

(demonstrating) nothing happens, but it is counted

as a mistake. Now what I want to do is to turn off

as many lights as I can, but make as few mistakes

as I can. Watch me".

E then demonstrated by quickly tapping the correct buttons
to turn off the lights. E also tapped a few wrong buttons and
explained to S that these were mistakes which he must try not to
make. S then practiced for a few minutes while E encouraged,

QEB repeated the instructions, and emphasized tc S the necessity for

accurate responding. As soon as S's responses were reasonably

well-coordinated, E turned off the lights and told S:
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" Now we are going to do it for good. I will go
G%? into the other room and turn on the first light.
3 I will say, "Are you ready, get set, go", and as
soon as I say "go" I want you to start turning off
the lights as quickly as you can, but make sure
at the same time that you make as few mistakes as
you can. The test will last for ten minutes and
I want you to keep going as fast as you can all
the time. Do not stop. You must keep going. Alright?"

E then returned to his room and,when S was ready, started the test.

(c) Continuous Performance Test (Visual Mode) .C.P.T.(V).

" You see this screen (E points to the screen on the cabinet),
on this screen you will see letters, one letter at a
time. There are twelve different letters in all, the
letters A, C, E, H, K, L, N, P, S, U, X and Z. Listen
carefully and I will tell you what to do. Whenever

you see the letter X coming immediately after the

letter A, I want you to press this button here (E
points to the lower push-button and presses it). So,

if you see the letter A and then the letter X, you press
this button (E presses push-button) as soon as you have
seen the letter X, and before the next letter comes on.
If there is no A before the X, for example you may see
the letter C then X, or P then X, you do not press the
button. You only press the button when the X follows
after the A. And you only press to the letter X, not to
any other letter for that would be counted as a mistake.
When you press the button you only press once and then
let go (E demonstrates), you do not press more than once
and do not keep the button pressed down. Is that clear?
Do you know what you are to do? (If S expressed any doubt
the instructions were repeated). E then continued, First
of all we will have a practice. I will go into the other
room and turn the letters on. Then I will come back here
and we will do a few together. Look at the screen.”

E then left S's room and switched on the practice stimuli,
returning immediately to S's room. If S made no mistakes during
the run of 25 practice stimuli, E turned off the stimuli and
prepared for the actual testing.

"Good. Now we are going to do it for good. I'm going
into the cther room and I will start the letters. The
test will last for fifteen minutes and every time you
see the letter X following immediately after the letter
A, you press, but you do not press at any other time.
While you are doing the test you must always look at
the screen (E points). If you turn away or look around
(E demonstrates) then an AX may come on and you will
not see it. So you must always look at the screen. And
do not get off your seat. Alright?"
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E then returned to his room, made sure that S was ready and
then started the test. If S made any mistakes during.thepractice
session, the instructions and the practice stimuli were repeated
until § reached a criterion of no mistakes during the run of 25
stimuli.

During the actual testing E also observed S's behavior through
the one-way mirror and recorded all gross movements of his head and
eyes away from the screen on the Four Channel Event Recorder.

(d) Continuous Performance Test (Auditory Mode) C.P.T.(A).

The procedure and jnstructions here were identical to those for the
Visual Mode, except for small changes necessitated by the fact that
Ss would be hearing rather than seeing the stimuli.

Design.

The order of administration of the four tests,C.R.T., S.R.T.,
C.P.T.(V) and C.P.T. (A), were counterbalanced over the 24 hyperactive
Ss, each § receiving the tests in one of 24 possible orders. The 20
normal controls were also randomly assigned to one of the 24 orders.
In the case of the C.R.T. there were three conditions and thus six
possible orders, and Ss were again randomly assigned in equal numbers
to one of these orders.

At the end of the initial testing, which lasted about two hours
including a ten-minute break, each S was given either the Verbal or
the Performance Scale of the W.I.S.C. Another graduate student gave
the other half of the test a few days later.

Each child, as he was accepted into the study, was assigned a
number taken from a list supplied by the Ciba Pharmaceutical Company
of Dorval. Each number had two bottles of pills (labeled (1) and (2)).
At the end of the first visit the psychiatrist gave the mother bottle

number (1), together with instructions concerning the administration
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of the pills (see below). An appointment was then made with the mother
for her to bring in the child two weeks later for the second session
of testing. At the end of the second session the psychiatrist gave the
mother bottle number (2) and a third and final appointment for two
weeks later was made. Care was taken to ensure both that the child
had received the pills throughout each two week period and that on the
day of testing he had taken his pills in the morning.

The tests and test procedures during the second and third sessions
were identical to the initial session, except that the W.I.5.C. was
not readministered.

Each hyperactive child acted as his own control for the drug
part of the study and received both methylphenidate and a placebo
each for a two week period. The methylphenidate and placebo pills
were identical in shape and colour. The order of administration of
the medications (active/placebo; placebo/active) was randomized over
each series of 10 cases according to a code provided by the Ciba
Pharmaceutical Company. As a result the investigator did not know
which compound a child was on at a particular time. There were 12
Ss on placebo during their second visit and the active compound
during their third visit, and 11 Ss on the active compound during
their second visit and the placebo during their third visit. This
made a total of 23 Ss, since one of the 2u hyperactive children
dropped out of the study after the initial testing and was not
included in the drug analyses.

The parents of the hyperactive children were not informed that
their child would receive an inactive compound during part of the
study and were led to believe that both compounds would be helpful
to the child.

The drugs were titrated for each child by the psychiatrist in
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the following manner. The psychiatrist instructed the mother to give

the child one half of a 10 mg. pill the first morning at breakfast.

On the second day the dose was raised to one pill in the morning. On
the third day, one pill in the morning and one half pill at lunch were
given. The fourth day the dose was one pill at breakfast and one at

lunch. Drug dosage was increased gradually in this manner. Each evening

the psychiatrist spoke to the mother over the telephone, to advise her
with respect to any side-effects that may have appeared. The dose was
increased until such time as the psychiatrist considered that an
optimum clinical dose had been reached. He based this decision on

the mother's reports on the child's behaviour and the appearance of
side-effects.

At the time of testing the mean daily dosage of methylphenidate
was 57.00 mgs. (range 10 - 100 mgs.), with a mean dosage of 31.50 mgs.
in the morning and 25.50 mgs. in the afternoon. All retests commenced
one hour after the ingestion of the morning dose.

Scoring and Analysis of the Data.

(a) Choice Reaction Time Task. For each of the three conditions,

A, B, and C, there were two reaction times for each trial, referred to
as "simple" and "ochoice" reaction time. Simple reaction time was a
measure of the elapsed time from the appearance of the stimulus on

the screen to the time that 8 lifted his finger off the lower push-
button. Choice reaction time was a measure of the elapsed time from

the moment that § lifted his finger off the lower push-button to the
time that he pressed the upper push-button corresponding to the stimulus

on the screen. Mean simple and mean choice reaction times based

on the twelve trials in each condition were the dependent variables

used in the analyses of this task. ‘
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(b) Serial Reaction Task. Records from the total nine minutes on

the task were divided into three, three-minute periods in order to
examine any changes in performance over time. There were two scores:
number of correct responses and number of incorrect responses or errors.
A correct response was one made to the button which corresponded to the
light that was on at the time. An incorrect response was one made to a
button whose corresponding light was not on. Total correct and incorrect
responses per period were the dependent variables used in the analysis
of the S.R.T.

(¢) Continuous Performance Test. The two forms of the C.P.T.,

visual and auditory, were scored in the same manner. The total 15
minutes of the test records were divided into three, five-minute
periods so that any changes over time could be examined. There were

two scores: number of correct responses and number of incorrect
responses. In each five minute period 30 significant stimuli(A then X)
were presented. The correct score was the number of significant stimuli
or signals detected. For a response to be counted as correct it had

to be made between the appearance on the screen of the letter X(when
the X had followed an A) and the appearance of the next letter in the
sequence, an interval of 1.5 seconds. An incorrect response was defined
as any response to a non-significant stimulus.

