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ABSTRACT

The NSUCO Oculomotor Test, which
evaluates pursuits and saccades, is
reviewed. This test has been previously
reportedio differentiate learning-disabled
Jrom normal and gifted children as well as
above and below average readers. On
each of these studies an arbitrary failure
criteria was used. This study reports nor-
mative data for a large number of children
of both sexes and of different ages. This
data will enable the clinician to use age-
appropriate behaviors for this test rather
than depending on an arbitrary failure
criteria.
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hree distinct methods are
employed by  op-
tometrists to test
oculemotor function (pur-
suits and saccades)—

electrodiagnostic, psycho-

metric and traditional chair skill testing.
Chair skill testing is used extensively, but
until recently little has been done to stand-
ardize the test for pursuits or saccades and
to develop acceptable norms.

A previous paper has reviewed dif-
ferent methods of evaluating oculomotor
skills.! Variables which are at work in
these test procedures and which might
cause the data to be relatively unreliable
between and within examiners were iden-
tified and discussed. Those variables can
be seen in Table 1. Briefly, the clinician
should be aware that any variation of these
10 items could cause measurement errors
and reduce reliability.

The Northeastern State University
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Cculomotor Test has standardized proce-
dures and scoring criteria, (See Appen-
dixes A and B.) Four areas of performance
are graded in both the pursuit and saccade
portions of the NSUCO Test. These areas
are: 1. ability (sustaining power), 2. ac-
curacy, 3. the degree of head movement
the patient uses to perform the task and 4.
the degree of body movement used. Con-
sequently a total of eight areas of perfor-
mance are evaluated, four areas for
pursuits and four areas for saccades. The
protocol rates each area from one to five,
with five being optimal performance.

In the five of the eight areas (four
areas x two tests [pursuits-saccades]) of
performance, the scorer makes qualitative
judgments. Thus, when evaluating, 1, sac-
cade accuracy, 2. head movement during
saccade, 3. body movement during sac-
cade, 4. head movement during pursuit
and, 5. body movement during pursuit
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TABLE 1
IDENTIFIED VARIABLES OF REVIEWED OCULOMOTOR TESTS

HEAD MOVEMENT (Instructions to the patient)
TARGET CHARACTERISTICS AND DIMENSIONS

TEST DISTANCE FROM PATIENT
OCULAR CONDITION (Monocular, Biocular, Binocular)
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testing, the tester must decide whether
performance is grossly, moderately, or
slightly less then optimal, or optimal. The
score corresponding to that performance
is noted, except for the "slight" category.
If the test is judged to be slightly less than
optimal, a further judgment must be made
in terms of whether the behavioral charac-
teristic is seen more than 50% of the time
(scored as three) or less than 50% of the
time (scored as four).

In the remaining three areas of perfor-
mance the scorer makes quantitative judg-
ments. For the ability aspect of saccades,
the patient’s performance is evaluated by
counting the number of fixations during a
total of five horizontal "round trips" be-
tween the targets as specified by the
examiner’s instructions. The ability aspect
of pursuits is judged by counting the num-
ber of rotations during which the patient
maintains accurate fixation on the
specified target during a clockwise and
then a counterclockwise rotation. The
third quantitative aspect relates to pursuit
accuracy. The number of re-fixations the
patient makes during the pursuit portion of
the test is counted and scored accordingly.

Inter-rater and intra-rater reliability
tests were performed on the NSUCQ
Oculomotor Test.' Video tapes were made
during the testing of 21 children. Twenty-
four third year optometry student
clinicians, who had been previously
taught the test procedure, graded the be-
havior on two different occasions. Exact
matching of the score was required for the
scores to be considered in agreement. The
first and second evaluations were one
month apart.

