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Abstract
Objective—To evaluate cognitive control in children with attention-deficit/hyperactivity disorder
(ADHD) using oculomotor tests of executive function.

Method—Cross-sectional study of children aged 8 to 13 years with ADHD (n = 26) and controls
(n = 33) used oculomotor tasks to assess sensorimotor function (visually guided saccades),
resistance to peripheral distractors (fixation), response inhibition (antisaccades), and spatial
working memory (memory-guided saccades).

Results—All children had intact sensorimotor function and working memory. Children with
ADHD showed susceptibility to peripheral distractors and deficits in response inhibition.
Increased interstimulus (IS) fixation periods on the antisaccade task were associated with
improved performance and decreased reaction times on correct trials for controls but not for
children with ADHD. Attention-deficit/hyperactivity disorder–combined and inattentive subtypes
showed different patterns of reaction time as a function of IS periods.

Conclusions—Response inhibition deficits in ADHD on oculomotor tasks are consistent with
other studies. The failure of children with ADHD to use IS time to decrease response inhibition
errors and reaction time suggests that IS time is not used to prepare a response. These findings
highlight the importance of considering cognitive processing components affected by ADHD in
addition to core behavioral symptoms, particularly in designing new treatment strategies.
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Attention-deficit/hyperactivity disorder (ADHD) is characterized by behavioral symptoms
of inattention and may include hyperactivity and impulsivity. Studies have demonstrated
that children with ADHD often have difficulty on a wide range of tasks requiring complex
abilities classified under the umbrella term of executive function or cognitive control.1,2
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These abilities include filtering out distractors, inhibiting automatic responses, keeping
important information active, and planning to carry out goal-directed behavior. One widely
recognized theory of ADHD identifies response inhibition as the core deficit.2

The oculomotor system provides several advantages for investigating executive function and
therefore has the potential to reveal specific behavior limitations and, by inference,
associated brain regions that function distinctly in ADHD. The neurophysiology and
neuroanatomy of the oculomotor pathways have been well characterized in single-cell
neuron studies in nonhuman primates.3,4 The oculomotor system consists of a widely
distributed network, including the frontal eye fields, posterior parietal cortex, supplementary
eye fields, presupplementary motor area, dorsolateral prefrontal cortex, superior colliculus,
basal ganglia, thalamus, and cerebellum.3 Volumetric and functional imaging studies
implicate frontal-striatal and cerebellar brain regions in executive function deficits observed
with ADHD.5-8 Given the overlap between oculomotor and attentional networks,9,10

oculomotor tasks are a means of investigating the integrity of these regions.

Oculomotor tasks are objective nonverbal tests that have been used to study cognitive and
brain systems in typically developing populations11,12 and those with neurodevelopmental
disorders.3 The tasks are simple, easily performed by children, unlikely to be affected by
verbal or other learning strategies, and use the visual domain for both encoding and
responding. The visually guided saccade (VGS) task requires the subject to fixate a suddenly
appearing stimulus13 and serves as a control task to assess underlying impairments in basic
sensorimotor function. The fixation (FIX) task requires the subject to look straight ahead
despite the appearance of peripheral distractors, which assesses the ability to inhibit a
response toward the distractors. The antisaccade (AS) task requires the subject to inhibit a
reflexive response to a suddenly appearing stimulus and instead, to look to the mirror
location.14 The AS is used to assess voluntary response suppression or response inhibition, a
core component of executive function. In addition, performance and reaction time as a
function of the interstimulus fixation period, or the duration of delay between fixation and
the stimulus, were also assessed. The memory-guided saccade (MGS) task requires the
subject to look to the location of a previously presented visual target15 and assesses
maintenance of spatial working memory.

