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SIGNIFICANCE: The Developmental Eye Movement (DEM) test, a test purported to assess oculomotor skills, does
not detect eye movement disorder in nystagmus syndromes. The test should not be used for the clinical evaluation
of oculomotor disorders.

PURPOSE: TheDEM test ratio compares a horizontal number naming subtest with a vertical one to identify oculomotor
problems independent of a child's visual-verbal naming skills. Here, we tested the construct validity of this method by
comparing scores of children with and without pathologic nystagmus. Such a nystagmus disturbs normal fixation and
saccadic behavior because of the presence of involuntary rhythmic oscillations of the eyes. Therefore, if the ratio is in-
deed a comprehensivemeasure of oculomotor problems, childrenwith nystagmus should showan increased ratio score.

METHODS: The DEM test performances of normally sighted children (n = 94), children with ocular visual impair-
ments (VIo; n = 33), and children with cerebral visual impairment (n = 30) were analyzed using linear regression. Part
of the children with VIo and cerebral visual impairment had either fusion maldevelopment nystagmus syndrome
(n = 8) or infantile nystagmus syndrome (n = 20), whereas the others showed no pathologic nystagmus.

RESULTS: The times needed for the horizontal and vertical subtests were significantly different between children
with normal vision, VIo, and cerebral visual impairment (P < .001). However, the presence of nystagmus did not
add significantly to the horizontal and vertical times (P > .20), nor did it have an effect on the ratio (P > .10).

CONCLUSIONS: The DEM test ratio is not sensitive to fixation and saccade abnormalities associated with nystag-
mus, indicating that it does not have general construct validity to detect true eyemovement disorders. Although not
suitable for the evaluation of oculomotor disorders, the subtests do have clinical relevance in the diagnosis of ce-
rebral visual impairment.
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The Developmental Eye Movement (DEM) test is a commonly
used number naming test to assess and quantify oculomotor skills
of children in a simulated reading environment.1,2 In contrast to
earlier oculomotor assessment tools of visual-verbal format, such
as the King-Devick test,3,4 the DEM test aims to factor out the ef-
fects of rapid automaticity naming skills by including a vertical sub-
test (Fig. 1).1,5 The vertical subtest consists of two parts. In each
part, two vertical columns of 20 equally spaced numbers are read
from top to bottom. In the horizontal subtest, 16 horizontal rows
of five unequally spaced numbers are read from left to right. The
subtests are scored by completion time and naming errors. Scores
for the vertical subtest combine the results of the two vertical arrays.
Visual acuity, sustained visual attention, number recognition and re-
trieval, and visual-verbal integration time are but a few factors other
than oculomotor skills that influence the results of either subtest.
The premise of the DEM test is, however, that the vertical subtest
is dominated by visual-verbal number naming skills (automaticity)
rather than oculomotor skills because there is no need for horizontal
saccades in this subtest.1 Automaticity also influences the time to
complete the horizontal subtest, but the test assumes that a higher
level of oculomotor control is required for making horizontal sac-
cades of varying magnitude. Therefore, deficiencies in oculomotor
performance during the horizontal subtest would increase the dis-
crepancy with the vertical subtest as expressed by the ratio. The
DEM test ratio is defined as the horizontal time (corrected for omis-
sion and addition errors) divided by the vertical time. The ratio is the
main outcome measure to evaluate oculomotor function.1 A ratio
higher than the norm would indicate oculomotor dysfunction inde-
pendent of a child's rapid automaticity naming skills.6