Because the two forms of the C.P.T., visual and auditory, were
identical except for the fact that the stimuli were delivered in dif-
ferent modalities, these two tests were analysed together. Number of
correct and also incorrect responses per five minute period on both
the visual and auditory forms of the C.P.T. were the dependent variables
in the analyses of the C.P.T.

The scores from all three attention tasks were analyzed by means

of repeated mesures design analyses of variance (Winer,1962,pp.319 and
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and 368). Prior to completion of the main analyses, F max tests(Winer,
1962) were applied to all data to test for homogeneity of variance.
Where nonhomogeneous variances were found, transformed scores were used.
Ifvariances were still nonhomogeneous after transformation of the data,
a conservative test was applied to the F ratios obtained (Winer, 1962,
p.322). In the analyses of the drug data the conservative test was always
used since in this type of design the assumption of symmetry of
variance/covariance matrices is questionable (Winer, 1962, p.340).

The test-retest reliability of each of the three attention tasks
was assessed by computing product-moment correlation coefficients
(Ferguson, 1959) between the initial and retest performance of the 12

hyperactive Ss whose first retest occurred when they were on placebo.
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CHAPTER III

RESULTS

Reliabilities ©f the C.R.T., S.R.T. and C.P.T.

The reliabilities of the three tests of attantion are shown in
Table 1. For the C.R.T., only the reliability for Condition C(four
stimuli + colour) was significant. For the S.R.T. and the two forms of
the C.P.T. (visual and auditory), the reliabilities for correct responses
were high, while those for the incorrect responses were lower but still
statistically significant.

Correlations of Age and Intelligence with Attention Tasks.

The correlations of age and I.Q. with performance on the three
attention tasks are shown in Table 2.

With but few exceptions, in both the Hyperactive and Control
groups, age was significantly correlated with Total Reaction Time on
the C.R.T. and with number of correct and incorrect responses on the
S.R.T. and C.P.T. The significant correlations of age with these depen-
dent measures ranged from +0.80 for correct S.R.T. responses in the
Control Group to +0.38 for correct C.P.T.(V) resporses in the Control
Group. Four correlations with age were not significant; namely, (1)
the correlation between age and the total reaction times of Ss in the
Hyperactive Group for Condition C of the C.R.T., (2) the correlation of
age with the number of incorrect responses made by the hyperactive Ss
on the S.R.T., and the correlation of age with the number of incorrect
responses made by the Control Group on both the (3) wvisual C.P.T. and
(#) the auditory C.P.T. Three of these four correlations did however

show a trend in the expected direction.

Intelligence Quotient (I.Q.) on the other hand, was only minimally
related to performance on these three tasks since only two of the 18

correlations were statistically significant, namely I.Q. and the number



TABLE 1

RELIABILITIES OF THE THREE ATTENTION TASKS

(a) Choice Reaction Time Task.

Condition A
Condition B

Condition C

Correlations based on Total Reaction Time.

(b) Serial Reaction Task.

Correct responses

Incorrect responses

(c) Continuous Performance Test.

Visual:
Correct responses

Incorrect responses
Auditory:

Correct responses

Incorrect responses

1
df = 10 for all correlations.

L

+0.24
+0.40

+0.76

+0.85

+0.54

+0.87

+0.50

+0.87

+0.59

1

2

NS
NS

<.005

<.005
<.05

<.005

<.025

<.005

<.025

u6
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TABLE 2

CORRELATIONS OF ATTENTION TESTS WITH AGE AND INTELLIGENCE

(a) Choice Reaction Time Task.

Condition A Condition B Condition C
®. 1,2 %3¢
Age -0.u2 -0.50 -0.33
Hyperactive
I.0. -0.17 -0.01 ~-0.05
XX XX %%
Age -0.68 -0.70 -0.62
Control
I.0. -0.14 -0.36 -0.32

(b) Serial Reaction Task.

Correct responses Incorrect responses

%X
Age +0.73 -0.11
Hyperactive *
I1.0. +0.37 -0.43
* I} *%
Age +0.80 +0.56
Control
I.Q. +0.21 -0.07
(e) Continuous Performance Test.
Visual Auditory
Correct Incorrect Correct Incorrect
e %3 *x XX
Age +0.50 -0.60 0.u8 -0.66
Hyperactive *
I1.Q. +0.U3 -0.03 +0.37 -0.004
X X%X -
Age +0.38 -0.19 +0.60 +0.15
Control
I.Q. -0.06 -0.12 +0.23 +0.17
1

Correlations reported for the C.R.T. are those between Total Reaction
Time and age or I.Q.

2
df = 18 for all correlations.

»* p<.05 x3 p<.025 *x% p<.005
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of incorrect responses made by hyperactive Ss on the S.R.T. (r =
-0.43, p<.05) and I.Q. and the number of correct responses they made
on the visual C.P.T. (r =+0.43, p<.05).

Choice Reaction Time Task.

(a) Hyperactive-Control Comparisons. The means and standard

deviations for the two groups (Hyperactive and Control) over the three
conditions (A,B, and C) are presented in Table 3. The dependent measures
in this table are mean Simple and mean Choice reaction times. The results
of a three-way, repeated measures design analysis of variance are pre-
sented in Table 4.

The main effect for Groups was not significant indicating that
the reaction times of the hyperaétive and control Ss were similar on
this task. There was a trend however, for the Simple and Choice reaction
times of hyperactive and control Ss to be different under the three con-
ditions (Groups x Reaction Time x Conditions interaction, F = 2.46,$p.10).
This trend is illustrated in Figure 3 and indicates that the addition
of distracting colours in Condition C affected the Simple and Choice
reaction times of hyperactive and control Ss differentially. The
addition of colours increased the Choice Reaction Time of hyperactive
8s and the Simple Reaction Time of control Ss.

The main effects for Condition and Reactim Time were also signi-
ficant (see Table 4). The significant Conditions féctor indicated that
the preaction times of both hyperactive and control Ss were longer in
Condition C (mean = 2.58) than in Condition B (mean = 2.27) or Condition
A (mean = 1.94; p<.005 for all comparisons between means by Duncan's
test) . The significant Reaction Time factor indicated that the Simple
Reaction Times of both groups was significantly longer than their
Choice Reaction Time over the three conditions (mean Simple Reaction

Time = 4.04, mean Choice Reaction Time = 2.75, p<.005). No other
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TABLE 3

MEANS AND STANDARD DEVIATIONS OF HYPERACTIVE AND CONTROL
SUBJECTS ON THE CHOICE REACTION TIME TASK OVER THE THREE

CONDITIONS.
Condition A B C
1
Simple 0.61(0.17) 0.69(0.21) 0.75(0.21)
yperactive
(N = 20) . ‘
Choice 0.38(0.28) 0.45(0.19) 0.55(0.41)
Overall mean = 3.43(0.64)
Simple 0.55(0.13) 0.66(0.17) 0.78(0.19)
ontrol
(N = 20) .
Choice 0.40(0.13) 0.47(0.15) 0.50(0.22)
Overall mean = 3.36(0.66)
Condition A 1.94(0.21)
oth groups Condition B 2.27(0.29)
(N = 10 .
Condition C 2.58(0.25)
hean Simple Reaction Time = 4,04(0.u48)
Mean Choice Reaction Time = 2.75(0.45)
e S ———————————————————————

'
i

1
Standard deviations in brackets.
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TABLE 4

THREE-WAY ANALYSIS OF VARIANCE QF HYPERACTIVE AND CONTROL
SUBJECTS ON THE CHOICE REACTION TIME TASK OVER THE THREE
CONDITIONS AND TWO REACTION TIMES.

Source Ss af MS E P
]ﬁ55ﬁ§5?1E?--------------------------‘
Groups 0.0020 1 0.0020 0.0u46
Subj.w.groups 1.6384 38 0.0u31

1thin oS

Condition 0.5218 2 0.2609 62.119 4,005
Groups x Condition 0.0080 2 0.00u40 0.952
Condition S(groups) 0.3193 76 0.00u42
Reaction Time 1.8995 1 1.8995 39.491  <£.005
Groups x RT 0.0009 1 0.0009 0.019
RT S(groups) 1.8289 38 0.0481

Condition x RT 0.0006 2 0.0003 0.037

Groups x Condition x RT  0.0403 2 0.0202 2.6 <.10
Condition x RT S(groups) 0.6250 76 0.0082

Total 6.8847 239
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interactions approached significance.

