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Abstract

The objectives of this research were to study the eye
movements of normal and hyperkinetic cihiildren and compare
them under controlied conditions. The goal of the re-
search was to gain insight into the pathophysiology of
the hyperkinetic syndrome with the hope of developing
guantitative teciinigues for use in diagnosing hyperkinesis.

Twenty normal and 14 hyperkipnetic ciiildren were tested
on a pursuit tracking task. The stimulus was a 1° white
dot nrojected onto a dark background. The pursuit target
traveled at a constant velocity of 22i2° per second, making
30° —~anplituGe swings in both the horizontal and vertical
planes. Two measures of horizontal pursuit were analyzed:
number of eye movements and mean amplitude of saccadic
eye movenents. Both measures were obtained for two sepa-
rate pursuit trials, one occurring at the beginning of
the test session, the otuer at the end of the test session.

Results showed that:

(1) There was saccadization of pursuit in both the
normal and hyserkinetic groups.

(2) Normals made significantly smaller saccadic eye
novements than did hyperiinetics on botih the first and
second pursuit tasks. Hyperactives freguently made large
saccades away from the path of the pursuit target.

(3) Normals made significantly fewer eye moverents
than did hyperactives on the second pursuit task.

(4) As a group, normals showed a significant decrease



in the nunber of eye movements from first to second
pursuit task. Hyperactives showed no change in the number
of eye movements from first to second pursuit task.

(3) High~IQ normals (range 118-138) made significantly
more eye movements on the second nursuit presentation
than did the middéle-IQ norwal group (range 96-117).

(6) There was no significant effect of age on the
number or amplitude of eye movements made during the
pursuit tasks in botih the normal and hyperkinetic groups.

(7) Both the number and mean amplitudes of eye nove-
ments were significantly correlateé for the hyperkinetic
group bvetween the first and second pursuit tasks.

(&) The number of eye movements but not their mean
amplitudes was siznificantly correlated between the first
and second pursuit tasks in the normal group.

Results were discussed in teriss of the physiology of
the pursuit system as well as those pathophysiological
conditions and related factors which might affect pursuit

performance.
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Chapter I Introduction

Definition of the Problem.

‘The "hyperactive child" syndrome has become a widely
used diagnostic category within the last 20 years. A hall-
mark of the disorder is compulsive hypermotility, impul-
sivity, and distractibility (Wender, 1971). Hyperactive
individuals may be of either normal or superior intelli-
gence and manifest several if nct all of the following
symptoms: (1) perceptual problems (figure-ground diffi-
culties); (2) perceptual motor problems; (3) disorders of
attention, including perseveration; (4) short attention
span; and (5) distractibility (Wender, 1971). Often these
children exhibit soft or equivocal neurologic signs, in-
cluding abnormal EEG and the inability to periorm rela-
tively complex motor tasks such as hopping, tandem walk-
ing, or rapid alternating movements (Peters, Romine, &
Dykman, 1975; Quitkin & Klein, 1569; Satterfield, Lesser,
Saul, & Cantwell, 15973). Impulsivity and emotional labil-
ity are often chief complaints (Campbell, Douglas, &
Morgenstern, 1971). Specific learning disorders, speech
difficulties, and disorders of memory and thinking, al-
thiough not always associated with this syndrome, seem to
appear nevertheless very frequently in this population.
Problems in methematics and reading are especially preva-
lent (Wender, 1971). In general, the scholastic difficul-
ties reported seem to be related to marked perceptual

deficit and short attention span, as well as to hyper-



motility (Freiberg & Douglas, 1969; Laufer, Denhoff, &
Solomons, 1957; Palkes & Stewart, 1972; wWender, 1871).

Recently, bhyperactivity has been labeled minimum brain
dysfunction (1:BD) by the U.S. Department of Health, Educa-
tion and Welfare (1966, 1969). Wender (1971) pointed out
the confusion in the field regarding the labeling of the
core disorder. He presented a variety of names used in
classifying this disorder, including hyperactive or hyper-
kinetic child syndrome, minimal brain dysfunction, matura-
tional lag, postencephalitic wbehavior disorder, and wmini-
mal cerebral palsy.

In 1971, the Office of Child Development and the Office
of the Assistant Secretary for Health and Scientific
Affairs conservatively estimated the incidence of hyper-
kinetic disorder to be &% of the elementary school popu-—
lation (Report of the Conference..., 1971). Due to the
relatively high incidence of this syndrome, it is impor-
tant to develop clear diagnostic criteria for it and to
attempt to determine its causes and manifestations.

Individuals classified under the rubric of hyperactive
are characterized by involuntary overactivity. Recently,
however, Dykman, Peters, & Ackerman (1873); Pope (1970);
and Shaffer, hcNamara, & Pincus (1974) have presented
evidence indicating that some LiBD children are hypoactive.
They also stress the point that it is not the amount of
activity the child evidences but the fact that the activ-~

ity occurs in inappropriate situations which can lead to



the child's being labeled as hyperactive. However, two
lines of evidence supggest that not all hyperactivity can
be explained as inappropriate behavior. The first derives
from the fact that many hyperactive children are hyper-
active from birth (iender, 1971). In these cases, hyper-
activity does not seem to be situationally determined and
appears to be related to a naturally high rate of motoric
activity. Secondly, experimental evidence by Christensen &
Sprague (1973) shnowed that hyperactives had significantly
fewer seat movements after drug treatment and conditioning
procedures. Such a decrease might be expected if hyper-

actives were indeed more active than normals.

Factors in the ZLtiologzy of Hyperkinesis.

Introductory remarks. The etiology of this syndrome re-

mains a matter of speculation. Vender (1971) has impli-
cated a variety of etiologic factors. These are: (1) or-
ganic brain damage, (2) genetic transmission, (3) extreme
placement on the normal distribution, (4) intrauterine
"random" variation in biologic development, (5) fetal
maldevelopment, and (6) psychogenetic determinants. The
presence of any one of these etiologic factors does not
necessarily insure the expression of hyperactive behavior.
ror instance, a child with known organic brain damage may
not express hyperactive behavior at home but may demon-
strate hyperactivity when placed in a psychologically
stressful environment such as a classroom.

Organic brain damage. Theories relating the hyperkinetic




syndroine to underlying organic brain pathology are mainly
based upon the observations of similar behavioral aberra-
tions in children following known organic cerebral disor-
ders, e.g., encephalitis lethargica (Kahn & Cohen, 1934).

A review of the literature yields general agreement
that swany of the symptoms and signs exhibited by these
ciitildren may be due to brain damage. A number of studies
have shown a higher p:rcentage of EEG abnormalities in
nyperkinetics.

Burks (1955) found that 50% of 137 hyperactive children
had abnormal EEGs, two-thirds of which were of the parox-
ysmal, nonfocal variety. In comparison, only 9.6% of the
control group demonstrated EEG abnormalities. Satterfield
et al. (1973) found that 31% of their hyperkinetic popu-
lation exhibited EZG abnormalities, concluding that the
PEG examination played a significant role in the assess-
nent of the hyperactive child. Additional findings of
slow diffuse dysrhythmias in hyperkinetics reported by
Jlerry, /eiss, & Douglas (1964) add further support to the
high incidence of EEG abnormalities in hyperkinetic chil-
dren. Furthermore, Klinkerfuss, Lange, & Weinberg (1865)
found that the diffuse abnormal slow brain wave activity
seen in their hyperkinetic population did not improve
with age.

Based upon the fact that EEG abnormalities are seen in
cases of known organic brain damage (Meyer, Falconer, &

Beck, 1954), the high rate of occurrence of such abnormal-



ities in the nyperkinetic samples studied could indicate
some underlying organic patihology. urtaner evidence of
possible organic pathology comes from Prechtl & Stemmer's
(1962) study of 50 hyperkinetic children. All subjects
evidenced choreiform movements defined as slight jerky
movements winich occurred irregularly and arhytbmically in
different muscle groups. Typically, muscles of the tongue,
neck, face, and trunk were involved. The results are
limited in that a control group of children was not includ-
ed in this study.

Several recent findings are of interest as possible
mechanisms for an organic basis of hyperactivity. A model
of hyperkinesis secondary to lead poisoning was developed
by Sauerhoff & Michaelson (1973) and Silbergeld & Goldberg
(1974). In the latter study, mice were exposed to lead
acetate from birth and their activity was measured be-~
tween 40 and 60 days of age. Results showed mice treated
with lead acetate to be more than three times as active as
age~ratched controls. The second part of the study involved
the administration of drugs currently prescribed for
hyperkinetic children, including d- and l-amphetamine,
methylphenidate, phenobarbital, and chloral hydrate. The
treated hyperactive mice responded "paradoxically" to
stimulant drugs while phenobarbital increased their level
of motor activity. Additional evidence implicating lead
poisoning as a possible factor in hyperactivity comes from

a study by Oliver (1¢72) comparing a group of hyperactive



children with controls on two measures of body lead: (1)
blood lead levels, and (2) urine lead levels (after admin-
istration of an oral dose of a lead chelating agent).
Results showed hyperkinetics to have significantly higher
lead levels on both measures, with 60% of the urine lead
levels for this group being in the toxic range. However,
a subsample of hyperkinetic cinildren used in this experi-
ment didé not significantly differ from normals on both
measures of lead levels. This finding indicates that body
lead levels are not the only factor associated with hy-
perkinesis,

Sauerhoff & liichaelson (1973) found a 20 decrease in
dopamine in the brains of their lead-treated animals
relative to controls. There was no ciange in norepinephrine
content, however. They hypothesized, as did Wender (1971),
that hyperkinesis may represent an abnormality in cate-
cholamine netabolism, This deficienﬁy may be genetic in
nature or, as suggested by the aforementioned studies,
acquired as a function of pathologic agents. Either way,
the findings are of interest, especially in light of the
fact that: (1) the incidence of pica is highest in lower
socioeconoiiic groups, and (2) the occurrence of the
hyperkinetic syndrome is greatest in lower socioeconomic
groups (Silverman & Metz, 1973). As yet there is no posi-
tive evicdence of a defect in dopamine metabolism, however.

Asphyxia has also been implicated as a possible cause

of brain damage which might be expressed as hyperactive



behavior. i¥indle (1968) found that monkeys who had suf-
fered mild degrees of asphxia exhibited a syndrome char-
acterized by incoordination, especially eye-hand incoor-
dination, and clumsiness. He found that hyperactivity and
aggressiveness were early components of this syndrome.

Fetal malnutrition coupled with low birth weight has
veen of particular interest as regards the hyperkinetic
syndrome. In an early study of the effect of low birth
weight on development, Pasamanick & Knobloch (1959)
posited a "contipuum of reproductive casualty." The study
compared 500 low-birth-weight and 422 full-sized infants
at 40 weeks of age. Results indicated that neurologic
pathology increased as birth weight decreased. Denhoff
(1973) reported that low birth weight was associated with
his hyperkinetic sample.

Lead poisoning, abnormalities in catecholawmine metab-
olism, asphyxia, and fetal malnutrition are only some of
the posited mechanisms which could contribute to an
organic basis for hyperactivity.

Genetic transmission. Current research also lends

support to Wender's (1971) genetic transnission hypothesis
for this syndrome. Willerman (1973) asked mothers of 93
sets of same-sexed twins to evaluate both their activity
level and zygosity. Results indicated that intraclass
correlations for activity level were substantially higher
for monozygotic twins than for dizygotic twins. hioreover,

in twin sets, if the evaluation of one of the members



indicated hyperactivity, the monozygotic vartner also
showec¢ a sinilar activity level., This corrclation of act-
ivity level was not present with dizygotic twins.

Llorrison & Stewart (1973a) studied all of the available
natural parents of 59 children classified as hyweractive.
They found that those subjects who had a hyperkinetic
sibling or a parent who had a history of hyperkinesis
were more likely to have a cousin, aunt, or uncle similarly
affected. The evidence was interpreted as lending support
to a nolygenetic hypothesis for inneritance of hyper-
activity. Stewart & kMorrison (1971) interviewed the nar-
ents of 59 hyperkinetic and 41 control children., Relative
to controls, results demonstrated a higher incidence of
sociopathy, hysteria, and alcoholism in mothers and
fathers of hyperactive children. Murtaermore, a signifi-
cantly greater number of the parents of hyperactive chil-
dren had themselves been hyneractive as cinildren. They
raise the possibility that there was: (1) a link between
alcoholism, sociopathy, hysteria, and cihildhood hyper-
activity, and (2) the genetic and/or social transmission
of this syndrome from parent to ciild.