Thus far, however, construct validity of the test ratio remainsunclear.
Although the horizontal and vertical subtests seem to be good indicators
of the level of academic performance,1,7,8 reading rate,9–13 and speed
of visual processing,14,15 the assumption that the ratio is a good
measure of oculomotor function and symptomatology has often
been questioned.14,16–21 We have previously measured eye move-
ments while children partook in the DEM test. Our results showed
that, both during the vertical and horizontal subtests, children spent
relatively little timemaking saccades comparedwith the time spent fix-
ating on numbers.15 We therefore argued that the vertical and horizon-
tal subtests on their own are useful to detect delayed visual processing
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FIGURE 1. The DEM test. Schematic overview of the DEM test. Numbers not drawn to scale. The vertical subtest must be read from top to bottom and is
defined as the time needed to read test A + B. The horizontal subtest has to be read from left to right and is defined by test C after reading time is
corrected for errors. DEM = Developmental Eye Movement.
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or number naming, but that the ratio is not a good indicator of saccade
behavior. In clinical practice, however, oculomotor dysfunction is often
definedas adeficiency in the overall process of reading eyemovements
rather than a deficiency in the execution of saccades alone.5 This
includes fixation behavior and planning of saccade series.

Our previous eye-tracking experiments15 included only normally
sighted children who did not have difficulties in oculomotor behavior.
The following question is therefore valid: how do children with im-
paired oculomotor functions perform on the DEM test compared with
normally sighted children? Surprisingly, to the best of our knowledge,
only few studies have explored this in various clinical cohorts. One
study tested children with amblyopia, where one of the symptoms is
a poorer efficiency in oculomotor control.19 A second study tested a
group of children diagnosed with a variety of impaired oculomotor
skills.22 A recent study tested children with a developmental coordi-
nation disorder where pursuit-tracking tasks can be one of the chal-
lenges they experience.23 All three studies found significant associa-
tions of the DEM subtests with visual skills but no significant relation
with oculomotor symptomatology. A fourth study, on the other hand,
reported that failing the ratio identified 90% of the children with one
or more positive scores on a questionnaire of symptoms associated
with oculomotor dysfunction.24

In the present article, we compared data from children with and
without clinical signs of abnormal oculomotor behavior to study
whether the DEM test ratio can differentiate between problems with
seeing, decoding, and rapidly verbalizing the numbers, on the one
hand, and difficulty in oculomotor control, on the other. More specifi-
cally, we focused on children whose fixation and saccadic behavior
was disturbed by the presence of a pathologic nystagmus. Nystagmus
may be defined as repetitive, to-and-fro involuntary eyemovements. It
commonly consists of an alternation of slow drift (slow phase) in one
direction and corrective saccade (quick phase) in the other.25 Even
if its etiology and waveform may differ between individuals,26 the
involuntary drifts and quick phases of a pathologic nystagmus are
abnormal forms of oculomotor behavior causing abnormal patterns
of fixations and saccades during reading and nonreading tasks.
These abnormal patterns are the “fixational and saccadic activity,”
which the DEM test aims to quantify.6

Infantilenystagmuscanoftenbeobserved throughvisual inspection27

and is associated with reduced visual acuity (for a review, see
Papageorgiou et al.28). Infantile nystagmus is congenital or acquired
in the first 12months of life. The cause can be unknown (idiopathic)
or associated with ocular disease or neurological syndromes.29 Nys-
tagmus can manifest along different planes, waveforms, amplitude,
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and conjugacy, but all variations are characterized as oculomotor de-
ficiencies.30 Fusion maldevelopment nystagmus syndrome is char-
acterized as a jerk nystagmus that primarily occurs when one eye is
closed.31 People with infantile nystagmus often show longer sac-
cade latencies compared with people without nystagmus, and sac-
cade accuracy is reduced.32–36

Infantile nystagmus is seen in children with ocular visual impair-
ments and symptomatically in children with cerebral visual impair-
ments.37 Children with cerebral visual impairments suffer from cogni-
tive visual impairments caused by malfunctions in the visual pathways
of the brain.38 They show a large variation in symptoms, visual acuity,
and cerebral damage, whereas obvious ocular abnormalities are not
found.39–41 Their visual orienting behavior consists of fixation abnor-
malities, such as a prolonged time before fixating on a stimulus and in-
termittent fixation toward a stimulus.42,43 In addition, they show oculo-
motor abnormalities; nystagmus and strabismus are often found as a
symptom of cerebral visual impairment, also when their family history
is negative for strabismus or nystagmus.37We have recently shown that
childrenwith cerebral visual impairments neededmore time to read the
numbers of the DEM subtests than did children with ocular visual im-
pairments. In addition, the children with ocular visual impairments or
cerebral visual impairments needed, on average, more time than did
thenormally sighted controls.44Given the abnormal visual orientingbe-
haviors of children with cerebral visual impairments, we wondered if
the ratio could be informative too.