(b) Drug Analyses. The mean reaction times and standard deviations

of the Pre, Placebo and Active Drug groups for the three conditions of
the C.R.T. are presented in Table 5. The results of a three-way analysis
of variance completed on the drug data are presented in Table 6.

The main effects for Drug, Condition and Reaction Time were
significant (p<.005), as was the interaction of Drug x Condition (p<.05).
The significant drug effect indicated that the overall mean reaction
times of Ss when they were on active drug (mean = 2.98) were signifi-
cantly faster than when they were on Placebo (mean = 3.26) or on no
drug (mean = 3.48, p{.005 for all comparisons between means by Duncan's
test) . The significant Drug x Condition interaction suggested that the
Drug factor had a differential effect on the three conditions of the
C.R.T. However, examination of a graph of this interaction (Figure u)
revealed that the active drug decreased reaction time a consistent
amount over the three conditions compared to the reaction time of Ss
when on placebo. Thus the significant Drug x Condition interaction
mainly reflects the fact that the addition of a colour during pre
testing increased Ss' reaction times to a greater extent(perhaps
because of its novelty) than it did on second or third testing when
Ss were on either active drug or placebo.

The significant main effects of Condition and Reaction Time
again reflected the fact that Ss in all drug groups had longer reac-
tion times in Condition C than B or A and that Simple Reaction Time
was significantly slower than Choice Reaction Time.

No other interactions reached significance. From this it may
be concluded that the effect of the active drug was independent of
both Condition(A, B and C) and type of reaction time(simple and choice)

measured.



TABLE 5

MEANS AND STANDARD DEVIATIONS OF THE THREE DRUG GROUPS
FOR THE THREE CONDITIONS OF THE CHOICE REACTION TIME

TASK
Condition A B C
‘ 1
Simple 0.60(0.20) 0.67(0.20) 0.74(0.23)
re-Dru
=22)

Choice 0.42(0.16) 0.46(0.21) 0.59(0.28)

-

Overall mean = 3.48(0.63)

simple | 0.53(0.17) 0.67(0.19) | 0.72(0.22)

lacebo

Choice || 0.u2(0.13) | 0.45(0.12) | 0.47(0.15)

Overall mean = 3.26(0.62)

Simple || 0.51(0.15) 0.61(0.12) 0.65(0.14)

ctive
N= )

Choice || 0.37(0.10) 0.40(0.18) 0.u41(0.21)

Overall mean = 2.97(0.58)

1
Standard deviations in brackets.
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TABLE 6

THREE-WAY ANALYSIS OF VARIANCE COMPARING THE SIMPLE AND
CHOICE REACTION TIMES OF THE THREE DRUG GROUPS OVER THE
THREE CONDITIONS OF THE CHOICE REACTION TIME TASK.

f

Source SS af MS E P
Between Ss | 2.76 21

ithin Ss : ! ' ' ,
_r___‘ﬁ
Drug 0.27 2 0.135 10.39 <£.005

-

Drug x Ss 0.55 y2 0.013

Condi tion 0.5 > '0.270  54.00 <.005
Condition x Ss 0.20 y2 0.005
Reaction Time 2.69 1 2.690 25.14 < 005
RT x Ss 2.25 21  0.107
Drug x Condition 0.0 4  0.010 3.33 <05
Drug x Condition x Ss 0.25 84 0.003
Drug x RT 0.02 2 0.010 0.67

Drug x RT x Ss 0.6u u2 0.015

Condition x RT 0.03 2 0.015  1.67
Condition x RT x Ss 0.36 42  0.009

Drug x Condition x RT 0.04 4 0.010 1.67

Drug x Condition x RT x Ss 0.53 84 0.006

Total 11.17 395 |
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Serial Reaction Task.

(a) Hyperactive-Control Comparisons. The means and standard

deviations of the number of correct and incorréct responses made ﬁy
thé.Hyperactive and Control groups over the three periods on the S.R.T.
are shown in Table 7. The analyses of variance completed on the number
of correct and incorrect responses made by the two groups on the S.R.T.
are presented in Tables 8a and 8b respectively.

Hyperactive Ss did not differ from normal Ss with respect to
mean correct responses on the S.R.T. (F = 1.59, NS, Table 8a). However,
the hyperactive Ss made significantly more incorrect responses than did
normal Ss (mean errors for Hyperactive Group = 29.15; mean errors for
Control Group = 18.85, pd.05).

In the analyses of both correct and incorrect responses there was
a significant main effect for Period which indicated that the perfor-
mance of both groups of Ss deteriorated at a similar rate with time on
the task.

(b) Drug Analyses. Table 9 presents the means and standand

deviations of the number of correct and incorrect responses for the
three drug groups over the three periods on the S.R.T. Tables 10a and
10b summarize the findings of two analyses of variance completed on
these data.

The main effect for Drug was significant in the analyses both
of correct and incorrect responses (p&.005) indicating that Ss made
more correct and fewer incorrect responses when they were on drug
(mean correct = 634.43; mean incorrect = 10.17) than when they were
on placebo (mean correct = 586.12; mean incorrect = 19.87) or no drug
at initial testing (mean correct = 462.61; mean incorrect = 30.7U4;
p<¢.005 for all comparisons).

The interaction of Drug x Period was alsc significant in the



Period

TABLE 7

MEANS AND STANDARD DEVIATIO.!3 OF CORRECT AND INCORRECT

RESPONSES OF HYPERACTIVE AlD CONTROL SUBJECTS ON THE
SERIAL REACTION TASK OVER THREE TIME PERIODS.

1st

2nd

3rd

Total

Hyperactive

(N = 20)

Correct 160.05(30.14)

148.15(32.40)

148.20(31.02)

456.40(91.72)

Incorrect 8.20(6.16) 9.85(6.76) 11.10(7.02) 29.15(18.11)
Correct 173.75(30.13) 160.65(30.55) 158.20(30.15) 492.60(89.96)
Control
(N = 20)
Incorrect 5.60(4.28) 6.00(4.01) 7.25(4.90) 18.85(11.47)
Ro™ Correct 166.90(31.13) 154.40(32.45) 153.20(31.10)
Sroups

(N = =0) JIncorrect

6.90(5.40)

7.93(5.82)

9.18(6.28)

LS



TWO-WAY ANALYSES OF VARIANCE OF THE CORRECT AND INCORRECT RESPONSES MADE BY THE HYPERACTIVE
AND CONTROL SUBJECTS OVER THE THREE PERIODS OF THE SERIAL REACTION TASK (N = 20 PER GROUP)

(8a) Correct Responses.

Between Ss
Groups

Subj.w.gps

Within Ss
Period
Groups x Period

Period(S§.w.gps)

Source I

daf MS F P

1 4368.14 1.59

38 2750.75

2 2302.54 s5u.42 <.005
2 35.63 0.84

76 y2.23

£ b
v

TABLE 8

(8b) Incorrect Responses.

af MS F P

'#3—
1 353.63 u.63 £.05
38 76.55
2 51.93 5.43 <.01
2 5.21 0.54
76 9.57

8S



TABLE 9

MEANS AND STANDARD DEVIATIONS OF CORRECT AND INCORRECT
RESPONSES OF THE THREE DRUG GROUPS ON THE SERIAL REACTION
TASK OVER THREE PERIODS.

Period 1st 2nd 3rd Total
1
161.96(36.23) 149.87(38.85) 150.78(39.41) 462.61(113.12)
Pre-Drug
(N=23)

8.79(6.10) 10.30(6.59) 11.65(8.28) 30.74(19.41)

Rlacebo
(N=23)

209.17)46.12) 191.30(48.53) 185.65(49.81) 586.12(142.38)

.91 (4.43) 7.83(5.28) 7.13(6.40) 19.87 (14.31)

Active
(N=23)

219.26(39.36) 210.17 (40.45) 205.00 (38.89) 634.43(117.67)

2.39(2.29) 3.38(2.78) .30 (4.14) 10.17(8.04)

1

Standard deviations in brackets.
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(10a)

TABLE 10

TWO TWO-WAY ANALYSES OF VARIANCE OF THE CORRECT AND
INCORRECT RESPONSES MADE BY THE THREE DRUG GROUPS ON

THE SERIAL REACTION TASK OVER THE THREE PERIODS.