Studies of ADHD using oculomotor tasks have found greater frequency of intrusive
saccades during fixation periods16-18 and response inhibition deficits on AS tasks16,19-21

and MGS tasks.17,20 Studies of children with Tourette’s syndrome identify different deficits
on oculomotor tasks than those found in ADHD.22,23 These studies have not specifically
investigated performance and reaction time as function of varied interstimulus fixation time.
An advantage of the AS task is the ability to assess reaction time on correct response
inhibition trials. Other response inhibition paradigms, such as the continuous performance
test and go/no-go task, do not generate a reaction time on correct response inhibition trials.
On the AS task, performance and reaction time are evaluated as a function of the duration of
time between fixation and the stimulus. In our AS task, the instructional cue (a red cross) is
present throughout the interstimulus period and serves as the fixation point before the
appearance of the stimulus.

The primary goal of this study was to evaluate differences in cognitive control in children
with ADHD compared with controls using oculomotor tests of executive function. A
secondary goal was to conduct post hoc analyses of potential differences between ADHD-
combined (ADHD-C) and ADHD-predominantly inattentive (ADHD-I) subtypes. Attempts
to differentiate ADHD-C and ADHD-I subtypes using neuropsychological tests yield mixed
results.24-26 The lack of differences between behaviorally defined subtypes has been
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attributed to heterogeneity in the ADHD phenotype and the recognition of multiple causal
pathways leading to ADHD.1

We expand and improve on previous studies of AS performance in ADHD by assessing
performance and reaction time as a function of interstimulus fixation period. We chose
interstimulus fixation periods of 0.5, 2, 4, and 6 seconds based on past single-cell and
neuroimaging studies that tested a wide range of interstimulus fixation periods and found
that the level of activation in specific brain regions during the interstimulus period is critical
to AS performance.27-29 For example, single neuron recordings show a reduction in the
level of preparatory saccade-related activity in the superior colliculus before stimulus
presentation on AS trials.3 Long periods (>6 seconds) were avoided because these may lead
to fatigue and the initiation of additional non–task-related processes. In addition, in our
study, participants were free of comorbid disorders and group-matched for age, IQ, and
socioeconomic status.

We hypothesized that, compared with controls, children with ADHD would show intact
sensorimotor processing, susceptibility to peripheral distractors, and impairments in
response inhibition, the use of interstimulus fixation time, and working memory.

METHOD
Subjects

Participants were children aged 8 to 13 years who met DSM-IV criteria for ADHD (n = 26).
Participants with ADHD were recruited by flyers and referrals from general pediatric, child
development, and psychiatry clinics in Pittsburgh and the surrounding area. The diagnosis of
ADHD was established by a qualified professional before study entry and confirmed by the
primary author (board-certified developmental-behavioral pediatrician) using a telephone
interview and questionnaires reviewing diagnostic criteria for ADHD and comorbid
disorders, including the National Initiative for Children’s Healthcare Quality Vanderbilt
Assessment Scale for Parents and Teachers (Vanderbilt),30,31 a questionnaire based on
DSM-IV behavioral criteria and functional outcomes, and the Achenbach Child Behavior
Checklist and the Teacher Report Form.32 In some cases, previous diagnostic assessment,
medical, and school records were also reviewed. The diagnosis of ADHD was confirmed if,
on the Vanderbilt, children had six of nine symptoms of inattention rated at a level of 2 or 3
on a four-point Likert scale (0 = never, 1 = occasionally, 2 = often, and 3 = very often) and
had evidence of impairment in at least two settings as rated by two independent raters
(parent and teacher). Children with ADHD were classified as ADHD-C if they also had 6 or
more of 9 items on a hyperactivity and impulsivity scale scored as positive (level of 2 or 3;
see Table 1 for average symptom scores) and as ADHD-I if the sum of scores on the
hyperactivity and impulsivity scales were less than 12. For two children, there was a
discrepancy between parent and teacher scores in determining ADHD subtype; teacher
information was used to make the final classification. The ADHD-C group was slightly
younger in age and had more boys than girls compared with the ADHD-I group.