If the DEM test ratio is a good, comprehensive indicator for oc-
ulomotor function, then children with ocular visual impairments or
cerebral visual impairments who also have a clinically visible nys-
tagmus should show particularly high ratios compared with
age-matched children without nystagmus, be it normally sighted
children or children with visual impairments. For children with ce-
rebral visual impairments, one might perhaps expect a higher-
than-normal ratio even if they have no nystagmus because the
spatial and temporal information from visual cortex may be de-
layed or not accessible for efficient planning and execution of vi-
sually guided eye movements.45,46
METHODS

Participants

These data set and part of the methods were previously de-
scribed.44 A total number of 157 children were included. Children
2; Vol 99(9) 712
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who did not show signs of nystagmus (n = 129, 9.4 ± 1.9 years of
age) consisted of three different groups: normally sighted children
(n = 94), children with ocular visual impairments (n = 13), and chil-
drenwith cerebral visual impairments (n =22). Childrenwith nystag-
mus were subdivided into children with infantile nystagmus syn-
drome (n = 20, 9.5 ± 2.6 years of age; ocular visual impairments,
n = 18; cerebral visual impairments, n = 2) and children with fu-
sion maldevelopment nystagmus syndrome (n = 8, 8.1 ± 1.1 years
of age; ocular visual impairments, n = 2; cerebral visual impair-
ments, n = 6).

Five children with ocular visual impairments and nystagmus had
albinism (see Tanke et al.44 for more detail). The normally sighted
children had a distance visual acuity of 0.1 logMAR or better (mean,
−0.23 ± 0.08 logMAR), whereas the children with ocular visual im-
pairments had a visual acuity worse than 0.1 logMAR (mean,
0.38 ± 0.23 logMAR). Inclusion criteria for normally sighted chil-
dren and children with ocular visual impairments were normal birth
weight (>2500 g), birth at term (>36 weeks), no perinatal complica-
tions, and normal development. The only inclusion criterion for the
children with cerebral visual impairments was having the diagnosis
of cerebral visual impairments (mean visual acuity, 0.17 ± 0.25
logMAR).

The diagnosis of cerebral visual impairments and the presence of
nystagmus were determined by ophthalmologists of Bartiméus or
Royal Dutch Visio, Dutch institutes for the rehabilitation of the visu-
ally impaired. Cerebral visual impairment was diagnosed according
to the Dutch guidelines for cerebral visual impairment, which take
into consideration medical history and ophthalmological, neuropsy-
chological, and neurological examinations.47 Nystagmus was deter-
mined during ophthalmological examination. In case of doubt, slit-
lamp examination was used.

The study was approved by the local ethics committee (Commissie
Mensgebonden Onderzoek regio Arnhem-Nijmegen, the Netherlands,
protocol NL48708.091.14) and conducted according to the princi-
ples of the Declaration of Helsinki. Informed consent was obtained
from the parents of all participants before testing. Testing occurred
at the children's primary school (normally sighted children) or reha-
bilitation center (children with visual impairments) from which they
were recruited.

Developmental Eye Movement Test

TheDEM test (Fig. 1) was administered on a computer screen at
~65 cm, with all numbers presented at the prescribed48 font size of
0.71 logMAR. Before testing, the children first practiced in a short-
ened version of the DEM test with random ordering of the numbers
to familiarize them with the task and make sure that they could
read numbers. Then, in test A, children had to name the numbers
from top to bottom, one column at a time. Test A was followed by
test B, which is like test A but with the numbers in a different order.
Lastly, in test C, the children were asked to name the numbers from
left to right, starting at the top row. For the full list of numbers used
and details concerning number spacing and number size, see Garzia
et al.1 and Tanke et al.15 In each subtest, the array of numbers ap-
peared on the screen as soon as the experimenter pressed the space
bar, and disappeared when the experimenter pressed the space bar
again as soon as the child named the last number. The software re-
corded the start and stop moments.