All clinicians scored all the subjects
by observing the video tape. Inter-rater
reliability was calculated for each child
and each clinician on all eight perfor-
mance aspects of the NSUCO Oculomotor
Test. These percentages were then
averaged for clarity and brevity. The sub-
sequent scores can be found in Table 2.
Average exact agreement of the four
aspects of the pursuit scores among 21
clinicians was found 73.5% of the time.
Average exact agreement of scores on the
four aspects of the saccade test was ex-
hibited 75% of the time.

Intra-rater reliability scores were cal-
culated by comparing individual clinician
scores. The first score of each clinician
was compared to that same clinician’s
second score for each child. This intra-
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TABLE 2
INTER-OBSERVER AGREEMENT PERCENTAGE FOR EACH
OBSERVATION ON THE NSUCO OCULOMOTOR TEST

Observations Ability Accuracy Head Body Total
Movement Movement
PURSUITS 88.1 68.6 63.7 73.5 73.5
SACCADES 98.0 55.5 68.4 78.2 75.0
TABLE 3

PERCENT AND NUMBER OF SPECIAL CHILDREN WHO FAILED
(SCORED THREE OR LESS) FOR VARIOUS ASPECTS OF SACCADE AND

PURSUIT TESTS
Ability Accuracy Head Body
Movement Movement
LD G LD G LD G LD G
Saccades
Percent 103 0.0 31.0 18.8 41.4 18.8 24.1 62
(Number) (3 ()] 9 (6) (12) 6) ) (2)
P Value *<.08 NS *<.07 *<.06
Pursuits
Percent 6.9 il 759 687 395 15.6 345 6.2
(Number) @) (1) 22y  (22) (d13) () 1 @
P Value NS NS **<.015 **2,008
LD =Learning Disabled, n=29
G = Gifted, n =32
NS  =Not Significant
- = Approached significance
e = Statistically significant at the .05 level or better

rater reliability for exact scoring varied for
pursuits from a low of 76% for head move-
ment to 100% for body movement. Sac-
cade testing was slightly lower than the
pursuits varying from a low of 62% for
accuracy to a high of 95% for body move-
ment. The average intra-rater reliability
for the four aspects of each test was 83%
for saccades and 90% for pursuits.

Test retest reliability of the NSUCO
Oculomotor Test was calculated.” A Wil-
coxon signed-rank statistic which allows
comparisen between two samples, as well
as the direction and magnitude of the
change, was used. This test did not show
significant improvement on retest except
for saccade head movement., When com-
pared to the King-Devick Test, in the same
study, it was concluded that the NSUCO
Test was less sensitive to learning since
only the head movement on saccades ap-
peared to improve significantly on retest.

Studies have been performed to in-
vestigale the construct validity of the
NSUCO Oculomotor Test to academic
performance.3 “+ The first study,3 com-

pared normal, learning-disabled and
gifted children to their scores on the
NSUCO Oculomotor Test. A gifted child
is defined by the Oklahoma State Depart-
ment of Education as being one who
demonstrates an unusually great potential
in intellectual, creative thinking, leader-
ship, visual and performing areas, and/or
a specific ability aptitude. The learning-
disabled child is defined as one who shows
a disorder in one or more processes in-
volved in understanding. Children who
scored three or less on any of the eight
subtests were compared. Although the dif-
ference between the number of gifted and
leaming-disabled children was statistical-
ly significant in only two tests, three ap-
proached significance. Gifted and normal
children were found to be very similar.
Table 3 demonstrates these differences be-
tween the gifted and learning-disabled
group.

The second sludy“ used third-year
optometric student clinicians as
evaluators. The students had been in-
structed and evaluated on the NSUCO
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TABLE 4
PERCENTAGES OF GOOD AND POOR READERS SCORING ONE, TWO,
THREE (LOW) OR FOUR, FIVE (HIGH) ON THE NSUCO OCULOMOTOR
TEST
(All are significantly different at the .05 level or better)
N = 38, 21 Poor Readers
17 Good Readers
PURSUITS
OCULOMOTOR CATEGORY GOOD READERS POOR READERS