Children with ADHD were excluded for learning problems, because of the impact of this
common comorbidity on executive function and potential overlap in underlying neural
regions associated with learning problems such as dyslexia.33,34 Learning problems were
defined as history of grade retention, enrollment in special education, or presence of an
individualized education plan for specific learning disability. A total of 130 children with
ADHD were screened; most of those excluded had learning problems. Oppositional defiant
disorder, a common comorbid condition, was not excluded. Four children with ADHD-C
and five with ADHD-I had positive screens for oppositional defiant disorder on the parent
Vanderbilt.
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Children with ADHD on stimulants were not excluded but withheld medication on the day
of testing. Withholding medication on weekends is common in children with ADHD and
typically done in research studies to examine performance while unmedicated. Although
more children with ADHD-C had current or previous history of stimulant use, there were no
statistical differences between the two ADHD subtypes (Table 1).

Children in the control group (n = 33) had no evidence of ADHD or any Axis I psychiatric
disorder as determined by questionnaire. Controls were part of an ongoing study of typically
developing children undergoing the same procedures and conducted in the same laboratory.
The controls were recruited by flyers, magazine advertisements, and word of mouth. The
controls were group-matched to children with ADHD for age, sex, IQ, race (white versus
nonwhite), and maternal education (high school, trade school, some college but no degree
versus 4-year college degree or more) as a measure of socioeconomic status (Table 1).

The children in all groups were excluded for IQ lower than 80; history on screening
questionnaires of tics, Tourette’s syndrome, conduct disorder, autism spectrum disorders,
psychosis, bipolar disorder, and major depression; major neurological disorder (i.e.,
seizures, history of meningitis or encephalitis, head injury); eye movement abnormalities
(i.e., strabismus); hearing impairments; genetic syndromes; non-English speaker; and use of
oral steroids, atomoxetine, or psychotropic medication for anxiety, depression, or
aggression. The controls were also excluded for personal and family history of any Axis I
psychiatric disorder in a first-degree relative as determined by questionnaire.

Experimental procedures complied with the Code of Ethics of the World Medical
Association (1964 Declaration of Helsinki) and the standards of the Children’s Hospital of
Pittsburgh and the University of Pittsburgh institutional review board. A parent or legal
guardian provided informed consent. Children provided assent. The subjects were
compensated for participation.

Design and Procedures
All children completed testing procedures in fixed order, starting with eye movement
testing. IQ was assessed using the Wechsler Intelligence Scale for Children III-R dyad
consisting of vocabulary and block design that correlates highly with full-scale IQ scores (r
= 0.91).35

Eye Movement Test Procedures
Participants were tested in a darkened room, seated comfortably, and positioned 56 cm from
a 17-in. PC monitor where stimuli were displayed. Movement was minimized with a table-
mounted chin rest and head restraint. Eye movement measurements were acquired with an
Applied Science Laboratories model 504 (ASL, Bedford, MA) table-mounted near-infrared
eye tracker with a sampling rate of 60 Hz. A technician monitored eye movements during
task performance in real time using E5WIN software (ASL) and provided instructions when
necessary. Task stimuli were presented using E-Prime software (Psychology Software
Tools, Pittsburgh, PA).

Eye Movement Tasks
Participants were given standardized instructions before each task and allowed to practice
the tasks while monitored by a technician, who answered any questions and confirmed that
participants understood the instructions. Participants were required to complete at least five
trials correctly before testing began to ensure that lack of comprehension of task instructions
was not the reason for poor performance. Correct performance of the task was emphasized
rather than speed of responding during the instructions. The VGS task was presented first to
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avoid any possible impact of previous performance of more complicated tasks on this simple
sensorimotor task. Then, the FIX, AS, and MGS were presented.

In all four tasks, peripheral targets were presented in the horizontal plane at randomized
locations 4 or 8 degrees of visual angle right or left from central fixation. We varied the time
during fixation (500 milliseconds and 2, 4, or 6 seconds) on VGS, FIX, and AS tasks to
assess group differences in the use of interstimulus fixation time. Interstimulus fixation
periods were used in equal proportions and randomized within each task. During VGS, FIX,
and AS tasks, there was a 200-millisecond gap between the fixation cross and target
presentation. For VGS, FIX, and AS tasks, 48 trials were presented. For MGS task, 32 trials
were presented.