Equipment

Thedigital versionof theDEMtest usedat the schools andBartiméus
was written in MATLAB (version 2013b; MathWorks, Natick, MA) using
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the Psychophysics Toolbox (version 3.0.12; MathWorks).49 The one
used at Royal Dutch Visio was written in Python using PsychoPy3
(version 2020.2.10; Open Science Tools, Ltd., Nottingham, United
Kingdom).50 In all cases, the visual stimuli were presented on a
23-inch LCD screen (1920� 1200pixels;Dell, Inc., RoundRock, TX).

Data Analyses

The data were plotted and analyzed in MATLAB (version 2020b;
MathWorks). Vertical time was taken as the sum of the time needed
to complete test A and test B. If only test A was completed (n = 4 of
157), vertical time was taken as 2 � test A.15 Horizontal time was
the time to complete test C adjusted for omissions and additions.48

Repeating a whole line counted as five additional errors. Skipping
one line counted as two omission errors.

Horizontal time ¼ test C time� 80
80−omissionsþ additionsð Þ

In accordance with the scoring rules of the DEM test,48 the time
needed for tests A and B was not adjusted for errors (the number of
errors made during these tests is indeed small). The ratio was deter-
mined as horizontal time (adjusted for errors) divided by vertical time:

Ratio ¼ horizontal time

vertical time

We then used multiple linear regression to test if the presence of
nystagmus influences the test scores. In these analyses, we divided
the population into three different groups: normally sighted chil-
dren, children with ocular visual impairments, and children diag-
nosed with cerebral visual impairment. In addition, we categorized
the children according to the presence of nystagmus using three dif-
ferent levels: no clinical signs of nystagmus, fusion maldevelopment
nystagmus syndrome, and infantile nystagmus syndrome. Because
the test scores improved with age, we also included age as a covari-
ate. The regression model applied to the horizontal time, vertical
time, and ratio was as follows (Wilkinson notation): DEM score ~ nys-
tagmus + group + age, DEM represents the DEM test.

Although most of the children performed the DEM subtests as
instructed, the horizontal subtest was too difficult for eight of them
(infantile nystagmus syndrome, n = 0 of 20; fusion maldevelopment
nystagmus syndrome, n = 2 of 8; no nystagmus, n = 6 of 129). These
children did not read the numbers row by row but skipped from one
row to another on numerous occasions, making it impossible for the
experimenter to document which number was read from which loca-
tion. We therefore had to exclude the horizontal times and test ratios
of this small number of children (8 of 157).
RESULTS

Horizontal and Vertical Performance

The tested population consisted of 94 normally sighted children
who did not have nystagmus and 63 children with ocular visual
impairments or cerebral visual impairments, of whom 28 showed a
pathologic nystagmus. Figs. 2A and B show that the children's hori-
zontal and vertical times improved as a function of their calendar
age. Moreover, it can be seen that, compared with age-matched nor-
mally sighted children (black dots), most of the children with ocular
visual impairments or cerebral visual impairments needed more time
to read the numbers of the DEM test. However, in children diagnosed
with ocular visual impairments or cerebral visual impairments, there
2; Vol 99(9) 713



FIGURE 2. Performance on the vertical and the horizontal DEM test. (A) Total time needed to read the numbers of the vertical subtest plotted against age
for children with INS (red dots), FMNS (blue dots), NS NN children (black dots), and children with VIo/CVI NN (gray dots). (B) Same as panel A but for the
horizontal time. (C) Average difference of the score of children with FMNS (blue bars) and INS (red bars) compared with the scores of children with no
nystagmus, adjusted for age and group (NS, VIo, or CVI). Error bars represent ±1 SEM. CVI = cerebral visual impairment; DEM = Developmental Eye Move-
ment; FMNS= fusionmaldevelopment nystagmus syndrome; INS = infantile nystagmus syndrome; NS = normally sighted; NSNN= normally sighted chil-
dren without nystagmus; SEM = standard error of the mean; VIo/CVI NN = ocular visual impairments or cerebral visual impairments without nystagmus.
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seemed to be no systematic differences in DEM performance be-
tween childrenwith infantile nystagmus syndrome (red dots), children
with fusion maldevelopment nystagmus syndrome (blue dots), and
children without nystagmus (gray dots).