ABILITY

LOwW 0.2 11.9

HIGH 998 88.1
ACCURACY

LOW 13.3 293

HIGH 86.7 70.7
HEAD MOVEMENT

LOW 16.1 327

HIGH 83.9 67.3
BODY MOVEMENT

LOW 8.6 13.7

HIGH 914 86.3

SACCADES

ABILITY

LOW 0.0 0.0

HIGH 100.0 100.0
ACCURACY

LOW 12.0 29.5

HIGH 88.0 70.5
HEAD MOVEMENT

LOW 19.0 434

HIGH 81.0 56.6
BODY MOVEMENT

LOW 8.1 14.7

HIGH 919 85.3

method of testing and scoring. Video tapes
were made of the oculomotor behavior of
both good readers (average 1 year, 9
months above prade placement) and poor
readers (average 1 year, 3 months below
grade placement) in a third grade class, as
determined by the Gates McGinitie or
SRA Achievement Reading Test. The
oculomotor skills of both groups were
graded by the optomefry students in this
blind study. The study revealed that the
failure rate of the poor readers on the
NSUCO Oculomotor Test was sig-
nificantly higher than for good readers. A
failure score of three or less was again
arbitrarily used in grading this test (see
Table 4). The data for the second experi-
ment, analyzed by two methods (Mann-
Whitney U Test and Independent T Test),
indicated that the two groups
demonstrated significantly (p =<.05) dif-
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ferent performance on the NSUCO Test
for this grade level. Even though the
failure rates for the ABILITY of SACCADE
was the same for the two groups, anatysis
wag performed using the five-point scale.
That accounts for the seemingly exact
scores being statistically significant.
Logic would dictate that an arbitrarily
set failure score is probably not the best
method to determine adequate perfor-
mance on this test, If the skills tested by
the NSUCO Oculomotor Test are sensilive
to maturation and leaming, one would ex-
pect these failure scores to change in
relationship to age and quite possibly to sex.
There are several ways to choose a
failure criterion. Several behavioral tests
which are in optometric use define one
standard deviation below the mean as their
failure point.s‘f’ Since the NSUCQ Test
deals with ordinal level data, criterion of

one standard deviation is not possible.

Stanines have been recommended as
a method to judge such data.” There is
precedence in the optometric literature for
such a method. Gesell® considers the first
time at least half of a sample of children
demonstrate a particular behavior to be the
normative for that particular performance
item. The Denver Developmental Screen-
ing Test” also sets percentage norms for
behavior. Ames et al.'’ consider the
lowest 25% of a class of students as being
seriously immature in the particular skills
being considered. All of these methods
utilize a smoothed percentage score in
their calculation of a failure criterion. A
smoothed percentage takes into account
that for some ages there may be a slight
regression in the percent of the subjects
exhibiling a particular score. That regres-
sion is ignored and the curve is smoothed
much as a "best fit" line might be con-
structed.

Consider the area under a normal or
bell curve. The mean of the sample
separates this curve into two equal halves.
Itis known that the interval from plus one
to minus one standard deviations occupies
just over 689 of the area under the curve
(34% on each side of the mean). The por-
tion of the curve outside this first standard
deviation area is about 329%, or 16% on
each side of one standard deviation. Con-
sidering only the low side of the curve
{one-tailed}, then 16% of the population
would fall below one standard deviation
below the mean, and 84% would fali
above one standard deviation below the
mean, This thinking forms the basis of
interpreting data according to accumula-
tive percentages and is the system we used
in this study.

METHODS

NSUCO saccade and pursuit testing
was performed on 1,714 children ages Sto
14. The sample consisted of approximate-
ly equal numbers of boys (N =878, 51%)
and girls (N = 836, 49%). Table 5 shows
the number of children in this study by age
and sex.

The sample was primarily Caucasian
(971) with the others being a mix of
Caucasian and Native American, or full-
blooded Native American. An earlier
study11 had demonstrated that there were
no differences in the oculomotor scores
between these three populations.
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