Morrison & Stewart (1973b), using psychiatric profiles,
compared the legal parents of 35 adopted hyperactive
children with the biologic parents of hyperactive chil-
dren and with a control group of parents. Results showed
that the high prevalence of hysteria, alcoholism, and

sociopathy found in the biologic parents of hyperactive



children was not found either in the adoptive parents or
in the control parents. Adoptive parents were not espe-
cially likely to have been nyperactive themselves.

The high incidence of hyperkinesis occurring within
the same family, the greater incidence of other disorders
such as alconolism, hysteria, and sociopathy in the par-
ents and relatives of hyperkinetics, and the greater prev-
alence of the hyperkinetic syndrome in sibs as opposed to
half-sibs appear to provide support for a hypothesis of
genetic transmission in hyperkinesis. The higa incidence of
alcoholism and sociopathy found in the parents and rela-
tives of hyperkinetics may represent different attempts
to handle similar genetic endowments in themselves, This
aporoach does not assume the genetic transmission of al-
coiolism and sociopathy; however, it does suggest that
there may be different behavioral responses which can
occur in an attempt to cope with similar genetic endow-
ments responsible for hyperkinesis,

To recapitulate, current studies lend supsort to the
hypothesis that hyserkinetic behavior may have some under-
lying genetic component. Acceptance of the genetic trans-
mission hypothesis, however, recuires further research.
For example, data on monozygotic twins of a hyperkinetic
parent(s) who are separated early in life and reared in
different foster homes would yield important information
regarding the genetic component in this syndrome. To date,

no such study has been reported.



Sociocultural factors. Occurrence of iiBD syndrome,

including hyperactivity, varies as a function of socio-
economic class. Silverman & kietz (1973) reported that
secondary schools in low-incorne areas had estimated rates
of occurrence of minimal brain damaze among their students
that were fully 2.8 times higher than those of secondary
scihools ot in low-income areas and about twice as high
as the estimated rates for all secondary schools. In a
study of 48 LiBD children, Denhoff (1973) reported that

his hywnerkinetic sample had parents wio were in the lower
social classes while children classiiied as hyporeactive
were found to come from higher social classes. Tarnonol
(1970), studying the relationsihin between i:BD and delin-
quency, found that a significant degree of minimal brain
dysfunction existed in minority-group delindquent sciool
dropouts. She stated that in lower-class populations tiere
are more predisposing or contributing factors to MDD such
as poor environment, poor nutrition, and poor physical
conditions than in higher social class populations. It
would anncar that socioeconomic factors nlay a role in

the LiBD syndrome.

Hyperactive behavior may be to some extent culture-
bound. PFoor inpulse control, agsressiveness, ayperactivity,
and emotional lability are rarely seen in sone American
subcultures. Sollenberger (1968) studied the hehavior of
Chinese-American children of New York. ile repnorted a

total lack of aguressiveness andé crying in tiiese children,



One would expect to find, purely on tihe basis of »reva-
lence figures for tinis syndrome, hyperkinetics anong
Chinese cihildren, That this does not seem to obtain
presents a strong arguament for cultiural relativity in tiae
xoression of nyneractive behavior. It would apbnear,
taerefovre, tiaat even with minimal organic damaze, the
adequate internalization of familial and cultural controls
may be enougih to curb hyperactive behavior.

Thus, the LiBD syndrome may be viewed as a resultant of
many variables, including organic, socioeconomic, behav-

iorsl, emotional, and cultural,

Physiologic Correlates of Hyperactivity.

Liany recent studies have compared normals and hyner-
kinetics on a measure of autononic arousal, basal skin
resistance (galvanic skin responses).

Dykman, Ackerman, Clements, & Peters (1971) found
lowered autononic reactivity in MBD children when con-
pared to normals. This discrepancy was most marked on
neasures oi skin resistance.,

Spring, Greenberg, Scott, & Hopwood (1974) found a
significant difierence between ayperactive and normal
boys on neasures oi specific (GSR) responses. Normals had
larger nean amplitude snecific GSRs than hyperactives.
The investigators concluded that, as a group, hyperactive
subjects were less aroused than norials. However, not all
studies reported underarousal,

Knopp, Arnold, Andros, & Smeltzer (1973) reported that



23% of their hyperkinetic sample was underaroused while
36% was defined as overaroused. Furthermore, Satterfield &
Dawson (1971) reported that some of their hyperactives
were overaroused when compared with normals. Finally,
Zahn, Abate, Little, & Wender (1975) reported no signifi-
cant differences in baseline autonomic arousal levels
between normals and hyperactives. In general, however,
BD children were found to be less reactive autonomically
to all types of stimuli.

In view of the conflicting results obtained in these
well-constructed studies, it is not clear at this time
whether hyperactive children are autonomically over- or

underaroused.,

Overview of the Theoretical Aoproaches to the Hyperkinetic

Syndrome.

There are, as has been shown, a variety of theories as
to the physiological and psychological mechanisms under-—
lying the hyperkinetic syndrome. Abrams (1968) felt that
this syndrome reflects a delayed and irregular maturation
nattern manifesting itself through metabolic, chemical,
genetic, emotional, or otier unknown means. Laufer et al.
(1957) suggested that the cortex does not adecuately
modulate the diencephalon. Luria (1960) viewed hyperki-
nesis as a delay or disruption in the development of the
inhibitory processes in the brain due to brain damage.
His interpretation feollows the classical Pavlovian model

of behavior as produced by the subtle interplay of excita-



tory versus inhibitory processes. Zaporozhets (1857)
postulated taat hyveriiinetic cuildren are unable to ad-
vance heyond tiie external and investipatory behavior of
early iife and remain dependent on tactile innuts in order
to respond to external stimuli. Wender (1271) viewed the
etioloyy of the syndrome in terms of an abnormality in
the metabolism of monoamines. Sokolov (1963) saw hyper-
Kinesis as an inapility to inhibit the orienting response,
i.e., to habituate to stimuli., Relevant to Sokolov's
failure-to-habituate argument are the findings by Hunt
(1965) and Berlyne (1966) indicating that even apparently
familiar scenes or objects are consistently treated as a
new nerceptual situation by the hyperkinetic child., Stim-
uli possessing a moderate degree of novelty for normal
subjects evoked hizh levels of attention and exploration
in the aynerkinetic child.

Satterfield & Dawson (1971) have suggested that hyper-
activity may be viewed as secondary to a condition of low
arousal. This tieory views hyneractive behavior as an
attempt to increase pnroprioceptive and exteroceptive
sensory input.

Recently, Zahn et al. (1875) nroposed a rniodified ver-
sion of the underarousal hypothesis. They hypothesized
that the ontimum arousal level (i.e., the level that pro-
duces ontimum performance) is higlhier in hyperkinetics

than in controls.



Brief Review of the Oculomotor System.

Although abnormalities of body movement, ocular mobil-
ity, and visual-oculomotor coordination have been ana-
lyzed quantitatively by standard physiologic techniques
in a variety of nervous and learning disorders, most of
the early studies of hyperkinetic caildren have been
largely qualitative or descriptive in nature. In partic-
ular, there have been no quantitative studies of visual-
oculomotor function in hyperkinetic children despite the
fact that their visual-motor or perceptual deficits seem
tc be an important cause for their learning disorders and
poor school performance. The following is a discussion of
aspects of the oculomotor system which have relevance to
the present approach to the study of the hyperkinetic
syndrotie .,

Description of eye movements. Dodge (1903) described

five types of eye movements which occurred in the hori-
zontal plane. Two of the five types he specified were the
saccadic (quick eye movement) and the pursuit (slow eye
movement).

Saccades occur wien a subject guickly looks between
two stationary points in the visual field (Yestheimer,
1954b). Forward saccades made during the pursuit of a
moving stimulus serve to bring tihe eye onto target and,
as Rashbass (1961) has indicated, are stimulated by the
position of tihe target. Saccadic eye movements can be

voluntary. Maximum attained velocity of a saccade may be



upwards of 700° per second (Fuchs, 1971; Robinson, 1964).

Pursuit movements are elicited in response to movement
of a stimulus across the retina and are not, as far as is
currently known, under voluntary control. The function of
pursuit movements is to match eye velocity to stiwulus
velocity, thereby creating a stationary image on the
retina. Rashbass (1961) indicated that pursuit movements
alone could not bring the image of the target to the
retina., Dodge et al. (1930) and Young (1S71) reported the
maximum velocity capabilities of the pursuit system to be
on the order of 40° per second. Above this velocity,
tracking becomes more saccadic in nature.

Saccadic system. Wagman (1964) and Wagman, Werman,

Feldman, Sugarman, & Krieger (1957) used stimulation
technigues to evoke eye movements in monkeys. Findings
indicated that bilateral conjugate deviations could be
elicited from many areas of the cerebrum including the
frontal and occipital eye fields as well as subcortical
areas such as the hippocampus, pulvinar, thalamus, supe-
rior colliculus, putamen, caudate nucleus, and globus
pallidus.,

More recently, Robinson & Fuchs (1969) studied eye
movements evoked by stimulation of frontal eye fields in
monkey. Stimulation of various locations elicited contra-
lateral conjugate saccades whose amplitudes ranged from
1° to 70°. Typically, these saccades occurred 25 msec

after the onset of stimulation., Changes in stimulus param-



eters or initial eye position were found to have very
little effect on the amplitude and direction of the
evoked saccadic eye nmovement.

Bender & Shanzar (1964) defined the oculomotor path~
ways in the brain stem of the monkey using electrical
stimulation and lesion techniqgues. They concluded that
there was a convergence of oculomotor pathways originating
from various parts of the cerebrum onto the pretectum and
midbrain areas., In particular, the lower midbrain and
paramedian pontine tegmentum were stressed as being sites
of convergence for various impulses which acted in the
initiation and control of saccadic eye movements. The
investigators also stressed the fact that both the mid-
brain and pontine portions of the oculomotor pathways
occupy the same general location as aoes the excitatory
portion of the reticular formation.

Colien & Henn (1972), recording in the brain stems of
monkeys, found unit activity in the paramedian zone of
the pontine reticular formation (PPRF) which was associ-
ated with saccadic eye movements. Units were found whose
firing preceded saccades by 12 to 20 msec. liore recently,
Buttner-Ennever & Henn (1976) traced anatomical connec-
tions from the PPRF to the ipsilateral abducens nucleus.

Pursuit system. Less is known about the pursuit system

than about the saccadic system. Based upon stimulation
and lesion data, Cohen (1971) arrived at the conclusion

that partially separate neural groups in the paramedian



pontine reticular formation were responsiblie for the pro-
duction of both slow and rapid eye movements. Bizzi (1970),
recording in unanesthetized monkeys, found cells in the
frontal eye fields whicih fired during smooth eye move-

ments and slow phases of nystagmus.

Physiology of Pursuit.

It has been experimentally shown that normals make
corrective saccades during pursuit of a visual stimulus
(Dodge, 1903; Westheimer, 1954a). Rashbass (1959, 1961)
experimentally demonstrated that smooth eye movements
were responses to stimulus movement and not to stimulus
position. By causing a stationary spot (stimulus) to
change position suddenly in one direction (i.e., to the
left) while subsequently giving it a velocity in the
opposite direction (i.e., to the right), he observed that
the subject's eyes responded by moving in a direction
that was away from the position change of the stimulus
(i.e., to the right). Results indicated that the function
of the smooth pursuit mechanism was to attain a station-
ary image on the retina by matching eye movement velocity
with stimulus velocity. Velocity matching was performed
regardless of errors in position of fixation. Errors in
target fixation were corrected by saccades which occurred
within 200 msec after the beginning of slow movement.

The latency between successive corrective saccades was on
the order of 200 msec. During normal pursuit performance

(not preceded by a change of stimulus position), smooth



pursuit movements occurred after a reaction time of approx-
imately 150 msec. Subseguently, eye velocity reached
stimulus velocity in approximately 400 msec. Due to the
initial reaction time, the point of fixation of the eye
would always be trailing the target even when they were
both traveling at the same speed. This lag was corrected
for by one or more saccadic eye movements which served to
bring the point of fixation of the eye onto the pursuit
target.

Corrective saccades made during smooth pursuit move-
ments were characterized as being forward saccades
(Rashbass, 1559, 1961; Robinson, 1965). That is, they
occurred along the track of the pursuit stimulus always
in the direction of stimulus nmovement and served Lo cor-
rect for discrepancies between eye position and target
position. Saccades occurring in the direction opposite
that of stimulus movement (backward saccades) were not

seen, even under barbiturate administration.

Present Experinent.

Related research. There is a dearth of guantitative

research on eye movements in hyperkinetic caildren al-
though an examination of the literature yields many
references to problems involving figure-ground percep-
tions, visual motor integration, perceptual organization,
and visual processing (Denhoff, 1973; Klatskin, McNamara,
Shaffer, & Pincus, 1972; Strauss & Werner, 1941; Tarno-

pol, 1970; Wender, 1973).