Our multiple linear regression analyses confirmed our previous
findings44 as follows: (1) the children's age and the diagnosis ocu-
lar visual impairments or cerebral visual impairments had a signif-
icant influence on both the vertical times (age: t151 = −6.32,
P < .001; ocular visual impairments: t151 = 3.32, P = .001; cerebral
visual impairments: t151 = 5.83, P < .001) and the horizontal times
(age: t143 = −7.87, P < .001; ocular visual impairments:
t143 = 2.17, P = .03; cerebral visual impairments: t143 = 6.18,
P< .001),44 and (2) childrenwith cerebral visual impairments needed
more time for the horizontal subtest compared with children with ocu-
lar visual impairments (cerebral visual impairments: 21 ± 8 millisec-
onds longer, t143 = 2.76, P = .007). They also confirmed our new
observation that the presence of a pathologic nystagmus had no
significant influence on performance in either the vertical subtest
(fusion maldevelopment nystagmus syndrome: t151 = 0.99, P = .32;
infantile nystagmus syndrome: t151 =−1.26,P= .21) or the horizontal
subtest (fusion maldevelopment nystagmus syndrome: t143 = −0.37,
P = .71; infantile nystagmus syndrome: t143 = −0.53, P = .60; linear
regression). To illustrate these findings, Fig. 2C shows the average dif-
ferences of childrenwith fusionmaldevelopment nystagmus syndrome
(blue) or infantile nystagmus syndrome (red) compared with children
without nystagmus, adjusted for the effects of age and diagnosis ocu-
lar visual impairments or cerebral visual impairments. Appendix
Tables A1A and B, available at http://links.lww.com/OPX/A576, list
the analysis-of-variance tables for these analyses.
Results for Children with Nystagmus

The DEM test ratio was purported to differentiate between poor
oculomotor skills (assumed to increase horizontal time and ratio)
and poor visual-verbal automaticity (horizontal and vertical times
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would both increase, but the ratio would remain normal).1 However,
as can be seen in Fig. 3, themean difference in ratio between children
with or without nystagmus is nearly zero. Compared with age-matched
normally sighted children, the average ratios of children with fusion
maldevelopment nystagmus syndrome and infantile nystagmus
syndrome were only 0.02 ± 0.10 and 0.03 ± 0.07 larger, respec-
tively. Thus, we found no significant relationship between the ratio
and the presence of nystagmus (fusion maldevelopment nystagmus
syndrome: t143 = 0.17, P = .86; infantile nystagmus syndrome:
t143 = 0.41, P = .68; linear regression). In addition, the ratio was
not significantly influenced by the diagnosis ocular visual impair-
ments or cerebral visual impairments (ocular visual impairments:
t143 = −0.95, P = .34; cerebral visual impairments: t143 = 1.36,
P = .17). The ratio only showed an age-related decrease
(−0.022 ± 0.009 per year; t143 = −2.46, P = .02), as was also re-
ported by Garzia et al.1 See Appendix Table A1C, available at
http://links.lww.com/OPX/A576, for the analysis-of-variance table
for this analysis.
DISCUSSION

Both the horizontal and vertical times as well as the ratio were sim-
ilar for children with or without clinically apparent nystagmus. The
presence of an ocular visual impairment or cerebral visual impairment
was not significantly reflected in the ratio either. Children diagnosed
with an ocular visual impairment or cerebral visual impairment did
perform significantly worse on the horizontal and vertical tests than
did age-matched normally sighted children.