Correct Responses. (10b) Incorrect Responses.

1 : 1
Source daf MS F P daf MS F |3
Within Ss
Drug 2 60202.67 71.14  <.005 2 811.49 22.52 <}005
Drug x Ss L 8uU6 .24 Ly 36.0u4
Period 2 5135.90 62.05 <.005 2 104.37 8.65 <.005
Period x Ss 4y 82.77 Lo 12.06
Dpug x Period 4 286.04 4.96 <.025 4 8.72 1.24
Drug x Period x Ss 88 57.71 88 7.05

1
Conservative test.

09
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analysis of correct, but not incorrect responses. This interaction,
shown in Figure 5, seems to have occurred mainly because the correct
responding of the Active and Placebo groups declined from Periods 1 to

2 to 3 while that of the Pre-Drug Group declined from Reriods 1 to 2

but not from Periods 2 to 3. However, it is the comparison of Placebo
and Active Drug groups that is the important one here and Figure 5 indi-
cates that the effect of the active drug compared to the placebo was not
dependent upon Period.

The main effect for Period was again significant in the analyses
of both correct and incorrect responses indicating that the performance
of Ss in all three drug conditions (Pre,Placebo and Active) declined
with time on the task.

Continuous Performance Test.

(a) Hyperactive- Control Comparisons. The means and standard
deviations for the number of correct and incorrect fesponses made by
the Hyperactive and Control groups over the three periods of the C.P.T.
(V) and C.P.T.(A) are presented in Table 11. The results of two three-
way analyses of variance completed on the C.P.T. data for correct and
incorrect responses may be found in Tables 12a and 12b.

The significant CGroups factor obtained in both analyses indicated
that hyperactive Ss made significantly fewer correct responses and
significantly more incorrect responses on both forms of the C.P.T.
(visual and auditory) than did the control Ss. In actual fact hyper-
active Ss made an overall average of 121.05 correct and 37.55 incorrect
responses while control Ss made an average of 153.00 correct and 11.60
incorrect responses on both forms of the C.P.T. combined ( p<:005 for all
comparisons) . The fact that there was no significant interaction of
Groups by Task suggests that it was appropriate to combine Ss' scores

on the two forms of the C.P.T., since the performances of the two
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MEANS AND STANDARD D
RESPONSES OF HYPERACT
CONTINUOUS PERFORMANCE TEST OVER

TABLE 11

EVIATIONS OF CORRECT AND INCORRECT
IVE AND CONTROL SUBJECTS ON THE
TASKS AND PERIODS.

Visual Auditory
Period 1st 2nd 3rd 1lst 2nd 3rd Total
Correct 26.00(3.95) 22.65(6.29) 22.45(6.50) 17.95(6.00) 16.25(6.54) 15.75(7.89) 121.05
Hyperactive : (33.00)
( N =20) Incorrect 5.55(5.18) 6.90(7.89) 6.05(5.18) 5.35(5.67) 6.65(6.91) 7.05(6.18) 37.55
28.55)
Correct 28.70(1.22) 28.20{3.00) 27.85(2.76) 22.85(4.33) 22.45(5.95) 22.95(4.90) 153.00
T (18.26)
( N = 20) |[Incorrect 1.90(2.15) 2.00(2.25) 1.30(1.17) 2.80(2.42) 2.05(1.85) 1.55(1.50) 11.60
: _ ] (7 .60)
sual and auditory Iorms combined.
Correct Responses Incorrect responses
Hyperactive: 43.95(8.94) 38.90(1.1.90) 38.20(13.21) 10.90(8.76) 13.55(12.63) 13.10(9.99)
Control: 51.55(4.74) 50.65(7.88) 50.80(6.98) 4.70(3.81) 4.05(3.17) 2.85(1.87)
Hasks end groups combined.
Periods 1st 2nd 3rd
Correct 47.75(8.04) uy,73(11.63) uy,50(12.23)
fGroups and periods combined. Visual Auditory
Correct 77 .88(13.28) 59.10(19.08)
Incorrect 11.85(13.39) 12.73(13.61)

€9




TABLE 12

TWO THREE-WAY ANALYSES OF VARIANCE OF THE CORRECT AND INCORRECT RESPONSES MADE BY HYPERACTIVE
AND CONTROL SURJECTS OVER THE TWO TASKS AND THREE PERIODS OF THE CONTINUOUS PERFORMANCE TEST

(12a) Correct Respouses (12b) Incorrect Responses
Source df Ms F pl NS F pl
Between Ss
Groups 1 1712.01 14.45 £.005 6.257% 15.22 <.005
Subj.w.gps 38 118.50 noiie
Within Ss
Task 1 23501 f15.20 <.uul (.0833 0.60
Group x task | 3450 .04 .030u5 0.25
Task S(gps) 38 LIRS C.138Y4
Period .2 65 .38 Y <.l 0.0091 0.18
Gps.x Period 2 36.36 5.25 <.05 0.1961 3.94 <.06p.05
Period S(gp) 76 6.9¢2 0.0498
Task x Period 2 743 1.02 0.0026 0.05
Gps. x Task x 2 3.70 0.5 G.ou1e 0.79
Period

Task x Per. 76 7.29 (+.0519

X S(gps)

1 Conservative test applied.

H9
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groups were not differentially affected by the nature of the task.

The number of correct and incorrect responses made by the Hyperac-
tive Group did however depend on the Period (Group x Period interaction,
p<.05 for correct and p<.067.05 for incorrect responses). These two
interactions are illustrated in Figures 6a and 6b. Observation of
these figures indicates that whereas the number of correct responses
made by the Hyperactive Group declined significantly from Periods 1 to 2,
there was no decline in the Control Group. Similarly, hyperactive Ss
made significantly more errorst with time on the task, while control
Ss actually made fewer incorrect responses from Periods 1 to 3.

Two other main effects were significant in the analysis of varia-
nce completed on the number of correct responses made by the two groups
on the C.P.T. These were the main effects for Task and for Period.

The significant Task factor indicated that Ss in both groups made
significantly more correct responses on the visual (mean 77.88) than

on the auditory form of the C.P.T. (mean = 59.10, p€.005) . The signifi-

cant Period factor indicated that there was a decline in. the number of

correct responses from Periods 1 to 2 (p4.005) but not from Periods 2 to 3.
This significant factcr was a function of a decline in the Hyperactive
Group, not in the Control Group (cf., significant interaction of

Groups x Period mentioned above).

There were three broad categories of errors, namely impulsive res-
ponses (e.g., a response to the letter A before the next letter had
arrived), slow responses (a response to a significant stimulus but
too slow to be counted as a correct response) and random responses
(to non-significant stimuli other than A or X).The hyperactive Ss
made significantly more (p{.05) impulsive:errors and random responses
on both forms of the task than the control Ss. However, the two
groups did not differ with respect to number of slow responses on
the auditory form of ‘the C.P.T. ,although they did differ on the visual
Form (p&.05) . ‘
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The Hyperactive and Control groups were also compared with respect to
"multiple responses" and "non-observing behaviours™. A multiple response
is one where two or more responses are made in rapid succession. The
hyperactive S8s (mean = 3.00) made significantly more such responses

than the control Ss (mean = 0.80, p&.01) . Non-observing behaviours on
the visual C.P.T. were also more frequent in -the Hyperactive Group

(mean = 6.70) -than in the Control Group (mean = 0.30, p<:01).

(b) Drug Analyses. The means and standard deviations of the number

of correct and incorrect responses made by the three drug groups on the
two forms of the C.P.T. are presented in Table 13. The analyses of
variance completed on these data are presented in Table 14( a and b).

The main effect for Drug was significant in the analyses of both
correct and incorrect responses. This finding indicates that the hype-
rative children made significantly more correct and fewer incorrect
responses when they were on active drug (mean correct = 154.49, mean
incorrect. = 10.73) than when they were on placebo (mean correct = 123.62,
mean incorrect = 24.62) or on no drug (mean correct = 123.53, mean
incorrect = 35.70; p£.005 for all comparisons except for the difference
between the pre-drug and placebo mean correct responses which was
non-significant) .