One of the presumed functions of eye movements is to
bring features of the stimulus onto the most sensitive
part of the retina, the fovea centralis. Fleming (1969)
stated that the perception of an event can be characterized
as a process consisting of an extensive series of eye
movements which serve to explore a visual event, thereby
analyzing that event. Fleming assumed that a synthesis of
that visaal event is then constructed from this analysis.
Presumably, any defects in the eye movements of nyper-—
kinetics could contribute to problems in visual analysis
and consequent synthesis of visual events.

Cantor (1$71), Denhoff (1973), and Strauss & Werner
(1941) have reported strabismus and saccadization of
pursuit movements in hyperkinetics. The reports of sac-
cadization of pursuit are gualitative and do not inciude
guantitative analysis of comparisons between uyperkinetic
and normal zroups as to the number or amplitude of eye
movenments,

Bogacz, Mendelaharsu, & liendelaharsu (1$74) reported
saccadic pursuit in a group of children diagnosed as
developmental dyslexics. In comparison to controls, the
dyslexic children made more saccadic eye movements during
horizontal pursuit. In view of these findings, it is of
interest to determine whether pursuit problems also exist
in children who are hyperactive.

Laufer et al. (1957) characterized their hyperkinetic

subjects as showing poor powers of concentration as well



as short attention spans. Grassi (1970), using an audi-
tory vigilance paradigm, demonstrated that brain damaged
and behavior disordered children missed more signals than
control subjects. According to Grassi, the behavior dis-
ordered and brain damaged children exhibited a greater
buildup of reactive inhibition during the task, which
resulted in a breakdown of attention. This inability tc
sustain periods of attention may be directly related to
the restless hypermotility demonstrated by hyperkinetics.

Sykes, Douglas, & Morgenstern (1973) found that, rela-
tive to controls, hyperactives showed no difference in
their ability to direct attention for brief periods of
time. However, they found hyperactives to be significantly
inferior to controls in their ability to sustain atten-
tion, particularly on the experimenters' paced task. The
inability to sustain attention appears to be due to a
general lack of, or inability to control, inihibitory
processes,

Many studies have indicated a high level of motor
activity in hyperkinetic children (Laufer et al., 1957;
Satterfield et al., 1973; Wender, 1973). Recent findings
by Pope (1970) and Shaffer et al. (1974) have questioned
the concept of hyperactivity in these children. There
has also been disagreement &s to what such devices as
ballistographs, pedometers, actometers, accelerometers,
etc, measure. The classification of a child as hyper-

active would seen, therefore, to depend on the guestion



asked, e.g., gross activity level versus restlessness, and
on the type of measuring instrument used. In view of this,
the guestion arises as to whetiher the putative hyper-
motility of these children might also be reflected in
their extraocular physiology.

Hypotheses. In view of the foregoing experimental evi-

dence, the present study was undertaken to test the fol-
lowing hypotheses:

(1) Hyperkinetics evidence trouble with smooth pursuit
movements:

(a) The number of eye movenents is greater for
hyperkinetics than for normals.

(b) Eye movement amplitudes are larger for hyper-
kinetics as compared to norinals.

(2) Hyperkinetics are not able to sustain long periods
of attention to the visual stimulus and evidence many
movements unrelated to the task.

(3) Hyperkinetics show a developmental lag as regards
normal age-related developmental changes in eye movements

relative to controls.



Chapter II Methods and Materials

Subjects.

Twenty male control children were compared with 14
male hyperkinetic subjects. Each subject received $10,00
for participation in the study. Both clinical and control
groups were matched for age. Age matching was accom-
plished using group distributions rather than yoked con-
trols. The children ranged in age from 5 to 10 years.

The mean age of the hyperkinetics was 88.4 months

(range, 68-125 months; sd, 19.1 months) and of the con-
trol children 95.7 months (range, 60-124 months; sd, 18.7
monthsk A t test yielded no significant differences in
age between the two groups (t = 1.104, p< .20). Normal
children were recruited from private schools in New York
City which served middle-middle-~ to high-middle-class
environments. No scholarship cases were included in the
normal sample. Those normals exhibiting nervous or
psychiatric disorders were excluded. Those normals denon-
strating physical or visual problems were also excluded
from the present study. Originally, it was planned that
the control sample would be drawn from the public sciiool
population, thereby yielding a greater heterogeneity of
IQs and socioeconomic classes. However, due to adminis-
trative procedures, it would have taken at least a year
and a half to first secure permission from the Board of
Education to enable collection of such a sample. Conse-

quently, private school nopulations were used, resulting



in a group that had a mean I{ wihich was clearly above
average and which was of a higher socioeconomic status
than that of the hyperactives. Hyperkinetic children were
drawn mainly from the Pediatric Neurology Clinic at
Zlmhurst Hospital, which services a middle-class and
lower-middle-class population. In addition, a small sepg-
ment of the clinical population (five subjectis) came from:
(1) a private school for minimally brain damaged and
learning disordered children, and (2) private practice,
This subgroup of five children came from middle-class to
higzh-middle-class environments. A test for significance
between the mean socioeconomic status of the control and
iiyperkinetic groups was not nerformed, but data indicated
that the number ana amplitude of eye movements were de-
termined by dizagnosis rather than by social class. The
most striling case was that of a set of dizygotic twins,
one diagnosed as hyperactive and the other as normal
(KW and MW). The twins came from the Elmhurst sample and,
while they both uad the same socioeconomic status, their
performances on the test were widely disparate. The nor-
inal member of the twinship (XKW) showed data that fell
well within the normals' distribution (private school
sample) while the hyperactive member of the set (L)
demonstrated data for the same test which fell into the
upper part of the hyperkinetics' aistribution.

The diagnosis of hyperkinesis was based upon: (1) hist-

ory, (2) neurologic examinations, (3) psychiatric evalua-



tions, and (4) psychological testing. Two nyperkinetic
subjects nad experienced seizures. In the first case, the
seizure (tonic-clonic with eyes deviated to the rizht)
occurreda at 3 months of age (present age, 68 months) and
was associated with H flu meningitis. In the second case,
the seizure occurred at 5 years of age (present age, 103
months) concomitantly with high fever. According to
Chusid (1970), convulsions in the oresence of high fever
are commonly encountered in young chiildren. 3ince both
subjects siowed no further convulsive activity or evi-
denced any B&G abnormalities, tae presence of the single
convulsive episode was not considered as an influencing
or biasing factor in the present study. In adcition, two
subjects evidenced strabismus (esotropia) which was sub-
seguently surgically corrected., In one case it was al-
ternating in cnaracter. None oif tiae other subjects ex-
nibited hard neurologic signs, or definite sizns of brain
dysfunction or organicity. No abnormal EEGs were found in
the hyperikinetic group. As is typical for hyperkinetics,
most displayed "soft" neurologic siyns such as poor motor
coordination, poor rapid alternating movements, and pocr
fine motor control. A summary of the findings in the
hyperkinetic cuildren is given in Table 1. In all cases,
soft signs were of no specific help in localizing possible
dysfunctions.

Since initial testing took place during the academic

year, the parents of the four subjects on drug were con-



TABLE 1

SULLARY O MEOICAL PINDINGS

IN Tis HYPORRINSTIC POYULATION

No. of % of
lledical Finding Cases Population

Birth pnroblems 4/14 28
Right/left confusion

(no dominance pnattern)| 3/14 21
Abnormal fine motor

coordination 7/14 50
Abnornmal gross motor

coordination 5/14 4:2
Hyneractivity onset at

birth 4/14 28
ilyperactivity onset at

0-4 years of age 5/14 35
Hyneractivity onset

after 4 years of age 5/14 35
Strabisnus 2/14 14
Delayed develonmental

milestones 1/14 8
Normal LEBEG 14/14 100
History of convulsions | 2/14 14




cerned that a drug-~free period would adversely affect
thelr cnild's academic and interpersonal sciiool adjust-
ment. As a result, they refused to remove their ciildren
from drugs for the l-week period prior to testing.

Gross & Wilson (1974), in a study of 817 IBD children,
obtained WISC Performance and Verbal IQ data on 420 pa-
tients. They reported the Performance I¢ to be higher in
more cases than the Verbal IQ. Because it was considered
advantageous to measure the child's best performance and
because each subject would have to return for a lengthy
test session if the Full Scale I( were to be obtained,
it was decided to use the WISC Performance IQ measure in
both vopulations. WISC Performance IQs were obtained on
16 of the 2C control subjects, yielding a mean Performance
I of 118 (range, 96-138; sd, 11). For two of the 14
hyperkinetics, no I{ data were available. WISC Perfor-
mance IQs were obtained on eight hyperkinetic subjects,
vielding a mean I¢ of 98 (range, 82-123; sd, 17). It was
not possible to obtain WISC Performance IQs on six of the
14 hynerkinetics because either the parents objected to
further testing of their child or, after repeated attempts,
the parents could not be reached. However, four hyper-
kinetics had been given other measures of Iy (three sub-
jects scored 78, 82, 83 on the Stanford-Binet, one sub-
ject scored 130 on the Peabody).Only one subject scored
in the borderline defective category (78 on Stanford-Binet).

An attempt to restrict the hyperactive group to an IGQ



range comparanle to that of the normals would have re-
sulted in the loss of over 63% of the sample. It was

therefore decided to use the discrepant It samples.

Procedure,

Testiny was conducted in a 1ight—sheltereé, air-
conditioned laboratory at Lount Sinai Iosnpital. During
the test sessions, the subjects sat in a chair with an
adjustable head and chin support (see Figzure 1). Head
restraint, if necessary, was provided by the examiner's
nolding tihe subject's head liphtly. Both horizontal and
vertical eye movenents were recorded using electrooculog-
raphy (E£0G), which is accurate for eye movements between
2° and 40°. In the horizontal channel, eye moveunents to
the right »roduced upward trace deflections, wihile eye
movements to the left resultec in downward trace deflec-
tions. In the vertical channel, both upward and downward
eye movenents caused sinmultaneous trace deflections in
the direction of the eye movement. Since the EOG is sub-
ject to drift, the data were analyzed, and an average
rate of drift was calculated to be on the order of .36°
per second; range, .004° per second to ,76° per second. A
large proportion of records demonstrated no drifit for the
duration of the task being analyzed.

Iye movements were induced using various visual stim-
uli projected onto a white tramslucent screen by rear
projectors. The projection screen was 1 meter from the

subject and covered about 40° of the central field. The
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Fig. 1. A, Typical subject during test. Subjects sat in
a chair with an adjustable head and chin support. B, Sub-
ject's view of the adjustable head and chin support facing
a white translucent projection screen 1 meter away. The
screen covered about 40° of the central field.



test procedure was as follows:

First, visual stimuli consisting of white dots were
presented using a film. The white dots were in the mid-
position, and 15° and 20° from the midposition. The sub-
ject was instructed to look at these dots. The dots were
first presented in tie horizontal plane and secondly in
the vertical plane. In this way, horizontal and vertical
saccades of known amplitude were made. These were used
for calibrating the record. The onset of spot movement
was coded using a digital code (BCD) and recorded by a
photoelectric cell in the lower-left-hand portion of the
field.

After saccades were recorded, a »ursuit target was pre-~
sented using a waite dot moving at 221%° per second. Pre-—
vious experimental evidence (Dodge et al., 1530; Young,
1971) has sanown that the pursuit systewm is capable of
tracking visual targets moving up to 40° per second.
Based upon this evidence, it was felt that a stimulus
velocity of 22%° per second would be well within the
range of parsuit capability of children. Because the pur-
suit target was presented by film, it was not continuous,
but had a flicker rate of 24 frames per second. Iowever,
although discontinuous, the stimulus was of equal length
for all subjects. The movement of the spot on the screen
induced smooth or "ramp" eye imovements of 30° in the
horizontal plane (15° right, 15° left) and in the vertical

plane (15° up, 15° down). At the end of each 30° excursion



of the stimulus, stimulus movement was halted for approx-
imately 750 msec. A graph of spot movement to the right
and left against time is showm in Figure 2., The duration
of stimulus movement was 9.3 seconds, and total task time
was 14.5 seconds.