Note that a large group of normally sighted children was included
(94 of 157), and none of them had nystagmus. We have previously
reported eye-tracking data from these children during the horizontal
and vertical subtests.15 Unfortunately, we did not have sufficient
eye-tracking data from the children with ocular visual impairments
and cerebral visual impairments (but see Appendix Figs. A1 and
2; Vol 99(9) 714



FIGURE 3. The DEM ratio. (A) The DEM ratio (horizontal time/vertical time) plotted against age for children with INS (red dots), FMNS (blue dots), NS
NN children (black dots), and children with VIo/CVI NN (gray dots). (B) Average difference of the ratio of children with FMNS (blue bars) and INS (red
bars) compared with the ratio of children with no nystagmus, adjusted for age and group (NS, VIo, or CVI). Error bars represent ±1 SEM. CVI = cerebral
visual impairment; DEM = Developmental Eye Movement; FMNS = fusion maldevelopment nystagmus syndrome; INS = infantile nystagmus syndrome;
NS = normally sighted; NS NN = normally sighted children without nystagmus; SEM = standard error of the mean; VIo/CVI NN = ocular visual impair-
ments or cerebral visual impairments without nystagmus.
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A2, available at http://links.lww.com/OPX/A576, for three illustrative
cases). In the present study, we therefore had to rely on the status re-
ports of the patients regarding their oculomotor deficiencies. Twenty
children in our study were reported to have infantile nystagmus syn-
drome. For these children, the fixation and saccade abnormalities
associatedwith their nystagmus should have been reflected in an ab-
normally high ratio. However, this was not observed. An additional
eight children with fusion maldevelopment nystagmus syndrome
were identified. In fusion maldevelopment nystagmus syndrome,
the involuntary oscillations of the eyes typically occur only when
one eye is covered. Because the DEM test was performed binocu-
larly, the children with fusion maldevelopment nystagmus syndrome
most likely did not exhibit nystagmus during the test. Thus, one
would not necessarily expect abnormal fixation and saccadic behav-
ior for these children. Some childrenwith fusionmaldevelopment nys-
tagmus syndrome might have been misdiagnosed: they were not sub-
jected to detailed eye movement recordings to confirm that the nystag-
mus was absent during the DEM test.51 To make sure that our results
would not be biased by this subgroup of children, we modeled them
as a separate category in our regression analyses.

The children with nystagmus were all visually impaired because
of ocular problems, or they were diagnosed with cerebral visual im-
pairments. On average, children with ocular visual impairments or
cerebral visual impairments neededmore time to read the numbers
of the DEM subtests compared with normally sighted controls. We
cannot exclude that the children with ocular visual impairments or
cerebral visual impairments who showed no signs of nystagmus had
other more covert oculomotor deficiencies. Therefore, one should not
conclude that the difference in test performance between normally
sighted children and children with ocular visual impairments or cere-
bral visual impairments was exclusively due to visual deficiencies or
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poorer number naming skills. In subjects with normal development,
compensating head movement is often seen (also vertically), whereas
in children with cerebral visual impairment, the coordination between
head and eye movements can be impaired too.

The lack of differences in DEM test performance between children
with or without nystagmus is consistent with previous studies showing
that reading speed can be nearly normal for people with infantile
nystagmus52 if an optimal font size is used53 and crowding is lim-
ited.54 Although the DEM subtests can be a good indicator of read-
ing rate,9–13 the numbers of the test are large enough for themajor-
ity of people with nystagmus to read without limitations53 and are
spaced too far apart to be considered crowded.55