In the analysis of correct responses there were also signifi-
cant Drug x Task and Drug X Period interactions. The Drug x Task inte-
ration suggested that performance on the auditory form of the C.P.T.
as compared to the visual form was relatively more impaired at the time
of initial testing than either when the children were receiving the
active drug or the placebo (Figure 7). The significant Drug X Period
interaction reflected the fact that the children while on placebo
showed a significant decline in rate of correct responding not only

from Periods 1 to 2, but also from Periods 2 to 3. While the rate of




TABLE 13

DEVIATIONS O CORRECT AND INCORRECT RESPONSES
CROUPS ON THE CONTTINUOUS PERFORMANCE TEST OVER
TASKS AND PERIODS.

MEANS AND STANDARD
OF THE THREE DRI

Viisiald Auditory
Period 1st 2nad 3rd Ist 2nd 3rd Total
Correct 25.96 (1.05) 22.52(6.69) 22.143(6.73) 18.52(6.29) §7.30(6.78) 16.80(7.99) 123.53
Pre-Drug ' o (41.83)
(N=23)° Tncorrect} .325(%.85) v.22(7.54) 5.74(4.97) 5.65(5.74) 6.26{b.71) 6.48(6.30) 35.70
: (‘27.75)ﬁ
Correct 25, 30(1.75) | 22.0u(7.88) 20.52(8.28)} |21.09(7.24) 18.17(8.493) 1 16.50(9.76) 123.62
Placebo (41.83)
(N=23) Incorrect SLB1L(.27) 5.22(2.88) 4.0u(u.50) 4.26(6.35) U.Ql(G,ﬁl) 4.78(7.04) 2U4.62
(29.03)
Correct 28.61(2.39)) 27.35(3.80) 26.87 (4.39) 24.83(5.19) | 23.35(6 332) 23.u8(6.28) 154 .u9
Active | (24 .27)
(N=23) Tncorrect ] 1.65(2.23) 1.39(1.88) 1.48(1.65) 1.91(2.33) 220:30(2.140) 2.00(2.75) 10.73
(10.32
Visual and auditory forms combhined.
Correct Incorrect
Pre-Drug uy . 48(9.05) 39.82(12.04) 39.23(13.27) 11.00(8.26) 12.48012.17) 12.22(10.03)
Placebo 46.39(10.70) np.21(15.32) 37.02(16.49) 7.87(10.12) %$.13(8.68) 8.82(11.10)
Active 53.44(6.69) 50.70(8.75) 50.35(9.78) 3.56(3.89) 3.69(3.75) 3.u8(3.ul4)
Periods combined. Correct 1ncorrect
Visual Auditory Visual Auditory
Pre-Drug 70.91(16.00) 52.61(20.08) 17.30(15.17) 18.39(16.73)
Placebo 67.87(20.12) 55.74(25.38) 10.87(10.78) 13.96(19.43) o
Active 82.83(10.28) 71.65(17.17) n.52(.6u) 6.22(6.88) *®




TWO THREE-WAY ANALYSES OF VARIANCE OF C
CONTINUOUS PERFORMANCE TEST BY TWO TAS

TABLE 14

b5

sy

ORRECT AND INCORRECT RESPONSES BY THE THREE DRUG GROUPS ON THE
KS OVER THREE PERIODS

Conservative test applied.

(lua) Correct Responses (14b) Incorrect Responses
Source af MS 3 pl MS F pl
Within Ss
Drug 2 1221.07  27.20 <.005 600.19 11.83 <.005
Drug x Ss Ly 50.74
Task 1 2212.19 21.97 <.005 4y .02 1.24
Task x Ss 22 100.67 35.4u48
Period 2 329.74 27 .14 <.005 5.05 0.71
Period x Ss s 12.15 7.13
Drug x Task 2 57.u43 .32 <.05 4.03 0.23
Drug x Task X 5s hy 13.30 17.77
Drug x Period 4 3606 SR <0l 2.53 0.35
Drug x Period x Ss 88 EPAL 7.16
Task x Period 2 7.05 Lot 1.98 U.H7
Task x Period x Ss Ly 10.03 4.20
Drug x Task x Period 4 5.13 0.9u 2.27 .37
Drug x Task x Period x Ss 88 . 5.U45 6.16
1
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correct responding at initial testing and during active drug adminis-
tration showed a decline only from Period 1 to 2 (Figure 8).

The significant main effects for Task and Period in the analysis
of correct responses indicated that performance of all three groups
was less accurate on the auditory C.P.T. than the visual C.P.T.
and that the number of correct responses declined from Period 1 teo 2.

There was a significant reduction in multiple presses with the

active drug (mean 0.35) compared to both pre-drug (mean = 2.70)

2.U48, p<:001). Non-ohserving behaviours were also

and placebo (mean
significantly reduced in the Active Drug Group(mean = 0.26) in compari-
son to the Pre-Drug Group (mean = 6.30) and the Placebo Group (mean =
6.22, p<.05).

Summary of the Main Findings of the Present Study .

Hyperactive-Control Comparisons.

(1) The mean reaction times (Total, Simple and Choice) of hype-
ractive Ss were no different from those of normal Ss for'all three
conditions of the C.R.T. (Conditions A,B,C).

(2) On the S.R.T., hyperactive Ss made more incorrect responses
than control Ss but a similar number of correct responses. The per-
formance of both groups deteriorated at a similar raie with time on
the task.

(3) Hyperactive Ss made significantly fewer correct and more
incorrect responses on the C.P.T. than did normal Ss. Furthermore,
hyperactive Ss made fewer correct responses and more incorrect res-
ponses with time on the task. In contrast , for normal Ss the number
of correct responses showed no decline with time and the number of
incorrect responses they made decreased with time on the task. The
decline in the performance of hyperactive Ss occurred between Periods

1 and 2 but not between Periods 2 and 3.
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Drue Results.

(1) On the C.R.T. task, Ss on active drug had significantly
faster reaction times than when they were on placebo or no drug

(i.e., initial testing). Compared to placebo, active drug improved

performance consistently over all three conditions(A,B,C) of the C.R.T.

(2) On the S.R.T., Ss on active drug made significantly more cors
rect and fewer incorrect responses than when they were on placebo
or on no drug (initial testing) and this finding held over all three
periods on the S.R.T.

(3) On the C.P.T., Ss on active drug made significantly more
correct and fewer incorrect responses than when they were on placebo
or no drug. They also observed the screen more efficiently and made

fewer impulsive responses (multiple presses).
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CHAPTER IV

DISCUSSION

Reliability of the Three Attention Tasks and Their Relation to Age and I.0.

In view of the fact that the majority of the reliability coeffi-
cients. on all three attention tasks reached statistical significance,
it may be concluded that the responses of hyperacti.¢ subjects were
reasoﬁably consistent’fiom initial testing to retesting two weeks later.
1+t should be noted however that the reliabilities of some of the tests
and éome types of scores were higher than that of others. For example,
test-retest reliabilities were high for number of correct responses on
both the Serial Reaction Task and the Continuous Performance Test(visual
and auditory), all correlations being above 0.80. Although statistically
sianificant, the correlations were somewhat lower for incorrect responses
on these same tests (all at or above 0.50). The reliability of correct
responses on the visual Continuous Performance Test is similar to that
found by Rosvold, Mirsky, Sarason, Bransome and Beck (1956) ,namely 0.74.

The reliability coefficients for the Choice Reaction Time Task
were much lower, especially in Conditions A and B where they failed to
reach significance. These low values may be due to the narrow range of
reaction times within this relatively homogeneous group of children on
these simple tasks. Such an explanation is supported by the fact that
when the test became more difficult, as in Condition C, the reliability
value was higher (0.76) and statistically significant.

The scores of both the hyperactive.and the normal children on
all three attention tasks were generally found to be significantly
related to the age of the child. On the other hand, intelligence was

rarely found to be related to performance, at least within the I.Q.

range (above 80) used in the present study.
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The Nature of the Attention Problem in Hyperactive Children.