Optokinetic nystagmus (CKN) was also induced by moving
stripes. An ambiguous, heart-shaped figure similar to that
used in the Russian studies (Zaporozhets, 1957) was then
presented in order to promote scanning and pursuit move-~
ments. l"irst, the subject viewed the iigure for 30 seconds;
tien, a white pointer appeared on tile screen and the child
was instricted to watch the pointer as it moved around the
edze of the figure. Calibration was tien repeated as pre-
viously described,

Next, age-appropriate test slides from the Raven's
Progressive liatrices were used to elicit scanning move-
ments during visual problem solving. Many of these eye
movenents were vertical or oblique. The slides were pro-
jected onto the screen using a carousel nrojector. After
each slide, the child was instructed to look at a center
spot. The head was restrained ligintly, if necessary, by
the examiner, The child's verbal resnonse to the test was
recorded separately. After viewing the siides from the
Raven's Progressive Matrices, older cihildren were show
reading slides appropriate for their age and development
(Californie Reading Test, Form W, Grades 1-6). These

slides induced horizontal scanning movements., After each
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Pig. 2. Gravhic representation of stimu-
lus movenent versus time. The 1° »ursuit
stimulus initially appeared in the midposi-
tion (see arrow indicating stimulus onset)
and traveled 15° to the rigpht at 22%° per
second. Subsecuent stimulus excursions at
the same velocity covered 30° of the visual
field (15° right to 15° left). At the end of
each 30° excursion, stimulus noverent was
halted for anproximately 750 msec. Total
duration of stimulus movement was 9.3 sec-
onds and total task time was 14.5 seconds.



slide, comprehension was tested and recorded. The chil-
dren were also given a visual motor coordination task,
the Seguin Form Board (Merrill-Palmer Scale of hiental
Tests). This test was given with the head free, and eye
movements were recorded during two trials.

A white rotating drum 36 inches in diameter and 24
inches high with 3° black stripes, each at 45° intervals,
was then lowered over the child's head., The drum was
internally lighted and filled the field of vision. It
provided a standard environment and was rotated to pro-
voke optokinetic nystagmus. First, with the darum still,
spontaneous eye movements were recorded for 60-second
periods, bothh in light and in darkness. Next, the child
was instructed to stare at a spot in front of him ifor as
long as he could withiout moving his eyes. Tihe lengtihh of
time to the first eye movement was measured on several
trials. Optokinetic nystagmus was then induced using
constant-velocity drum rotation of 22%°, 45°, and 67%°
per second.

The drum was then lifted and the calibration film
nreviously described was again presented, concluding the
session. The entire test took about 30 minutes, and the

test session, with application and removal of electrodes,

took from 40 to 45 minutes.

Analysis of Data.

To analyze the data, portions of magnetic tape asso-

ciated with different test conditions were identified



both by simultaneous voice comments on one channel of

tape and from the BCD code which was separately recorded
on another channel. In this thesis, analysis is restricted
to horizontal eye movements wnich occurred during the
pursuit portion of the film presentation.

Analysis of eye movements was performed using a small,
general-purpose digital computer (Digital Couipment
Corporation, PDP 8/E). Data of interest were digitized
and stored on digital magnetic tape (Dectape). During
digitization, the horizontal and vertical positions of
the eyes were sampled 600 times each second. One hunared
and forty-five seconds of consecutive data could be stored
on one Dectape. After the eye movements were digitized,
the beginning and ending of eye movement and the occur-
rence of blinks were identified and marked by the computer.

Frograms for marking and identifyinp eye movements in
primate data were operational at the beginning of this
experiment. These programs accurately identified and
marked 95% of these eye movements. However, for human
data, these same programs failed to mark adequately the
beginning and ends of eye movements and at times failed
to mark movements at all. Currently, as a result of this
research, programs for identifying and marking eye move-
ments recognize 97% of eye movements and S5% of biinks.
The general character of the marking program is as follows:

The computer continuously samples the digitized eye

movement data at a sampling rate of 1.6 msec and writes



the digitized values on digital magnetic tape. iach 1.6~
msec sample consists of an X (horizontal EOG) and a Y
(vertical EOG) channel voltage. In order to determine the
beginning of a movement in either the horizontal or verti-
cal plane, four X and Y values are taken in the X and Y
channels, For each channel they are then arranged accord-
ing to increasing values, The median value for the 6.4-
msec sample 1s calculated. These median values are then
compared to the wedian X and Y values obtained for the
next G6.4-msec sample. If the difference between them is
equal to or exceeds a thwreshold value, the computer
recognizes that a movement has begun. It marks the eye
movement beginning on %ape using an ofifset time, which
accounts for error iu detecting the exact begilinning of

the eye movement. The error arises from the sample time
intervals used in determining the beginning of the eye
movement. If the difference is less than threshold, the
program discards these values, moves up the tape 1.6 msec,
and begins again.

When a beginning of an eye movement is found and
marked in either the X or Y channel, a blink check routine
is enabled. A rapid up followed by a rapid down movement
occurring in the vertical channel within a specified time
interval (112 msec) is defined as a blink. If the move-
ment is not a blink, the computer then samples both the
X and Y channels for the occurrence of the end of the

novement. A movement end is defined as a difference be-



tween sample medians which is equal to or less than the
end thresihold value. The end value subroutine is difier-
ent than tae beginning value subroutine in that it re-
quires botir the X and Y channels to f£all below the speci-
fied threshold value. The end of a wovement is mariked on
tape after introducing another offset to correct for
error introduced by use of the median routine. The marked
dizitized data are then displayed on an oscilloscope and
visually confirmed,

"FFocal" programs were then run on tihe marked data,
whicit yielded amplitudes, durations, anc¢ numbers of eye

movements marked, Focal is a hipher-~level interactive
program:ing lanzuage. Figure S presents a replay of
di,itized data from the computer. The downward deflection
of the traces in A and B shows two movemrents to tie left
wiich occurred during horizontal pursuit. Tie beginning
of each novement is marked by a small upward tic and the
end by a small dovnward tic. This shows that the program
accurately identifies and marks both small and large
saccades., C shows horizontal and vertical EOG recordings
during two horizontal movements to the left of about 2°,
There was no deflection in the vertical BOG (the lower
trace), indicating that the eyes did not move up or down
during the movements. Also of importance is the fact that
although the movements were of difierent Gurations, the
beginnings and ends were correctly marked.

Initially, the data were plotted and correlations
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I'ig, 3. Display of digitized
data fromn the computer. The down-
ward deflection of the traces in A
and B show two movenents to the
left occurring during horizontal
pursuait. The beginning of each
movement was narked by a small up-
vard tic and the end by a small
dovmward tic. These traces demon-
strate the accurate identification
and marking of both small and large
saccades. C depicts horizontal and
vertical I0G recorcings during two
horizontal nmovenments to the left of
about 2°. There was no deflection
in the vertical E0G (lower trace),
indicating that the eyes did not
move up or down during tihe move-
ments. ifven though the movements
were of different durations, both
the beginning and ends of the move-
nents were correctly marked. The
vertical bar to tihe right of C rep-
resents 20° of deviation for both
the horizontal and vertical EOGs.,



between dependent and indepencent variables were calicu-
lated. In the case of significant correlations, regression
equations were conguted using least-scuares tecaniques;

t tests were calculated when appropriate., Analyses of
variance and covariance were run on an IBM 370 computer
asing the SPSS (Statistical Package for Social Sciences,
New York: McGraw-Hill, 1973). One-way analyses of variance
(ANUVAR) were performed to describe the relationsaips
between variables. An analysis of covariance (ANCOVAR)

was used to study the effects of factors and covariates

on dependent measures using regression techniques resi-
dent within the ANCGVAR program., This analysis adjusts

for the effect on the dependent variable of each factor
and covariate wien assessing the effect of any one given
variable, thereby yielding a measure of the unicgue variance

associated with any given factor or covariate.



Cnapter III Results

Gunalitative.

Two guestions arose at the beginning of this study:
Vould hyperactive children sit still long enough for the
coliection of meaningful data, and could EOG be used to
record thneir eye movements? A small number of hyperactive
children initially reacted strongly to the test by crying
and refusing to pay attention or sit still, but most were
cooperative. Data were taken from agitated children only
after they had calmed down and were able to attend to the
tasks. None of the normals exhibited these benavior pat-
terns. Bxperience in testing these children cemonstrated
that £0G could be used to record eye movements of hyper-
kinetics. We were able to complete testing in all the
ciildren.

The decision to analyze saccadic eye movenments during
horizontal pursuit was made on theoretical and practical
grounds, Theoretically, pursuit is known to be a very
sensitive index of central nervous system disorders (e.g.,
Parkinson's disease), and it was expected that if hyper-
motility were manifested in eye movements it niight be
present as saccadic interruption of smooth pursuit.
Furthermore, pursuit performance reguires a sustained
focus of attention to the stimulus. Therefore, distract-
ibility coulé¢ result in saccadization of pursuit. In
addition, pursuit periormance was viewed as a measure of

oculonotor performance with a minimum of cognitive in-



volvement in comparison to eye nmovements made during
reading or on the Raven's Progressive hatrices Test.
Simplification was considered an advantage bnecause of the
nany variabvles already present. Practically, inspection of
L0G tracings showed that there were gualitative differ-
ences bvetween norrais and hyperkinetics during pursuit.

In assessing pursuit performance, a first guestion was
whether the ciildren could or wouldé follow tiae 1° dot
moving, in the horizontal plane at 221° per second. Results
indicateda tinat both normal and hyperkinetic subjects did
foliow adeguately at some time during the pursuit taslk.
The graph of stimulus movement versus time shown in Figure
2 can be comparec to eye movement tracings shown in
figures 4-6, which were recorced in response to this
stimalus.l There was a denonstrable syncarony betuween eye
and stimulus movenents and between periods of ifixation
when there was no stimulus movement. In each subject, it
can be seen that at least for several cycles, pursuit
eye movements were in phase witn stimulus movements and
slopes of slow eye movenents appeared to correspond to
slopes of pursuit movements. These tracings demonstrate
that botin normals and hyperkinetics followed directional
lIt will be seen that the oculaf responses to thne 30°
stimulus excursions are larger in sone records than in
others. This 1is due to different ZCG gains caused by
variations in electrode placenents and to individual
resistance differences. To analyze tne records, each
subject was calibrated independently and an individual

conversion factor (bits per degree) was calculated for
use in quantitative analyses.



Fig. 4. First and second pursuit tasks of
normals., Tihe stimulus is shown in Fig. 2.
Periods of fixation are separated by 30° of
horizontal deviation. Note: 1. liany normals
had large forward saccades occurring within
the first second after stimulus onset. In
sone records, these saccades occupied the
entire initial 15° pursuit segment to the
right (arrows, B', D, E, E'). 2. In some rec-
ords, large to and fro saccades occurred dur-
ing the initial pursuit segment (arrows, A
and A'). 3. Normals made fewer and smaller
saccades on the second pursuit presentation
than on the first (compare A' to A and B' to
B). 4. Despite a decrease in eye movements
from first to second pursuit tasks, saccades
tended to occur in the same place (arrows, D
and D'). 5. Normals with high WISC Perfor-
mance IUs (118-138) made more saccadic eye
movements than normals with lower WISC Per-
formance IQs (96-117). Compare D and D' from
an 8-year-old with an IQ of 96 to E and E'
from a 9-year-old with an IQ of 135.
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Fig. 5. First and second pursuit tasks
of hypnerkinetics. Note: 1., Large forward
saccades occurring within the first second
after stimulus onset (arrows, B, E, F, F').
2. Large to and fro saccades during the
initial pursuit segment (C, C', D, B, F).
3. Large-amplitude saccades away from the
pursuit path (A', B, B', C, C', E, B').

4. Some hyperkinetics made fewer eye move-
ments on the second pursuit task than on
the first (B and B'). However, pursuit
performance in other hyperkinetics was
worse on the second presentation (C and C').
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Fig. 6. Typical pursuit records of nor-
mal and hyperkinetic subjects for the sec-
ond pursuit task. Normals made few large
saccadic eye movements away from the pur-
suit track. Their pursuit performance was
cnaracterized by many small saccades along
the target nath and periods of smooth fol-
lowing (A-C). lyperkinetics often had large
saccades away from the pursuit track (D, E).
Hyperkinetics frequently paused longer after
the stimulus had changed direction and then
made larger forward saccades towards the
target pata (D, E).
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changes in the stimulus with annropriate pursuit move-
ments for at least part of the test. Furthermore, both
nernals and hyperactives showed periods of fixation whose
times of occurrence and durations corresponded with the
actual times the stimulus was known to stop its movement.
Therefore, although tracking was not performed edgually
well by all ciaildren, there was indication that both
normal and hyperkinetic children could track appropriately.

gualitative analysis of the pursuit records snowed
that many normal and hyperkinetic chiildren had large
forward saccades occurring within the first second after
stimulus onset. In some records, these saccades occupied
the entire initial 15° pursuit segment to the right
(arrows, Figure 4B', D, E, £'). In other records a for-
ward saccade that overshot the target was followed by a
backward saccade onto target. In these records, a larger
proportion of the slow pursuit neriormance during the
initial 15° segment was preserved (arrows, Figure 5B;
Figure 6B, D). Finally, a distinct group of recoras evi-
denced large to and fro saccades occurring during the
initial pursuit segment. This type of response was seen
more often in hyperkinetic children than in normals and
usually occurred during both pursuit tasks (Figure 4A, A'j;
Figure 5C, C', D, D', F).