VGS Task—The participants were instructed to fixate a green central fixation cross and
then look toward the peripheral light (target) that appeared for 1 second. Dependent
measures were proportion of errors, latency (saccadic reaction time [SRT], measured as the
interval from fixation offset to the initiation of the saccade to the target), and accuracy of
saccades to peripheral locations (error measured in degrees of visual angle).

FIX Task—The participants were instructed to fixate a blue central fixation cross for a
variable delay and to hold gaze at the central fixation area after the cross was extinguished
for a 200-millisecond gap period. The gap was followed by the appearance of a small
circular target that appeared at a randomized location for 1 second. Any trial containing a
break from central fixation to saccade toward a peripheral target (movement greater than 50
pixels) was considered a failed trial. The dependent measure was proportion of errors or the
proportion of trials with breaks from fixation.

AS Task—The participants were instructed to fixate a red central fixation cross for a
variable delay. Fixation was extinguished for a 200-millisecond gap, after which a
peripheral target appeared for 1 second. The subjects were to direct their gaze to the mirror
location of the target. Dependent measures were proportion of errors, latency of primary
saccades to peripheral targets on correct trials, and accuracy for spatial location of saccades.
The impact of interstimulus fixation period on latency and performance of the task
(proportion of errors) was also evaluated.

MGS Task—The participants were instructed to fixate a yellow central fixation cross. After
1.925 seconds, a small target appeared at a randomized location for 75 milliseconds. The
participants were instructed not to gaze at the peripheral target but to remember its location
during the ensuing working memory delay period of 2.5 or 7.5 seconds. After the delay, the
central fixation cross was extinguished, and the participants had 2 seconds to saccade to the
remembered location. After 2 seconds, a feedback cross appeared at the correct target
location for 2 seconds before starting the next trial. Dependent measures were latency and
accuracy of initial and final resting saccade to the remembered location on correct trials.
Trials in which the subject made a saccade toward the peripheral target before the end of the
delay period were considered failed trials (failures of response inhibition), which were
analyzed separately from the correct trials and reported as proportion of errors.

Eye Movement Analysis—Eye movement recordings were analyzed offline using a
combination of ILAB36 and in-house programswritten in MATLAB (MathWorks, Natick,
MA). Results of algorithm-based measurements were presented graphically and numerically
online to a technician for inspection of measurements from each saccade of each trial of
every task. Saccades were identified using a velocity algorithm using a 30-degree/s criterion,
which reliably detects 0.25-degree saccades. Trials with saccade latencies of less than 80
milliseconds were omitted from the analysis to exclude any predictive responses that were
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not guided by task stimuli.37 Rare blink artifacts, which occurred on less than 10% of trials
and occasionally resulted in failure of the software to identify primary saccades, were also
identified and excluded.

Data Analysis—Trials within each experimental condition were averaged for each subject.
Data were missing for one control subject on the VGS task and for two controls and one
ADHD-C subject on the FIX task because of technical difficulty. Appropriate adjustments in
the degrees of freedom are reported for these tasks. Repeated-measures analysis of variance
with visual field (right versus left), eccentricity (target location: near [4 degrees] versus far
[8 degrees]), and interstimulus fixation period as repeated factors were applied to the data.
No differences were found for right versus left visual fields; hence, they were collapsed
across visual fields. Differences due to target location occurred for the AS task and are
discussed only for that task. Group was considered a between-subjects factor, and planned
comparisons were used. Interstimulus fixation period was analyzed for group-by-factor
interactions on latency and proportion of errors. The main group analysis compared controls
with all the children with ADHD (ADHD-all). Post hoc analyses of ADHD subtypes
compared children with ADHD-C with those with ADHD-I. For post hoc analyses, age was
used as a covariate because there was a difference in age between the groups (p = .02).
Linear interpolation was used for the few missing data points as has been used before.38 All
tests were two tailed.

RESULTS
Two-Group Comparisons on Each Task

VGS Task—There were no group differences in proportion of errors, F1,57 = 0.013, p = .
910; latency, F1,57 = 0.334, p = .566; or accuracy, F1,57 = 0.534, p = .468 (Table 2).