The prediction that hyperactive children would have no problem
in directing their attention to a task for brief periods of time was
supported. On the Choice Reaction Time Task, which was chosen to assess
ability to attend for brief periods, the total,"simple” and "choice"
reaction times of the hyperactive subjects were no different from those
of the normal controls. Furthermore, the reaction times of the hyperac-
tive children did not differ significantly from those of the control
children when the number of stimuli and responses, and thereby the
amount of information to be processed, was increased. The addition of
a colour dGistractor also produced a similar increase in the total
reaction times of both groups of children. However, there was a trend,
significant only at the ten percent level, for the "choice™ reaction
times of hyperactive subjects to increase when a colour distractor was
added (Condition C). In order to discuss this finding, the meaning of
"simple and "choice" reaction times must first be considered.

It will be recalled that the term "simple" was used to denote the
time taken by the child to recognize the onset of the stimulus, while
the term "choice'" denoted time from the recognition of stimulus onset
to response choice. It was expected that "simple" reaction times would
be shorter than "choice" reaction times. In actual fact "simple" reac-
tion times were longer than "choice" reaction times. It would appear
that although the instructions repeatedly asked the subjects to remove
their finger from the lower push-button as soon as a stimulus appeared,
the children were unable to do this and waited until they recognized
the stimulus. In other words, they were more concerned with identifying
the stimulus than with responding quickly, or in the terms used by
Titchener (1910, as cited by Hohle, 1967) they adopted "sensory" rather

than "motcr" sets. Q}lfaet, the reaction time labeled "simple™ in the
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present study would be more accurately labeled "choice" and the reac-
tion time labeled "cholice" should be labeled "motor response" reaction
timél Woodworth and Schlosberg (1954) have suggested that the set
adopted by subjects depends upon the nature of the task, "motor" sets
being adopted when the stimuli are few in number, simple and distinct,
and "sensory" sets being adopted when there are many stimuli and when
they are complex. The children in both groups of the present study appa-
rently tended to adpot a sensory set in all three conditions. However,
it was when irrelevant information was introduced (i.e., a colour
distractor) that certain differences between the reaction times of the
two groups appeared. More specifically, the "simple" reaction times of
the control subjects increased when a colour distractor was added(Ficure
3) , that is the normal children spent longer recognizing the stimulus
before responding. In contrast, there was a trend for the hyperactive
children in Condition C net to spend additional time recognizing the
stimulus but to release the lower pash-button quickly and then to spend

additional time making their response choice. This finding, although

‘gnly a trend, suggests that when hyperactive children are presented with

stimuli containing distracting or irrelevant dimensions, they tend to
begin responding faster than normal children. It might be worthwhile
in future studies to investigate the effect on the reaction times
of hyperactive children of systematically increasing the number of
irrelevant dimensions. Because this was the only difference found
between hyperactive and normal children on the Choice Reaction Time
Task and because it was only a trend, any interpretation of the finding
must wait upon further studies.

Although the attention of hyperactive children was not impaired
on tasks requiring brief periods of concentration, the findings of

this study suggest that they are impaired in their ability to maintain
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attention over longer periods of time. On the Serial Reaction Task
the hyperactive children made significantly more errors than the normal
controls, although there was no difference between the two groups
with respect to number of correct responses. It was mentioned previous-
ly that the incidence of errors on the Serial Reaction Task is consi-
dered to be a more accurate indicator of momentary lapses of attention
than the rate of correct responses. This was based on the finding of
Bills (1931) that the rate of correct responses was little affected by
an increase in blocking on the task, and the finding of Broadbent (1953)
that noise produced an increase in errors but did not affect correct
responses. Broadbent (1958) suggested that a high incidence of momen-
tary lapses in attention would not necessarily be reflected in a lower
incidence of correct responses if the subject compensated for the lapse
by responding more rapidly between blocks. Thus, it is probably
reasonable on the basis of the error data, to argue that hyperactive
children are more subject than normal children to brief lapses in
attention on the Serial Reaction Task, in spite of the fact that
there was no difference between the groups in number of correct respon-
ses. Presumably, the hyperactive children were responding more rapidly
than the control children in between their more frequent lapses in
attention. This hypothesis could be tested by measuring directly the
rate of correct responding in between blocks in the two groups of
children.

The prediction that momentary lapses in attention would increase
with time on the task in both groups of children but at a faster
rate in the hyperactive subjects was only partially supported.
The fact that both groups of subjects showed a significant increase in
errors over time indicates that their attention to the task was increa-

singly subject to brief lapses. However, there was no evidence that
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such lapses increased at a faster rate in the hyperactive children than
in the normal children. Thus, it might be concluded that although the
sustained attention of the hyperactive children compared to the control
children is subject to a higher overall frequency of momentary lapses
in atténtion, the increase in the incidence of such lapses with time
occurs at a similar rate in the two groups. There is of course, no
direct evidence for this statement other than the fact that errors on
the Serial Reaction Task increased at the same rate in the two groups.
However, this statement could be tested by measuring directly the occur-
rence of blocks and their increased incidence with time in the two
groups of children.

The most striking evidence for the hypothesis of an impairment in
sustained attention in hyperactive children comes from the findings
on the Continuous Performance Test. On this test the hyperactive
children not only made more errors than the control children but
also fewer correct responses. Furthermore, whereas the number of
correct responses made by the normal children did not decline with
time on the task, the number made by the hyperactive children did dec-
line, at least from the 1lst to the 2nd five minute period. Also, while
the number of errors made by the control group declined with time on
the task, errors made by the hyperactive group increased from the
first to the second period.

There is reason to believe that the failure to detect and respond
to the appearance of a significant stimulus on the Continuous Perfor-
mance Test reflects a momentary lapse in attention which is coincident
with the appearance of the significant stimulus (Rosvold,Mirsky,Sara-
son, Bransome and Beck, 1956; Kornetsky, Mirsky, Kessler and Dorff,
1959; Mirsky and Cardon, 1962) . Thus it can be stated that the hyperac-

tive children are more subject to such lapses than the control children




79

since they detected fewer significani stimuli than the wontrols. The
finding that correct responses declined with time on the task in the
hyperactive group but remained at a constant level in the control group
suggests, at first sight, that the hyperactive children became increa-
singly more subject io lapses in attention whereas the control children
did not. This suggestion conflicts with the finding on the Serial
Reaction Task that both groups of children became increasingly more
subject 1o lapses with time. It was in fact expected that both groups
of subjects would show a significant decline in the detection of sig-
nificant stimuli over time on the Continuous Performance Test. The
failure of the control children to show any decline in their detection
of significant stimuli with time on the task does not necessarily imply,
in the present author's view, that they did not become increasingly
more subject to brief lapses in attention with time. It is possible
that the lack of decline in correct responding is related to the inter-
stimulus interval of 1.5 seconds used in the present study. Broadbent
(1958) has suggested that in adults the length of time it takes to
switch attention twice is approximately 1.5 seconds. Thus, on the
Continuous Performance Test an interstimulus interval of 1.5 seconds
would allow a subject time to switch his attention away from the task
and back to the task in between the appearance of two consecutive sti-
muli. There is evidence that the detection of significant stimuli is
more accurate with a 1.5 second interstimulus interval than with a
shorter interval. In an earlier study (Sykes, Douglas, Weiss and Minde
(unpublished study), it was found that both normal and hyperactive
children detected more significant stimuli on a visual Continuous
Performance Test when the interstimulus interval was 1.5 seconds as
compared to 1.0 second. However, it was not possible to state from this

earlier study whether the control children showed a decline in correct
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responding over time at the 1.0 second interstimulus interval, as changes
in detection over time were not examined. This explanation is of course
tentative and must wait for its verification on future research. It
would be quite possible to systematically vary the interstimulus interval
on the Continuous Performance Test and examine the relative incidence

of correct responding in the two groups of children. If the explanation
were correct then one would expect to find a decline in the rate of
correct responding in the normal children at the faster interstimulus
interval. If the explanation is true, then the fact that the hyperactive
children detected fewer significant stimuli than the control children
suggests that their lapses in attention are of longer duration than thosc
of the control children, and that they are unable therefore to switch
their attention from task-relevant information and back again within the
short period of time allowed on the task (1.5 seconds).