In part, these initial responses may be linked to an
element of surprise. That is, the calibration task imme-

diately preceding the first pursuit presentation had re-



quired the subject to make 15° and 30° saccadic eye move-
ments in the horizontal and vertical planes, and the sub-
jects had no prior information about tiie pursuit task.
However, the initial saccades could alsc have been an
individual response to a new stimulus since many of the
children made almost exactly tihe same response waen the
test was repeated 20 to 30 minutes later.

The pursuit task was given twice, once at the beginning
and once at tihhe end of the test session in order to repli-
cate the findings of the initial test. It seened reason-
able to suppose that the children migzht modify their
tracking behavior so that it was smoother and more ef-
ficient on a second occasion. Figure 4 contrasts pursuit
performance between first and second pursuit tasks for the
normal Lroup. The records siown in this figure represent
the nmost erratic pursuit of the normals., In these and
other normals, a consistent finding was that they made
fewer and smaller saccades on the second pursult presen-
tation than on the first. Record A of Figure 4 is the
first pursuit test of a 6-~year-o0ld child. There were many
large saccades away from the pursuit track and in the
third cycle of Figure 4A the ciild no longer pursued the
stimulus. However, on the second presentation (Figure 44'),
pursuit was smoother and there was not the same interrup-
tion of trackinyg during the third stimulus cycle. Record
4B is from a 7-year-old boy. It was punctuated by many

saccades which occurred during all cycles of the first



pursuit task. During the second pursuit task (Figure 4B'),
tilere were fewer saccades, especially during the last two
stimualus cycles. The same was true for the records shown
in Figure 4C-E, It is of interest to note that despite
the decrease in eye movements, there were basic similari-
ties between the first and second tests and saccades
tended to occiur in tne same place. The arrows in records
D and D' of ifigure 4 from an 8-year-o0ld show similar
saccadic movements occurring in the second pursuit cycle,
when the subject was changing pursuit direction from left
to right and again from right to left. Many other exam-
ples of saccadic interruptions occurring at the same
place during smooth pursuit in other normals can be seen
in Figure 4A-E,

Another interesting trend which was apparent on exam-
ination of records was that the normal subjects with the
highest IQs, i.e., those from 118 to 138, made more
saccadic eye movements than children with somewhat lower
Igs, i.e., those from 96 to 117. This was t{rue on both
the first and second pursuit tasks. However, both groups
of normal children showed a drop in the number of sac-
cades on the second pursuit task. Records 4D and D' are
from an 8-year-old with an IQ of 96. There were 15 sac-
cades on the first pursuit task and 14 on tihe second. In
comparison, records from a child with an IQ of 135 are
shown in Figure 4£ and E'. He had 30 saccades on the

first pursuit task and 24 on the second.



Figure 5 sinows typical examples of pursuit for the
hyperkinetic group. During the first pursuit task many of
the hyperactives made a larpe number of saccades. Some of
these were large-amplitude saccades whicih clearly took
the eyes away from tine pursuit path, sometimes necessitat-
ing backward saccades to bring the eyes back onto tae
target (ifigure 54', B, B3', C, C', &, B'). Further in-
spection of tiie records sinowed a greater Ireguency of
bacikward saccades in nyperkinetics than in normals. A
forward saccade is a saccade in the direction of pursait,
usually to bring the eye on target. A backward saccade 1s
a movement in tiie direction opposite to the target move-
went. /hile it can be used to bring the eye onto the tar-~
set, more often it tends to shift the direction of gaze
entirely away from the target (Figure 5B, second cycle).

Sonie boys in the hyperkinetic group showed habituation
from first to second pursuit task, i.e., they made fewer
moveizents and pursuit was somewihat smoother. Figure 3SB
and B' from a 5-year-old depicts a marked decrease in the
number of large saccadic eye movements away from the
target path from first to second pursuit. lHowever, in
otiiers tne second pursuit performance was worse than the
first., Figure 5C and C' from a S-year-old illustrates
such an instance, During the first pursuit presentation,
the subject followed the stimulus for about two complete
cycles. This was somewhat more than during the second

nursuit task. Again, it is of interest to note that a



leftward sustained deviation of the eyes occurred in
aporoximately the same place on hoth records (see arrous,
Figure 5C and C'). Figure 58 ard &' from an 8-year-old
shows an exanple of improvement from tihe first to the
second pursuit task. During the first presentation, the
sunject did not appear to follow the stimulus until about
the third cycle. On the second vresentation, he started
pursuing the stimulus almost immecdiately. Although there
was generally improvement in the hypveractives' pursuait
nerformance, it fell considerably snort of that shown by
ge-mnatched normals. iigure 5D and ' shows the best pur-
suit among nyperactives.

Typical pursuit records oi bhoth normal and hyperkinetic
subjects (age ranse 5-10 years) for the seconc¢ pursuit
task are shown in figure 6. The normals nade very few
large saccadic eye movements away from the nursuit track
(Figure 6A-C). Their pursuit performance was characterized
by many snall saccades along the target path and they had
many periods of smooth following. Pursuit efficiency did
not apnear to be age dependent. iipure SA from a S5-year-
old shows very little saccadization of pursuit during the
second and fourth pursuii cycles to the right. Figure 6B
from a 7-year-old and GC from a 1lO-year-old show similar
pursuit performances. They made few saccades during the
third and fourth pursuit cycles to the rignt. Records in
Figure 4A'-E' from normal ciaildéren also show sinilar

characteristics. In contrast, hyperactives ranging from



5 to 10 years of age often had large saccades away from
the pursuit path (Figure 6D and E). Additional examples
are sihown in figure 5A', B', C', and E', None of the
normal children had similar large saccades away from the
target in the second presentation, particularly towards
the end of pursuit. In hyperkinetics, as in normals,
pursuit efficiency dicd not appear to be age dependent.

Cne other ciharacteristic of following which was present
in bothh normals and hyperkinetics was that the eyes often
did not begin to move at stimulus velocity concurrently
with the reversal in stimulus direction., Frequentiy there
was a short period of fixation at tihe time wien the stim-
ulus reversed direction followed by a forward saccade onto
the target. This tendency can be seen at least once in
alimost every one of the normal records. An exauple is
shown in Figure G6C eaci time tihne stimulus moved from left
to right. This tendency was exaggerated in tiie hyperkinetic
ciiildren, who frequently paused longer after the stimulus
had changed direction and then nade larger forwvard sac-
cades towards the target path. Figure 6D shows an exarple
of this. Saccades occurred on directional change daring
the first, second, and third stimulus cycles. Record E
depicts a large saccade occurring during a direction
chanze in the third cycle of pursuit. Record F from a
10-year-old approximates more closely a normal record,
with smaller saccades occurring during directional changes.,

In summary, Gualitatively there were the following



difierences in results:

(1) Normals appeared to have fewer andé smaller saccadic
eye movements during pursuit than did hyperkinetics.

(2) As a group, normals tended to make fewer saccadic
eye movenments in the second pursuit presentation,

(3) Overall, hyperkinetics did not show a marked de-
crease in eye movements from the first to second presen-
tations.

(4) Hyperikinetics had more eye movements away from the
pursuit path than normals.

(5) Some hyperiinetics sihowed more difficulty in
tracking during the third and fourth pursuit cycles.

(G) Relative to normals, hyperikinetics seemed to make
nore and larger eye movements Jjust following a ciange in

stimulus directicn.

Quantitative.

Data distributions. Two factors were considered for

data analysis, the number and the amplitude of saccadic
eye movements made during pursait. As detailed in the
methods section, the EOG voltages during pursuit were
read into tihe computer, wiaich digitized them, identifying
and marking each movement. The digitized data were sub-
sequently displayed on a storage scope to verify thnat the
movements had been marked correctly. Then the number and
amplitudes of horizontal movements were processed by the
computer using appropriate statistical procedures.

Figure 7 displays the distribution in the number of
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saccadic eye movements made by normals and hyperkinetics
during the first pursuit. The abscissa is divided into
nine equal-width intervals, with each interval being equal
to an increment of five eye movements. iach bar represents
the frequency of cases which fell into that interval, In
the normal group (n = 20) the distribution of eye move-
ments nas the following ciaracteristics: range, 7-41;
mean, 22; sd, 1l. The hyperkinetic group's (n = 12) dis-
tribution is siuifted to the right and has the following
characteristics: range, 12-39; mean, 25; sd, 7. Thirty
percent (six cases) of tiae normal distribution falls
below the hyperactives' distrivbution and the mean is less
altihough there is no significant difierence (E = .03,
p< .8).

Figure 8 displays the distribution of eye movements
for the second pursuait presentation. The following char-
acteristics descrive the normal distribution: n = 17;
range, 5-28; mean, 17; sd, 6. The normal population had
its peak freguency in the 15-20 movement interval. The
jistribution cnaracierizing tine iyperkinetics' performancé
was shifted to the right (n = 14; range, 14-39; mean, 24;
sd, 7). The hyperkinetics showed a peak frequency of cases
in the 25-30 movement interval. The insert in Figure &
demonstrates the substantial and significant drop in the
number of eye movements from first to second presentation
for the normal group (dependent t = 2.65, p< .0l). Hyper-

kinetics showed very little change in the number of eye
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movements over both nresentations.

Thus, normals made fewer eye movements than hyper-
kinetics and normals had a sigpificant decrease in'the
number of eye movements made on the second pursuit task.
Hyperkinetics did not evidence a similar decrease., Nor-
mals demonstrated a substantial drop in variability over
tasks whiile response variability remained the same in
hiyperactives.

rigure 9 shows tihe distribution of mean amplitudes for
the first pursuit presentation. The abscissa is divided
into eqgual-widtih intervals, eaci» one representing an
increase of 1° over the preceding interval. Thae normals'
distribution has its peak frequency in thae 3°-4° cateyory.
The cistribution is slightly skewed to the right and can
be Gescribed as follows: n = 20; range, 2.6°-7.2°; mean,

3.9°

; sd, 1.2°. The hyperactives' distribution is shifted
to the right and sihows the following characteristics:
n = 12; range, 2.9°-9.3%°; mean, 5.2%; sd, 2.1°. As can be
seen from the {figure, there is sowne overlap between the
tails of tihne two distributions. Normals had smaller eye
movements than did hyperkinetics and showed less response
variability (t = 2.34, p< .05).

Figure 10 presents tie distributions of mean ampli-
tudes for the second pursuit. The normals' distribution
again shows its highest frequency in the 53°-4° category.

This group's distribution is characterized as follows:

n = 17; range, 2.8°-6.2°; mean, 4°; sd, .8%. The hyper-
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kinetics' distribution is shifted to tihe right, as in the
first pursuit task. It may be cuaracterized as having one
category of peak freguency occurring at 5°-6°. Furtier-
more, it is characterized by n = 14; range, 2.9°-15%;
mean, 5.9°; sd, 3.3°. The insert indicates that the
nyperkinetic group increased its mean amplitude of eye
movernient from the first to the second pursuit. Normals
denonstrated a slight decrease in their mean amplitude
responses over the two presentations. Increases in both
groups failed to rcach significance across presentations.
In conclusion, normals made smaller mean amplitude
saccades than did hyperactives during both pursuit pre-
sentations. Normals also demonstrated less response vari-
ability than hyperactives. In fact, hyveractives as a
group increased their response variability on the second
pursuit task. Finally, unlike the eye movement freduency
data, mean amplitude responses were found to remain rela-
tively constant in both groups over test presentations.

Correlational analysis. Relationships between the

nunber of eye movements made on the first and second
pursuit tasks as well as the mean amplitudes of eye move=-
ments made on the first and second pursuit tasks were
studied using Pearson product moment correlation co-
efficients. The correlation coefficient provides an
indication of the degree to which the number and/or amp-
litudes of eye movements made on the first test are simi-

lar to or can be related to the number or amplitudes of



eye movements made on the second test. FFurtihermore, it
was oi interest to see if the data shifted from one pre-
sentation to the other and, if so, in wiiat direction the
shift occurred.