Most importantly, the ratio, which is supposed to be the key
metric of oculomotor performance during the test, was not able to
predict the presence of either fusion maldevelopment nystagmus
syndrome or infantile nystagmus syndrome. Together with the fact
that the ratio did not differ significantly between normally sighted
children, children with ocular visual impairments, or children with
cerebral visual impairments, this is a strong indication that the ratio
is not sensitive enough to be a clinically relevant diagnostic aid.We
suspect that the assumptions underlying this test metric are incor-
rect. One implicit but likely invalid assumption is that children who
exhibit inefficient eye movement patterns in the horizontal subtest
would have no problems planning and executing saccades in the
vertical subtest. At least in children with a clinically visible nys-
tagmus, this assumption is not tenable. Even if the nystagmus is
primarily horizontal, it may still interfere with the planning and
execution of a next voluntary saccade because the amplitude
and direction of that saccade might need constant adjustment
(see Appendix Fig. A1, available at http://links.lww.com/OPX/
A576, for an example). In children with cerebral visual impairments,
2; Vol 99(9) 715
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whose planning and execution of visually guided eye movements may
be impaired because of damage or dysfunction of the striate and
extrastriate cortex,38–41 it is also improbable that the resulting oculo-
motor dysfunction would differentially affect the two subtests. The
neurophysiological organization of the saccadic system at the cortical
and subcortical levels does not justify this assumption.25,56,57

A small number of children (8 of 157) were excluded from our
analyses because the horizontal subtest was too difficult for them.
Note, however, that most of these children (six of eight) did not
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show signs of nystagmus (see Methods). If anything, the opposite
would have been expected if the comparison between the horizon-
tal and vertical subtests were to indicate an oculomotor deficiency.

In conclusion, we believe that the vertical and horizontal sub-
tests are useful in the diagnosis of cerebral visual impairments
and in the detection of delayed visual processing speed or num-
ber naming skills. However, we found no evidence that the ratio
has predictive power concerning visual impairment or the pres-
ence of involuntary drifts and saccades.
ARTICLE INFORMATION

Supplemental Digital Content: Appendix Table A1, avail-
able at http://links.lww.com/OPX/A576. ANOVA tables
of the multiple linear regression analyses for the Devel-
opmental Eye Movement (DEM) test. Nystagmus had
no significant influence on the vertical subtest (A), hori-
zontal subtest (B) or DEM test ratio (C) while age did. Di-
agnosis ocular visual impairment or cerebral visual im-
pairment influenced the outcome of the vertical and hor-
izontal subtest but not the ratio.

Appendix Figure A1, available at http://links.lww.com/
OPX/A576. Eye movements during the DEM test in two
visually impaired children. Although we did not collect
sufficient eye-tracking data during the DEM test to
allow for an analysis of the eye movement patterns in
children with ocular or cerebral visual impairments, we
did obtain some data from a few illustrative cases. (A)
Eye movements of a child (age: 11.9 years, visual
acuity: 0.27 logMAR, left eye) with ocular visual
impairments and Infantile Nystagmus Syndrome
illustrating how the nystagmus affected the child’s
fixation and saccadic behavior in the vertical and
horizontal subtests. Top left: point of gaze on the
screen (blue) during part of the vertical and horizontal
test subtest. Numbers not drawn to scale. Top right:
horizontal (red) and vertical (blue) eye position as a
function of time during part of the vertical subtest.
Bottom: eye position traces during part of the
horizontal subtest. (B) Same as (A) but from a child
(age: 8.6 years, visual acuity: 0.14 logMAR, left eye)
having no nystagmus but a lot of difficulty in both
subtests. The difficulties in completing both subtests
were congruent with the child’s diagnosis of cerebral
visual impairment. Note the many saccades back up
during the vertical subtest, and the child’s difficulty
localizing the numbers of the horizontal subtest (see
Appendix Figure A3 for comparison). Eye movement
data were collected with a remote, stereoscopic eye
tracker under head-free viewing conditions.15,58

Appendix Figure A2, available at http://links.lww.com/
OPX/A576. Eye movements during the DEM test in a
normally sighted child. The child was 10.5 years old,
visual acuity was –0.15 logMAR, left eye is shown. (A–
B) Point of gaze on the screen (blue) during the
vertical (A) and horizontal (B) subtest. Circles
represent number locations. (C–D) Horizontal (red) and
vertical (blue) eye positions a function of time during
the vertical (C) and the horizontal subtest (D). Data
were collected under head-free viewing conditions. Eye
positions (in C and D) are eye positions relative to the
head. Blinks and other eye-tracking artifacts were
removed.
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