The incidence of errors on the Continuous Performance Test also
differed significantly in the two groups of children. Not only did the
hyperactive children make significantly more errors than the control
children, but the incidence of errors increased with time on the task
in the hyperactive group but declined in the control group. It was
suggested on the basis of studies of performance on vigilance tasks
(Broadbent, 1958;Mackworth, 1968) that errors on the Continuous Per-
formance Test reflected a decreased sensitivity on the part of the ob-
server which affects his ability to distinguish between significant
and non~significant stimuli. Thus, not only the failure to detect a
significant stimulus but alsc a response to a non-significant stimulus
was believed to reflect impaired attentiveness. Jerison, Pickett and
Stenson{1965) suggested that false-alarms, or the reporting of a non-
signal event as a signal, was the result of blurred observing, which

reflects a reduced state of attentiveness. It is important to note,
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however, that there is reason to believe that not all of the errors
made on the Continuous Performance Test are due to impaired attentive-
ness.

Inspection of the records of the individual subjects reveals that
a large proportion of errors fall into three broad categories, namely
slow responses to significant stimuli, responses to part of the signifi-
cant stimulus, and random responses to non-significant stimuli. The hy-
peractive children made significantly more errors of all types than
the control children on both forms of the test (visual and auditory),
with the exception that both groups made the same number of slow res-
ponses on the auditory form of the Continuous Performance Test.

A slow response is one made to a significant stimulus but which
occurs too late to be included in the count of correct responses. There
is preason to believe that slow responses reflect impaired attentiveness.
Broadbent (1958) points out that in continuous work or on a vigilance
task, the latency of detection of signals increases with time. In other
words, the subject is slower to respond to the appearance of the signal.
Broadbent suggests that this is due to the fact that the stimulus is
not immediately processed, the subject's attention being elsewhere at
the time the stimulus arrives. Thus, when it is processed, the result
is a delayed or slow response. If it is accepted that a slow response
reflects impaired attention, then one would expect a higher incidence
of such responses on a task which is more susceptible to brief lapses
in attention. Therefore, there should be more slow responses on the
auditory than on the visual Continuous Performance Test, since both
groups of children in the present study made significantly fewer correct
responses on the auditory Continuous Performance Test . This in fact
was the case. Both groups of children made significantly more errors

that could be categorized as slow responses on the auditory than on
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the visual Continuous Performance Test.

Whereas slow responses suggest impaired attention, incorrect
responses to parts of the significant stimulus (X preceded by A), for
example, to the letter A alone, suggest to the present author an inabi-
lity on the part of the subject to inhibit an incorrect response, rather
than any confusion as to the identity of the stimulus due to lowered
attentiveness. There is some evidence for this interpretation. The inci-
dence of this type of error declined in the control group with time on
the task. This suggests that normal children learn to inhibit these
errors. Also, the hyperactive children when they returned two or four
weeks later for retesting on placebo also made significantly fewer such
errors than they had originally, although the number of correct responses
was no different from initial testing. Furthermore, after making errors
of this type the control children particularly would often make a
facial grimace which implies that they were aware that they had made a
mistake.

An alternative explanation, derived from vigilance studies, is
that the decline in errors with time on the task reflects a reduced
jevel of arousal (Mackworth, 1968). However, this explanation is not

exceptable since a reduced level of arousal should also produce a

decline in the rate of correct responses and this was not found in
the control group.

While it is reasonable to believe that slow responses reflect
impaired attentiveness and incorrect responses to part of a significant
stimulus a lack of inhibitory control, it is by no means certain what
the random responses to non-significant stimuli reflect. They may be
the result of impaired attentiveness or of impulsivity.

In addition to the three types of errors just mentioned, the -

hyperactive children also made significantly more multiple responses
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than the control children. A multiple response is one where the child
presses more than once in rapid succession. It is reasonable to believe
that such a response reflects a lack of inhibitory control.

Finally, it was found.on the Continuous Performance Test that the
hyperactive children compared to the control children made many more
non-observing responses, that is periods when they were not looking at
the screen. It should be pointed out however, that the incidence ot such
non-observing behaviours while significantly greater in the hyperactive
group than in the control group was still relatively low, and could not
account for the significant differences between the two groups in their
ability to detect significant stimuli.

In conclusion it may be stated that the sustained attention of
hyperactive children in comparison to normal children is more suscep-
tible to frequent brief lapses during which time the subject is lar-
gely insensitive to task-relevant material. These lapses were reflected
in errors on the Serial Reaction Task, failure to detect significant
stimuli and slow or delayed responses to significant stimuli on the
Continuous Performance Test. Also there is evidence that hyperactive
children are more impulsive than control children since they make
significantly more multiple responses and impulsive errors on the
Continuous Performance Test . These latter resultls support the fin-
dings of Conner and Greenfeld (1966) who found that hyperactive chil-
dren lacked inhibitory control and Campbell, Douglas and Morgenstern
(1969) who found that hyperactive children responded impulsively on
a task requiring the abstraction of a simple figure from a complex one.

As to the nature of these brief lapses in attention, Broadbent
(1958) suggested that they were due to the subject momentarily paying
attention to task-irrelevant information at the expense of task-

relevant information. This interpretation, in terms of distraction,
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is essentially the view of Cromwell, Baumeistef and Hawkins (1963)
who suggested that the overactivity of the hyperactive child might
be a reflection of a short attention span and rapidly changing goal
directions.

Whether the higher frequency of momentary lapses in attention
in hyperactive children reflects central nervous system dysfunction or
damage or a maturational delay in their development is uncertain.
Mirsky and his colleagues (Mirsky,Primac, Marsan, Rosvold and Stevens,
1960 Lansdell and Mirsky, 1964) have implicated subcortical dysfun-
ction, possibly biochemical in nature, as the reason for the impaired
performance of centrencephalic epileptics and brain-damaged patients.
However, it should be pointed out that the performance of the hyperac-
tive children on the Continuous Performance Test is by no means
as impaired as that of the brain-damaged children in the study by
Rosvold, Mirsky, Sarason, Bransome and Beck (1556). In the Rosvold et
al. study a group 6f brain-damaged children detected 46.26% of the
significant stimuli. In contrast, the detection rate of a group of
hyperactive children of similar age and intelligence as the children
in the Rosvold et al. study, on a visual Continuous Performance Test
with the same interstimulus interval and approximately the same
task duration, was found to be 70.03% ( Sykes, Douglas, Weiss and
Minde, unpublished study). It is not possible to compare the scores
of the hyperactive children with those of centrencephalic epileptics
in Mirsky's studies, as all the epileptic patients tested were adults.
It cannot be concluded, therefore, that the finding of impaired per-
formance on both the Serial Reaction Task and the Continuous Perfor-
mance Test in the hyperactive children necessarily implies subcortical
dysfunction, although this remains a possibility, particularly in the

light of the findings of Laufer, Denhoff and Solomons (1957) that
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hyperactive children had an abnormally low photo-Metrazol thres-
hold.

An alternative view is that the impaired performance of the
hyperactive children reflects a maturational lag. There are many
studies which demonstrate that the ability to sustain attention and
ignore irrelevant material is age dependent (Elliot, 1964,1966; Maccoby
and Konrad, 1967; Hagen and Sabo, 1967; Grim, 1967). It is possible that
the attentional deficit of hyperactive children represents simply a
maturational lag rather than subcortical dysfunction. Further studies
should therefore examine the sustained attention of older hyperactive
children. If, as was suggested earlier (Cromwell, Baumeister and Hawkins,
1963), "hyperactivity" is taken to indicate rapid shifting of attention
from one event to another, then studies already exist which suggest
that hyperactivity ( and by inference, short attention span) become less
of a problem as hyperactive children grow older. For example, Lapouse
and Monk (1958) found that younger children were more active than older
children, while Weiss, Minde, Douglas, Werry and Nemeth( 1969) found that
in a five year follow-up of hyperactive children, the mean parental
rating o f hyperactivity was significantly reduced. Although these stu-
dies are suggestive, there is a need to study directly sustained atten-
tion in older hyperactive children before a "developmental lag" expla-
nation of their impaired attention can be accepted.