Figure 11 is a plot of number of eye movements on first
versus second pursuit for tie normal population (n = 172).
If there were no response cihange from first to second
pursuit, each data point would fall on the 45° solid line
hisecting the graph. Points above this line indicate more
eye riovements on tie second test while points below the
line indicate fewer eye movements on the second test. If
the 45° diagonal passedé tarough a data circle, whose
scaled diameter on tne ordinate represented one eye move-
ment, tie circle was considered as lying on the 45° line,
indicating noc change. Results showed that the nunmber of
eye movenients on the first and second tests were sig-
nificantly correlated (r = .47, p< .05). The equation for
the linear least-squares regression line was y = .30x + 10.5.
Thirty-five percent (six of 17 subjects (6/17)) showed no
ciiange from first to second pursuit. Fifty-toree percent
(9/17) decreased their number oi eye moveients on the
second pursuit task while 12% (2/17 subjects) increased
their number of eye movements.

Number of eye movements on first pursuit versus number
of eye movements on the second pursuit is plotted for the

2Three children were not used in this analysis because
one of their two records was technically unsatisfactory.
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Fig., 11, Number of eye nove-
ments on first versus second pur-
suit for the norral sample (n =
17). The 45° solid line hisecting
the grapih is a reference line.
Points above this line indicate
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than on the first test and vice
versa. When the 45° diagonal
passed through a data circle, the
circle was considered to be on
the 45° line, indicating no
change. The second line repre-
sents the line of hest fit and
was determined by the least-
squares method. A significant
correlation was found between the
nunber of eye nmovenents on the
first and second tests (r = .47,
p& .05).



hyperactives in Figure 12 (n = 12), A periect correlation
between the response measures is represented by the solid
line bisecting the grapih. A significant correlation was
also found in this group between first and second pursuit
measures (r = .65, p< .05). The second solid line repre-
sents the linear regression line calculated by the least-
squares metnod and is described by tlie equation

Yy = .62x + 8.55. Unlike the normals, a dependent t test
failed to yield a significant difierence between first
and second pursult performances., Fifty-eight percent
(7/12) of the patients increased their number of eye
movements from first to second presentation while 425
(5/12) decreased their number of eye movements.

In summary, these graphs show a correlation between
the number of eye movements made on the first and second
pursuait tasks for both groups. The correlations indicate
that fewer eye movements on the first task are associated
with fewer eye movements on the secont pursuit task. The
correlation was lower in normals than in hyperkinetics,
wihich may reflect in part the greater response variability
seen in the group on the first pursuit task. However, a
test between the two correlations yielded a value of
z' = ,50, p< .9, indicating that tae two correlations
were not significantly different.

The mean amplitude of eye movements on the first pur-
suit versus the second pursuit for the normal group is

plotted in Figure 13 (n = 17). When the 45° line (solid
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diagonal) passed tarough a data circle, winose scaled
diameter on the ordinate represented .20, that data point
was considered as lying on tae 45° line, indicating no
change. Points above tinis line indicate larper-amplitude
movelients on the second test wiiile points below tirte line
indicate that the amplitudes on tihe second test were
smaller. kiean amplitudes on the first and second pursuit
performances were not signiiicantly correlated in this
group (r = .28, p< .%0). Twenty-nine percent (u/17) of
the normal population increased their mean.amplitude
response on the second pursuit while 425 (7/17) decreased
their responses. Approximately 295 (5/17) shov.ed sub-
stantially no cnange. As previously shovn (see Figure 9
insert), the norial group's mean amplitude response changed
very little across pursulit tasks, nis average resnponse
was used as a reference line for both tiie normal and
nyperkinetic data (dasiaed line). Data points intersected
by the line were considered to fall at the mean (4°).
Twenty-nine percent (5/17) evidenced mean amplitude of
eye movements greater than 4° on tae second nursuit task.
Figzure 14 pnresents the same »plot for tae patient group
(n = 12). There was a siynificant correlation between mean
amplitudes of eye movenents for the first and second pur-
suit tasks (r = .51, p< .05). The least-squares linear
rezression eguation which best fit the data was
y = .89x + .99. Fifty percent (6/12) decreased their

mean amplitude fron first to second pursuit while the
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Fig. 14. lLiean amplitude of
saccadic eye movenments on first
versus second pursuit for tie
hyperizinetic group (n = 12). As
in fMig. 15, points above tie
45° line bisecting the _raph
indicate larger saccades on the
second test and vice versa.
There was a significant corre-
lation between mean amnlitude
of eve movenents for tie first
and second pursuit tasks (r =
.51, p< 05). As in ©ig. 13,
tie dasied line at 4° repre-~
sents the average anplitude for
the normal group on both pur-
suit tasks. Seventy-five ner-
cent (9/12) had saccadic move-
ments of 4° or larger.



other 50)% (5/12) increased tueir mean amplitude response.
Seventy-five percent (9/1Z2) of tae mean amplitudes for
tne hypverkinetic cases were larger than 4° on tae second
pursult task.

To summarize, these graphs demonstrate taat more nor-~
nals made eye movements wiose amplitudes were below 4°
on tae second pursuli than Gid hyperactives. secondly,
taey also show a significant correlation between mean
amplitude of eye moveuients across tasks for hyverkinetics
but not for normals. That is, for normals, the size of
amplitude resnonses on tne first test was not system-
atically associated with tuae size of amplitude responses
on the seconc test,

ANUVARR and akhCOVAR analysis, Initially, tae usc of a

single ANCUVAR design inclading all factors, covariates,
and their interactions was consicered for analysis of tae
data. Since tiere were missing data on some subjects
(notably IG data), an attempt tc use an all-inciusive
tesign would have resulted in a large reduction in sample
size on whichh to base cifierences between groups. 1In
lizht of this, it was decided to used more limited
ANOVAR and ANCOVAR procedures with wiailcii to analyze the
effects of factors and covariates. Three factors were
considered in the ANCVAR-ANCUGVAR statistical analysis.
They were diagnosis, I, and drug status.

Usually, ANCUVAR procedures are used to reniove

extraneous variation from tihe dependent variable by



introuucing a metric covariate. Tais »nrocedure results

in increasing measurement precision. In the present
analysis, howeve:, boith covariate and factor effects were
of interest. To evaluate both covariate and factor effects,
the data were analyzed using regression analysis tech-
nigues winich are resident within the ANCOVAR program.
This approach allowed all effects to be assessed simuli-
taneously, with each effect being aajusted for all other
effects. Thus, the proportion of variance in the de-
pendent variable which was the unigue contribution of
each factor and covariate was isolated. The significance
of each factor and covariate eifect was then tested by
forming the appropriate F ratios.

The effect of Iv on the number of eye movements made
by normals and hypericinetics during tiae second pursulit
task is siown graphically in Pigure 15. The number of eye
movements on the second test is nlotted on the ordinate
and tihe WISC Performance IQ on the abscissa. Only the
normal group showed a significant correlation between
the two variables (n = 14, r = .69, p< .01). The equation
Gescribing tiie linear regression line for normals was
calculated by tie least-squares method, yielding
y = .36x - 22.9. Daia obtained from hyperkinetic subjects
were subseaquently compared to values predicted by the
regression equation. The solid lines connecting some of
the data points to the regression line represent tae

standard deviations of these points aiter the estimated
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- Mig. 15, Nunber of eye novenients made on tihe second pur-
suit task by nornals and hyperkinetics as a function of the
JISC Performance IQ score. There was a sipnificant correla-
tion between the two variables for the normal population
(n = 14, r = .69, E(..Ol). The solid lines connecting some
of the data points to the regression line represent the stan-
dard deviations of these noints after the estimated effect of
IV was removed.



effect of IQ was removed. A t test comparing tine mean
standard deviations between the normal and hyperkinetic
groups yielded a highly significant difference (t = 4.129,
pk .005). This finding demonstrates that after the esti-
mated efiect of IW on number of eye novements mnade on the
second pursultc test was removed statistically from tae
data of boti groups, tae hyperkinetic sasple still demon-
strated a higiily significant nean deviation from tae
regression line relative to controls. This fincing coula
be atiributed to the factor of diagnosis. In addition, an
ANCOVAR was run on the data to determine the eiiect of
diagnosis using both age and IQ as the covariates. Both
covariates were found to be nonsignificant while the main
effect for diagnosis was significant: F(1,20) = 5.393,

nd ,03. Significant interaction between diagnosis and
Performance I was not supported by these findings.

To study the effect of varying levels of IQ on the
response neasures for the normal »opulation, a one-way
ANOVAR was perfornmed. Rlesults are presented in Table 2.

A significant F ratio was found for number of eye move-—
ments made during the second pursuit task: F(1,12) = 11.478,
p<l .01, The high-I& group (118-138) had a greater mean
nunber of eye movements (n = 5; mean, 23.4) than did the
middle~IQ (96-117) zroup (n = 9; mean, 16.6). As previous-
ly indicated, eye movement amplitudes were identical for
both groups. Inspection of the data suggested that age

night be an important determining factor of number of



TABLE 2
ANALYSIS OF VARIANCE:
WISC PERFORMANCE--NORMALS

Source af MS F
Between groups 1 150.5742 11.478*
Within groups 12 13.1188

*p< .01,



eye movements on the second pursuit task in the normal
group.

To segregate the effect of age on the number of eye
movements made on the second pursuit task in both the
normal and hyperkinetic samples, an ANCOVAR was performed
for each group using age as the covariate. Table 3 shows
main effects for IQ to be highly significant in the nor-
mal group: F(1,11) = 11,067, p< .01, The covariate age
was found to be nonsignificant. A separate ANCOVAR with
IQ as the covariate yielded no significant main effects
of age on number of eye movements. No relationship be-
tween IQ or age and numbers of eye movements was found
in the hyperkinetic group.

The effect of diagnosis on tihe number and amplitudes
of eye movements was studied in three separate ANCVARS.
The results are presented in Table 4. The F ratio shows
a significant effect of diagnosis on mean amplitudes of
eye movements for the first pursuit task: F(1,30) = 5.5582,
p< .03. The hyperactive group had a significantly greater
mean amplitude of eye movement (n = 12; mean, 5.2°) than
the normal group (n = 20; mean, 3.9°). The F ratio for
number of eye movements made during the second pursait
presentation was highly significant: F(1,29) = 7.939,
p< .0l. Hyperkinetics made more eye movements (n = 14;
mean, 23,9) than did normals (n = 17; mean, 17.4). The
calculated F ratio for mean amplitude oi eye movements

made during the second pursuit presentation shows a sig-



ANALYSIS OF COVARIANCE:

TABLE 3

WISC PERFORMANCE WITH AGE--NORRALS

Source af MS F
Covariate age 1 12,922 . 984
WISC 1 145,383 11.067*
Residual 11 13.136

*p< J01.



TABLE 4

ANALYSIS OIF VARIANCE: DIAGNOSIS
Dependent
Variable Source af LS F

Mean amplitude Between groups 1 12,0967 5.582%

eye movement,

first pursuit WVithin groups 30 2.,1671
Number of eye Between groups 1 326,0508 7.939%*

movements,

second pursuit Within groups 29 41.0708
Mean amplitude Between groups 1 28.2822 5.249%

eye movement,

second pursuit Within groups 29 5.3885

*p< L03.
**p< 01,



nificant effect of diagnosis: F(1,29) = 5.249, p< .03.
Hyperactives again had larger mean amplitude of eye move-
ments (n = 14; mean, 5.9°) than did normals (n = 17;
mean, 4°).

In order to study further the effects of multiple inde-
pendent variables on the response measures, a 2 (normal,
hyperkinetic) X 2 (on-drug, off-drug) with age ANCOVAR
using regression technidques was run. Table 5 presenis the
results of this analysis. for all dependent-variable
measures (number of eye movemenis, mean amplitude of eye
movements), the covariate age and tihe factor of druyg
status were found to be nonsignificant. There were sig-
nificant main effects for diagnosis on three dependent
measures. The computed F ratio shows a significant effect
of diagnosis on the mean amplitude of eye movements made
during the first pursuit task: F(1,25) = 6.461, p< .02,
Adjusting the means of both grouns for the effects of
age and drug showed that the mean eye movements were
smaller in normals (n = 20; mean, 3.8°) than in hyper-
kinetics (n = 12; mean, 5.5°). The ¥ ratio s.iowed there
was a significant difference in the number oi eye move-
ments on the second pursuit task: F(1,25) = 4.925, p< .04.
The adjusted means of both groups show that normals made
a smaller number of eye movements (n = 17; mean, 17.5)
than hyperkinetics (n = 14; mean, 24.2). The F ratio for
mean amplitude of eye movements made during the second

pursuit was significant: F(1,25) = 4,767, p{ .04. Adjusted



TABLE 5
ANALYSIS OF COVARIANCE:

DIAGNOSIS BY DrUG WITH AGE

Denendent
Variable Source af MS F
lean amplitude Covariate age 1 . 362 161
eye movenment,
first pursuit Drugs 1 5.684 2,530
Diagnosis 1 14.514 6.461*
Residual 25 2,246
Number of eye Covariate age 1 4,258 .092
movemnents,
second pursuit Drugs 1 7.115 .154
Diagnosis 1 228,053 4,925%
Residual 25 46 .309
Mean amnlitude Covariate age 1 . 844 172
eye movement,
second pursuit Drugs 1 4,923 1.005
Diagnosis 1 23.353 4,767*
Residual 25 4.899

*p< 05,



means indicate a smaller mean amplitude response for
nornals (mean, 3.9°) than for hyperikinetics (mean, 5.9°%).
In summary, the results of these analyses show that
the factor of diagnosis consistently differentiated be-
tween tihe two groups on three dependent measures: mean
anplitude of eye movenents made during tihe first and
second pursuit tasks and the number of eye movements made
during the second pursuit task. IG was found to be a sig-
nificant factor in normals but not in hyperkinetics. Drug
and nonarug patients did not differ on tine response mea-
sures., However, tihis is a very tentative result since the
interaction between referral source and drug status could
not be evaluated due to small sample size, Finally, high-
IG normals did not differ from low-I) hysericinetics in
nunover of eve movements made during the second pursuit

task.,

Secondary indings.

Qualitative analysis of other eye movement tasks demon-
strated differences between the hyperactive and control
groups. These were not analyzed in detail but will be
briefly mentioned. During performance of the Seguin Form
Board Test, which was done with the head free, hyper-
actives tended to show more coupled head-eye movements
than did normals. The coupled head and eye movements de-
creased in both groups as a function of age and number
of test presentations. This finding suggests that rela-

tive to age-matched controls, hyperactives had an inability



to decouple eye and head movements when orienting to
stimuli. Since these observations were qualitative in
nature, the effect of IQ on this measure was not studied.
It may well be that the number of head-eye coupled move-
ments may be partially attributed to IQ.

It was also of interest to note that, relative to con-
trol subjects, some hyperkinetic cinildren evidenced
problems with staring. While controls were ablie to hold
their eyes still in forward gaze for periods up to 45
seconds, many hyperkinetics were either unable to stare
or demonstrated saccades within the initial 15 seconds

of the task.



Chapter 1V Discussion

This study shows differences in eye movements made
during pursuit between hyperkinetics and normals and
among nori:als of different IQs. Hyperkinetic ciildren
made larger saccades than normals during pursuit. They
also had many large saccades away from the pursuit path
and made more saccades during the second pursuit task
than did normals. Normal boys with higher IQs tended to
make more eye movements than those with lower IQs on both
the first and second pursuit task. The implication of
these results will be considered in light of physiological,
attentional, arousal, and adaptational factors.

It is clear that forward saccades normally occur during
pursuit of a visual stimulus (Dodge, 1903; Westheimer,
1954a). Saccades can therefore be expected as a normal
concoriitant of smooth pursuit movements. The flickering
of the stimulus in the present experiment (24 frames per
second) may have partly enhanced some of the saccadiza-
tion, but similar saccades are also found when the stim-
ulus is continuous (Stark, Vossius, & Young, 1962}, In
general, one would expect the saccades to be corrective,
bringing the point of fixation onto target. These sac-
cades could be either in the forward or backward direc-
tion. If the eyes moved exactly at the velocity of the
stimulus, no corrective movements would be necessary.
This implies that at various times eye velocity of nor-

mals and hyperactives was not matched to stimulus velocity.



Results indicated that high-IQ normal subjects made
mnore eye movements than average-~-IQ normals on the second
nursuit task. These results in the higa-IQ group could
derive from increased attention to stimulus flicker or to
increased inspection of the stimulus. Comparison of re-
sults obtained using a continuous stimulus would obviate
the flicker problem and give a purer measure of response
rates of high~IQ versus gverage—IQ normals on a pursuit
task. Regardless, this is an interesting finding for
which there is no obvious explanation and which would
appear to merit further research.

iiost of the saccades made by hyperkinetics were along
the target patih. However, these saccades were typically
larger than tihiose of normal children. There are many
lines of evidence to indicate tihat at least some hyper-
kinetic children have some brain dysfunction and in somne
this may be related to actual brain damage (Burks, 1955;
Kahn & Cohen, 1934; Prechil & Stemmer, 1962). Birch,
Belmont, & Karp (19687) have reported that damaged ner-
vous systems reguire more time to process sensory infor-
mation. Therefore, the larger saccades along tie pursuit
track made by hyperkinetic caildren could reflect a
neural processing defect in the slow movement system
which is associated with minimal brain damage. In hyper-
actives, this could be due to defects in processing of
afferent and/or efferent information. Such dysfunction

could directly influence: (1) siwooth movement reaction



times, and (2) estimnation of eye velocity relative to
stimulus velocity, both of which would contribute to
saccadization of pursuit.

Evidence of altered reaction times in minimally brain
damaged children has been reported by Cohen & Douglas
(1972); Dykman et al, (1971); Stevens, Boydstun, Dykman,
Peters, & Sinton (1957). The hyperactive children had
longer resnonse latencies than normals., If there were
reaction time cifferences between hyperactives and nor-
mals, it would be expected to be most evident when the
visual stinulus began its constant velocity movement from
the initial rest position., Lengtiened reaction times could
also introduce lagzg times between stimulus movement and
eye nmovenent, necessitating saccades to b ing the eye
onto target. In the present pursuit task, the visual
stimulus stopped moving for approximately 7350 msec before
moving with a constant velocity in the opposite direction
(see Figure 2). The hyperkinetics made large saccades
wien tihe stimulus cihanged direction more freguently than
did nornals during both trial presentations. These find-
ings are consistent with the hypothesis that at least in
part the poor pursuit performance of the hyperkinetics
could be due to slow reaction times. The Lyperkinetics
also made more backward saccades than did normals during
pursuit. This could also be due in part to incorrect
estimation of stimulus velocity leading to corrective

backward saccades, although it could also be due to dis-



tractibility, leading tie subject to look at objects away
from the target path.

Deficits in pursuit performance found in hynerkinetics
have also been found in patients with Parkinson's disease,
cercbellar diseases, drug intoxications, diseases of the
retina or eye, and in children afflicted with cerebral
palsy (Corin, Elizan, & Bender, 1972; Corvera, Torres-
Courtney, & Lopez-Rios, 1973; Hoyt & Daroff, 1971; Jung
& Kornhuber, 1964; Rashbass, 1959; Shackel, Davis, &
Abercombie, 1962). In some cases the CNS lesions may
afifect the motor mechanism for pursuit. In otier cases
there may be difficulties in sensory processing, and in
still others the mechanism(s) by which the nursuit system
is affected is not well understood. Similar pursuit ab-
normalities have been reporied in sciizophrenics (Holzman,
Proctor, & Hughes, 1973; Shagass, Roemer, & Amadeo, 1976)
where attentiornal factors have been implicated. Conse-~
quently, it is difficult to be certain whether the find-
ings in hyneractives were related to either organic and/or
nonorganic factors.

Corvera et al. (1973) analyzed deformation of pursuit
curves and associated different types of curves with
separate disease processes. All of these types of records
were observe¢ in the hyperkinetic cihildren. Figures 5 and
6 contain EOG tracings that correspond to Corvera et al.'s
Type 1 curve. For example, in record D, D' of Figure 5

and record F of Figure 6 the waveform is essentially tri-



angular in shape but there are many small saccades which
occur along the pursult track. They associated this type
of curve with cerebellar disease. Records B, B', C, C',
E, B' of Figure 5 demonstrate the Type 2 curve, which
they associated with diffuse cerebral and brain stem
lesions., There is a partial loss of the triangular wave-
form accompanied by large saccades which saow no partic-
ular pattern of occurrence. igure 16 presents a record
from a patient not in this study who had severe motor
deficits. This record illustrates a Type 3 curve. This
type of curve was found in patients with lesions involv-
ing the oculomotor pathways in the tegmentum of tihe pons
and midbrain. In this record, the subject had no smooth
nuarsuit and substituted many fast movements in both di-
rections for tne usual siow triangular tracking nattern.
Corvera et al.'s classification is seriously weakened by
an absence of comnarative data from normals and a lack
of anatomical verification in abnormals. Except in cases
where there was severe disruption of pursuit such as in
Figure 5E and BE' and in Figure 16, it is probably not
possible to attribute specific types of nursuit defects
to structural lesions at the present time. The absence
of "hard" neurologic signs in the hypneractives does not
rule out brain damage as being a cause for poor pursuit
performance. However, processing factors which could be
related to chemical or structural brain lesions and

attentional factors could account for most of the dif-
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Fig. 16. Pursuit nerformance of a hyperactive pirl with severe
motor deficits who was not inciuded in the nresent study. The sub-
ject had no smooth pursuit and substituted nany fast movenents in
both directions for the usual slow triangular tracking natvtern.



ferences which were found.

Attention has been shown to be important in pursuit
periormance. Saccadization of pursuit (not unlike that
found in the present study) was reported in a mixed group
of psychiatric patients (Shagass et al., 1976). With the
introduction of a cognitive task during pursuit (i.e.,
reading numerals off the face of the pursuit stimulus),
saccadization was markedly reduced. Similarly, Holzman,
Proctor, Levy, Yasillo, keltzer, & Hurt (1974) found that
reminding their scnizophirenic subjects to pay attention
resulted in better pursuit periormance. Therefore, some
of the saccadization of pursuit in both normals and ayper-
actives could be the result of inattention,

Previous exnerinental evidence has shown that hyper-
kinetic children are unable to sustain long periods of
attention (Grassi, 1970; Laufer et al., 1957). Sykes et al.
(1973) found that hyperkinetics performed as well as
nornals on visual choice reaction tasks requiring the
subject to attend for 3 to 4 seconds. ilowever, hyper-
kinetics did significantly worse than nornals on serial
reaction tasks recuiring sustained attention for up to
9 minutes. In the present study, the subject was required
to maintain an uninterrupted focus of attention to the
pursuit stimulus for 15 seconds (attention being defined
operationally as the occurrence of pursuit and appropri-
ate periods of fixation along the target path). Differ-

ences in the number and amplitude of eye movernents between



normals and hyperkinetics in the present experiment may
nave been due in nart to the inability of hyperkinetics

to sustain attenction during the experimental task. This is
supported by tne finding that hyperkinetics showed nro-
gressive deterioration of pursult over time. That is,
pursuit perforimance during the last third oi the task was
maricedly inferior to earlier pursuit performance (see

B, B', C, C', &' of Figure 5). No such decrement was
observed in tiie normal ponulation.

Deterioration of pursuit performance over time in the
hyperkinetic sample could be related to Grassi's (1970)
iiypothesis that minimal brain damaged children accumulate
more reactive inhibition tihan do normals. If correct,
then pursuit responses would extinguish faster in hyper-
actives than in controls, possioly due to the attentional
deirands of the task. Attentioral factors were not direct-
ly measured but could have contributed to the present
experimental differences (Shagass et al.,, 1976). Lioreover,
many hyperkinetics had large saccades away from the
pursuit path, some going beyond tae limits of the stimu-
lus to the edge of the screen. These saccades were clearly
not corrective in nature and could not have heen for
purposes of stimulus inspection.

Several points suggest taat not all saccades during
pursuit¢ were due to deficits of attention. For example,

he number of eye novements made by high-IQ normal sub-

jects on tihe second pursuit task was similar to that of



hyperkinetics. A representative record of a high-IQ (135)
subject (Figure 4f') indicates that pursuit movements
and fixation times occurred in phase with stimulus move-
nents., There 1s no indication that this subject was not
naying attention to the stimulus. Therefore, saccadization
nmust nhave been related eitier to stimulus inspection or
to target flicker. If the former, it may suggest tanat
under some circumnstances information processing 1is done
in a sampled ratiher than continuous manner even during
vursuit. Furtiher studies are warranted to separate the
effects of stimulus parameters from processing parameters,
The ability to maintain attention to a stimulus depends
to a large degree on the arousal state of the organism.
Tnere are data to suggest both that hyneractives are
overaroused (Laufer et al., 1957; Luria, 1960; Sokolov,
1963) and underaroused (Boydstun, Ackerman, Stevens,
Clements, Peters, & Dykman, 1968; Grunewald-Zuberbier,
Grunewald, & Rasche, 1975; Satterfield & Dawson, 1971).
Either could be used as an explanation for some oi the
findings. The overaroused caild would be highly dis-
tractible and respond to all environmental stimuli. During
pursuit sucih a child could shift its attention to other
stimuli, »oroducing saccadic eye movenmnents away from the
pursuit path. The underaroused child might have eye move-
ments away from the pursuit path which would serve to
produce arousal by bringing new sensory input. These

novements might be described as being active searching



movements, With two exceptions, there was no obvious
indication of either under- or overarousal in most of the
hyperactives. leasures of arousal (sucihh as ZEG and GSR)
night be of use in future studies to determine the arousal
state of the subjects.