In summary, hyperactive children were found on the Serial Reac-
tion Task and the Continuous Performance Test to be inferior to normal
children in their ability to sustain attention for long periods. It
was suggested that they were more often subject to brief lapses in
attention than normal children. In light of recent studies which have
related impaired attention on vigilance tasks to changes in observing

behaviour (Jerison, Pickett and Stenson, 1965) and in light of the
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suggestion that different aspects of impaired attention may be related
to habituation of both the alpha block and the evoked potentials arising
from the background stimulus events (Mackworih, 1968), it is suggested
that future research should attempt to relate all these factors to the
impaired performance of hyperactive children on both self- and experi-
menter-paced sustained attention tasks. Examination of observing beha-
viour, alpha block, evoked potentials, etc. would then enable more

exact gpecification of both the nature and the factors involved in

these lapses which are found more frequently in hyperactive children.

The Effect of Methylphenidate on Attention in Hyperactive Children.

Methylphenidate was found to have a number of beneficial effects
on the performance of hyperactive children. The active drug significan-
tly improved their performance on measures where they were found to do
significantly more poorly than normal children, namely error responses
on the Serial Reaction Task and correct and incorrect responses on the
Continuous Performance Test. The drug also stopped the decline in correct
responding firom the second to the third period seen in the placebo group
and significantly reduced impulsive responses (multiple presses) and
non-observing behaviours. Furthermore, the drug improved performance
of these subjects on measures where they showed no initial deficit
relative to normal children, namely simple, choice and total reaction
times on the Choice Reaction Time Task and correct responses on the
Serial Reaction Task. Whether these latter effects are specific to
hyperactive children or would also be true of normal subjects if they
were given the drug is an important question for future research.

Thus methylphenidate improves the ability of the hyperactive
child to maintain attention to a task over prolonged periods, presuma-
bly by reducing the frequency and duration of momentary lapses in

attention. The drug also reduceé impulsive responses on the Continuous
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Performance Test and reduces the latency of responding on all three
attention tasks. These findings are consistent with the results of
other investigators. Campbell, Douglas and Morgenstern (1969) found
that methylphenidate reduced impulsive responding in hyperactive
children on a task which required the inhibition of an immediate
response and Knights and Hinton (1969) found that the drug reduced
the latency of responding in a similar group of children.

Various investigators have speculated as to the mode of action
of methylphenidate. Conners, Eisenberg and Sharpe (1964) and Campbell,
Douglas and Morgenstern (1969) suggest that it strengthens inhibitory
controlling mechanisms. Werry, Sprague, Weiss and Minde( 1969) suggest
that it increases arousal such that the cortex can more effectively
cope with incoming stimuli. The implication of this latter statement
is that hyperactive children are at a relatively low level of general
arousal prior to the administration of the drug. This is similar to
the speculations of Laufer, Denhoff, and Solomons (1957) with respect
to the action of amphetamine on hyperactive children. These authors
suggested that the drug may act by raising the level of synaptic
resistance in the area of the diencephalon. As a result the cortex
would no longer be flooded by indiscriminate stimuli but would rather
selectively reinforce and pattern incoming stimuli.

All of these authors realize the speculative nature of their
suggestions. However, at the behavioural level it does seem clear
that the drug improves the ability of hyperactive children to organize
their behaviour more effectively . They appear to be less distracted by
extraneous, task-irrelevant stimuli. This implies that incoming stimu-
lation is more effectively filtered which suggests that inhibitory
mechanisms are being selectively reinforced by the drug. It might

however be the case that instead of merely strengthening the role of
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inhibitory mechanisms, the drug acts by selectively reinforecing the
passage of task-relevant information through the cortex. It is now
well established that there are reinforcement mechanisms in the brain
(01ds and Milner, 1954; 0lds,1962) and it is conceivable that they
mediate between eensory events and behaviour. It is also conéeivable
that the drug acts selectively on these reinforcement mechanisms, for
which there is some evidence in the case of amphetamine( to which
methylphenidate is chemically related) (Stein, 1964; Stein and Wise,
1969).

It is frequently stated by the mothers of hyperactive children
that their child can concentrate and be free from distraction if he.
is really interested. For example, hyperactive children may sit
quietly and attentively for half an hour watching their favourite
television programme. Thus, motivation or interect can selectively
reinforce these children's attentive behaviours. Clinical observa-
tion suggests that something similar may be happening with the drug.
A number of the mothers of hyperactive children commented that while
on the drug their child, for the first time in his life, would spend
long periods of time writing an essay, reading a book, making his bed
etc. Thus it appears that not only is the ability to maintain atten-
tion increased with the drug, but it is possible that the drug acts
selectively at the level of the reinforcement mechanisms mentioned
above.

The above is of course, highly speculative, as little definite
is known about the chemigal -action of the amphetamines let alone methyl-
phenidate. However, the behavioural effects of the drug suggest that

some selectively reinforcing mechanism may be affected by the drug.
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Implications of the Study for Education

Although care must be taken when generalizing from the labora-
tory to the classroom, several suggestions concerning the education
of hyperactive children may be made on the basis of the present fin-
dings. It should be noted however, that these suggestions are specuka

five and require careful experimentation prior to their implementa-

tion.

In view of the findings of the present study which indicate
that hypefactive children can direct their attention for brief periods :
but have difficulty in maintaining attention on a trask for long periods,

it is suggested that they be given tasks broken up into short sections

or steps. Upon completion of each section, there should be a short
break from the task and then the child could be re-oriented to the
next section by the teacher. The child,rather than the teacher,

should determine the pace at which new material arrives. For it was

shown in the present study that although the hyperactive children
were impaired on a self-paced task (the gerial Reaction Task) ,they
wepre far more impaired on an experimenter—paeed task. In other words,
a teaching machine which presents small bits of new information in
systematic steps and which is regulated by the child himself would
probably be better than the more conventional teaching methods used
in most schools.

There is also evidence from the present study that both hype-
ractive and normal children attend more efficiently to visual than
to auditory material. It is therefore suggested that in the case of
hyperactive children particularly, attempts should be made when

possible to present information through the visual modality.

The findings of the present study regarding the effects of

methylphenidate on the performance of these children on attention
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tasks suggests that this drug might also help the child in a class-
room setting. There is certainly a need to investigate the effect
on academic performance of the long-term administration of methyl-
phenidate. To the present author's knowledge, there are no studies
available which examine the effect of methylphenidate for longer
than two or three months. It cannot be assumed that the beneficial
effects of the short-term administration of the drug will hold up
over longer periods. There is also a paucity of good studies which
examine the effectiveness of methylphenidate in conjunction with
special educational techniques in reducing the school problems of
hyperactive children. In view of the findings of Weiss, Minde,
Douglas, Werry, and Nemeth (1969) that hyperactive children are
seriously retarded academically, this is a particularly important

area for future research.
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SUMMARY

The performance of 20 hyperactive and 20 normal children
was compared on three attention tasks, one requiring attention
for brief periods on each trial (the Choice Reaction Time Task),
and the other two requiring sustained attention for longer periods
of from nine to fifteen minutes(the Serial Reaction Task and the
Continuous Performance Test). The first of these latter two tests
was self-paced, that is the subject could work at his own rate,while
the . second task was experimenter-paced or controlled.

Compared to normal children, hyperactive children were found
to be impaired on both tests of sustained attention but not on the
test requiring attention for brief periods of time. Moreover, hyperac-
tive children appeared to do Qorse on the experimenter—paced than on
the self-paced task.

The effect. of the stimulant drug methylphenidate on the per-
formance of hyperactive children on the three attention tasks was:
also examined . Compared to placebo, this drug was found to improve
the scores of hyperactive children on all three tests, irrespective
of whether they were inferior to normal subjects at initial testing
on the tasks.

The differences found between the performance of hyperactive
and normal children were explained in terms of a greater incidence
of momentary lapses in attention in the former group and suggestions

for the education of hyperactive children were advanced.
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