One of the most interesting results of the present
study was the failure of the hyperkinetic children to
decrease significantly the number of saccadic eye move-
nents from first to second pursuit nresentation. Neither
the normals nor hyperkinetics had a decrease in amplitude
of saccades across presentations. There was nore response
variability in the hyverkinetic than in the control group,
and some hyperkinetics, like the controls, did have fewer
eye movements on tiie second than on the first presenta-
tion. However, as a group, tuere was not a significant
decrease across trials. The decrease in the number of eye
movements was considered to be habituation to the test
since sone saccadization might represent inspection of
novel aspects of the stimulus. On repeated presentation,
stimulus novelty should be decreased, resulting in a
higher percentage of time in smooth pursuit with fewer
saccades. Data suggest that hyperactives approached each
test presentation as if it were the first.

Experimental evidence is at variance as to the ability
of hyperkinetic children to habituate to stimuli (Cohen &
Douglas, 1972; Satterfield & Dawson, 1971; Spring et al.,
1974). Satterfield & Dawson (1971) found that, unlike



normals, hyperkinetics failed to show a significant de-
crease in mean specific galvanic skin response levels
across experimental test sessions. Other evidence shows
faster habituation in hyperactives (Spring et al., 1974).
For the limited pursuit condition, the patient group
failed to change significantly their responses across
stimulus presentations, supporting the hypothesis that
they failed to habituate to stimuli.

As has been freguently observed (Gross & Wilson, 1974;
Wender, 1971), hyperkinetics will often display none of
the behavior complained about when in a doctor's office.
In general, this was the case with the hyperkinetics
studied in the present experiment. Most of these cnildren
did not exhibit hyperactive behavior and were able to sit
still during test »roceduares. lHowevei, despite the suc-
cessful behavioral adaptation, these hynerkinetics still
made more and larger-amplitude eye movements during the
test (see records D and E of Figure 6), indicating that
adaptation to the test situation was not necessarily
correlated with better pursuit performance. Whether the
critical factor in producing a larger number of saccades
was the subliminal flicker associated with the stimulus
or tie nerceived target movement itself must be separated
in future experiments. Regardless of cause, the failure
of the hyperactive children to habituate could be of
practical value in the diagnosis and treatment of this

disorder.



Regarding drug status, four of the hyperkinetic sample
were on drugs at the time of testing. Subsequent analysis
of on-drug versus off-drug hyperkinetics yielded no dif-
ferences between the first and second pursuit task in
either mean number or mean amplitudes of eye movements.
In addition, a scatterplot comparing the neirformances of
both tiie on-drug and off-drug hyperkinetics on the de-
pendent variables (see Figures Al and A2 in the Appendix)
yielded no clear separation between the two groups. There-
fore, for tae purposes of this analysis, the groups were
Judged as being not significantly different and their
data were pooled. The finding that drugs had no effect on
pursuit periormance should he viewed with caution since
some of the on-drug and ofif-drug children came from dif-
ferent referral sources. Renmoval of cases in eitiier group
wirich did not come from the same source would have ser-
iously decreased the on-drug sample size (n = 4), making
comparison impossible.

In conclusion, results of the present experiment show
a significant difference between hyperkinetic children
and normals on the following response measures: (1) ampli-
tude of eye movenients made during the first and second
pursuit tasks, (2) number of eye movements made on the
second pursuit task, and (3) adaptation with repeated
stimulus presentations (defined as a significant decrease
in the number of eye movements from the first to the

second pursuit task). High-IQ normals did not differ from



low=IQ hyperkinetics as to the number of eye movements
made during tihe second pursuit task., Due to small sample
sizes (n = 5), it was felt that the conclusion of no dif-
ference between the samples was tenuous. Therefore, a
scatterplot was made of the same data (see Figure A3 in
the Appendix), which resulted in a strengthening of the
statistical finding by saowing no clear separation be-
tween high-IQ normals and low-IQ hyperkinetics in the
number of eye movements made on tiie second test. In the
same scatterplot, a clear separation between groupns is
seen for the mean amplitude of eye movements made during
the second pursuit. Average-IQ normals differed siygnifi-
cantly from both groups on the number of eye movements
made during the second pursuit task.

Based upon these results, it is not vsossible at tais
time to specify clearly one single mechanism responsible
for the observed pursuit differences. In fact, these
differences may spring from a multiple-factor basis,
including both physiological and psychological components.
Possible physiological and/or monoariine deficiencies
involving the reticular formation and concomitantly the
PPRF, a location shown to be a premotor area intimately
involved in the integration of eye movement information,
could account for these results. Attentional and/or
notivational deficits could provide the psychological
components necessary to yield these results. It is more

likely that there is an interaction between these factors.



It seems improbable, based upon the many diverse experi-
mental findings in these children, that hyperkinesis could
have at its core a single-~factor etiology whicir could
sufficiently explain both the occurrence of hyperkinesis
and its many and variable clinical manifestations. There
are further experiments, however, winicih could be performed
in an attempt to separate out the effects of various
factors. Separation of motor and attentional deficits
could possibly be aciaieved by using pursuit stimuli of
varying velocities such as 6° per second, 15° per second,
2215° per second, and 35° per second. Data from this type
of experiment would indicate whether pursuit saccadization
would be a constant finding in these children. If it were
found that abnormal saccadization occurred during all
velocities, an explanation of the findings based on oculo-
motor deficits involving eitiher peripheral or central
mechanisms would appear tenable. This experikent would
also yield data on the ability of hyperkinetics, relative
to age-matcned controls, to pursue targets moving at
different velocities. Hyperkinetics may show pursuit
deficiencies at lower velocities than do normals.

The effect of attention might be tested by the use of
consistent verbal reminders to tiie cnild to pay attention
during the pursuit task. Effects of attention on pursuit
performance may be further studied by introducing random
suprathresihold changes in the intensity of the pursuit

stimulus over time. These stimulus changes may alert the



child, leading to an increase in attention. Reinforcement
contingent upon the child's report of stimulus intensity
changes could also be used to study changes in pursuit
performance under conditions of increased motivation and
attention. The reinforcement condition might be compared
to the condition of verbal remincer alone to see if the
addition of reinforcement has any effect on pursuit per-
formance. If there were a decrease in the number of eye
movements, their amplitude, or both measures under these
conditions, then it could be assumed that, in part, the
hyperkinetics' pursuit performance deficit found in the
present study mizht be attributable to attentional and/or
motivational sroblems.

The fact that hyperkinetic subjects do not habituate
(i.e., make smaller number of eye movements on repeated
stimulus presentations) should be further explored., This
finding brought up the following qguestions concerning

his group of children: How many pursuit presentations
are necessary for the hyperactiive group to show a sig-
nificant drop in number of eye movements? Do habituation
effects depend on stimulus velocity? Do subgroups of
hyperkinetics such as hyperactives and hypoactives adapt
differentially? Repeated presentations of pursuit stimuli
both at the same velocities and at different velocities
could serve to answer some of these questions.

In the present experiment, drug effects were studied

in a very small hyperactive group. Further studies using



larger samplc sizes sihould investigate drug effects on
both the number and amplitudes of saccades made during
pursuit, as well as adaptation effects.

The buildup of reactive inhibition during pursuit
performance could be examined by making the task longer
to see during which stimulus epochs the most saccadization
occurs, This could answer the guestion of how many stim-
ulus cycles are necessary to produce optimal pursuit
saccadization in normals and hynerkinetics.

IG findings in normals snould be verified. Children
of the same age with varying IQ levels should be run
under the same pursult conditions to see if IQ has an
effect on the number or amplitudes of saccadic movements
made during pursuit. This same experiment might be ner-
foermed to test the importance of aze on »ursuit nerform-
ance; that is, age may be varied while holding IUQ constant.

Based upon the gualitative findings that hyperkinetics
make more coupled head-eye movements than do normals, these
results shiould ne further studied and cuantified. Efforts
snould be made to relate these findings to IQ and age.

In future research a better measure of pursuit per-
formance would be percent time on target. This would
gsreatly strengthen the analysis of pursuit performance.

It is intended that these suggestions for further
experimentation will help to further clarify the mech-
anisms which are involved in oculomotor deficits as seen

in the present hyperkinetic ponulation.



Chapter V Conclusions

Hyperkinetic and normal children were tested on a
tracking task. The stimulus was a 1° white dot projected
on a dark backsround., The pursuit target traveled at 22%°
per second, making 30°-amplitude swings in both the
horizontal and vertical nlanes, although in this thesis
analysis was restricted to horizontal eye movements. Two
measures oi norizontal pursuit performance were analyzed:
nunber of eye movements made and mean amplitude of eye
novenents. Both measures were obtained for two separate
pursuit trials, one occurring at the beginning of the
test session, the otier at the end of the test session.

The folleowing hypotheses were tested:

(1) The number of eve movements is greater for hyper-—

zinetics than for normals. Resulis showed taat hyper-

kinetics made significantly nore eye novements than did
normals on the second pursuit task (p< .0l). Normals
showed a significant decrease in the number of eye move-
ments from first to second pursuit task (p< .01). Hyper-
kinetics did not show a similar decrease in number of eye
moverients from first to second pursuit task.

(2) Bye movement amplitudes are different in hyper-

kinetics and normals. Results confirmed this hypothesis.

The hyperkinetic sroup made significantly larger saccadic
eye movements than did normals on both the first and
second pursuit tasks (Eﬂ .03)., Normals demonstrated a

slight increase in the size of eye movements from the



first to the second pursuit task. Hyperkinetics showed a
greater increase in the amplitude of eye movements from
the first to the second pursuit task than did normals.

(3) Hynerkinetics show a developmental lag as regsards

normal age-related developmental chanses in eye movements

relative to controls. Thnere was no clear indication of

the eifect oif age upnon the dependent variables in either
group. Therefore, evaluation of the developmental-lag
hypothesis was not possible.

(4) Hyperkinetics are not able to sustain long neriods

of attention to the visual stimulus and evidence nany

movenents unrelated to the task. Inspection of records

showed that hyperkinetics made many large saccades away
from the nath of the pursuit target. These large saccades
occurred more frequently between tie second and third
stimalus cycles. In hyperiinetics tliere may be a break-
down of sustained attention to the visual stimnulus.

(5) Hyperkinetics evidence trouble with smnooth pursuit

novenents. There was more saccadization of pursuit in the
hyperkinetic group than in the normal group.

Further analysis of the data yielded the following
additional findings:

(1) There was a general effect of IQ on number of eye
novements made during the second pursuit task (p< .02).
Both the low- and high-IQ groups evidenced significantly
nore eye movements than did the middle-IQ group (p{ .05).

(2) No effect of IQ on the number of eye movements made



during second pursuit was found for the hyperkinetic
cihildren. However, the normal-group analysis yielded sig-
nificant differences between the high- and middle-IQ
groups for this task (p< .0l).

(3) Analysis of covariance (ANCOVAR) demonstrated no
significant effect of the covariate age on number of eye
movements made by tihe normal group on the second pursuit
task. For the same task, a second ANCCVAR was performed
using 1IQ as the covariate. Covariate effects were found
to be nighly significant (p< .01).

(4) There was no significant difference found between
the high~-IQ (normal) group and the low-IQ (hyperkinetic)
groups regarding tne number of eye movenments made during
the second pursuit task. The amplitude of movenent was
significantiy different in these two yjroups, however.

(5) No differences were found between the on-drug and
off-drug hyperkinetic gZroups on any response nmeasure.
However, these findings are tentative since they are
based on small sample sizes.

(6) Both the number and mean amplitudes of eye move-
ments were significantly correlated for the ihyperiiinetic
group between the first and second pursuit tasks (p< .03).

(?) The number of eye movements between the first and
second wnursuit tasks were significantly correlated in the
normal group (p< .05).

Based upon the experimental evidence it was concluded

that: (1) hyperkinetics did not habituate to the pursuit



task, e.g., show a significant change in number of eye
movements from first to second pursuit; (2) hyperkinetics
made more saccadic eye movements than normals and these
movements were consistently larger than in normals; (3)

in the normal ponulation IQ was a significant factor as
regards nunmber of eye movements, but not in hyperkinetics;
and (4) age was found to be an insignificant factor in
both control and hyperkinetic populations for all re-
sponse measures.

It should be emphasized that the differences found
between the diagnostic categories are based upon small
samnles and are tierefore tentative in nature. Further
research is necessary using large samples to test both

the validity and reliability of these findings.
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