FIX Task—The ADHD group showed more errors than the controls, F1,54 = 11.50, p = .
001.

AS Task
Proportion of errors: The ADHD group showed more inhibitory errors than the controls,
F1,57 = 7.06, p = .010.

Interstimulus fixation period on AS latency (SRT): There was an interaction between
group and interstimulus fixation period on SRT for correct AS trials, F3,54 = 4.34, p = .008
by Pillai trace, indicating that the control group showed decreased SRT for longer
interstimulus fixation periods, whereas the ADHD group did not (Fig. 1). Post hoc analyses
of SRT as a function of interstimulus fixation period were conducted within each group.
Within the control group, pairwise comparisons (adjusted for multiple comparisons using a
Bonferroni correction) showed a significant difference in SRT at 0.5 second compared with
the SRTs at 2-, 4-, and 6-second periods, all p < .005. Pairwise comparisons of the SRT at
2-, 4-, and 6-second periods showed differences only with the 0.5-second period but no other
differences, all p > .05. Within the ADHD group, pairwise comparisons showed no
differences in SRT between any of the interstimulus fixation periods, all p > .05 (Table 3).

Interstimulus fixation period on AS performance (proportion of errors): There were
main effects of interstimulus fixation period, F3,55 = 2.87, p = .04 by Pillai trace, and group,
F1,57 = 4.39, p = .04, on proportion of errors but no group by interstimulus fixation period
interaction, F3,55 = 2.05, p = .118. Children with ADHD made the same proportion of errors
on the AS regardless of the duration of fixation, whereas the control children improved
performance with increasing fixation times (Fig. 2).
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Location on AS performance (proportion of errors): There was a trend for group by
location interaction on proportion of errors on the AS, F1,57 = 3.91, p = .053. Although all
children showed a higher proportion of errors when targets appeared near as opposed to far,
children with ADHD were more susceptible to this effect, showing an even higher
proportion of errors on near targets compared with the controls.

Accuracy: There were no group differences in accuracy for saccade locations, F1,57 = .235,
p = .630.

MGS Task
Proportion of errors: The ADHD group showed more inhibitory errors (i.e., made a
saccade to the peripheral target before the end of the delay period), F1,57 = 8.25, p = .006.

Delay on MGS latency (SRT): There was a main effect of delay, F1,57 = 14.84, p < .001,
and group, F1,57 = 7.72, p = .007, and a trend for group-bydelay interaction by Pillai trace,
F1,57 = 3.61, p = .063. The long delay resulted in faster SRTs than the short delay; the
control children had faster SRTs than the children with ADHD; and there was a trend for the
control children to show shorter SRT at the long delay compared with the children with
ADHD, whose SRT was only slightly decreased at the long delay (Table 3).

Accuracy: There were no differences between groups in the accuracy of initial or resting
saccades. Both groups improved their accuracy for spatial locations from initial to resting
saccades (Table 2).

ADHD Post Hoc Analyses
Proportion of Errors—For the post hoc comparison of ADHD-C (n = 14) versus ADHD-
I (n = 12), there were no differences between subtypes in the proportion of errors on the FIX
task, F1,22 = 0.045, p = .834; AS task, F1,23 = 0.777, p = .387; or MGS task, F1,23 = 0.625, p
= .437. There was a significant effect of age on performance of the FIX task only, F1,22 =
4.71, p = .041.

Interstimulus Fixation Period—For the subtype comparison, the effect of interstimulus
fixation period on AS latency remained significant by Pillai trace, F3,20 = 8.51, p = .001.
The children with ADHD-C showed a decrease in SRT from the 0.5- to 2-second fixation
period, then showed increased SRT with 4- and 6-second periods (Table 3). The children
with ADHD-I demonstrated SRT that was essentially unchanged at all four periods. Within
the ADHD-C group, pairwise comparisons showed a difference in SRT only between the 2-
and 6-second periods, p = .006. Within the ADHD-I group, pairwise comparisons showed no
differences in SRT between any of the interstimulus fixation periods, all p > .05. All
pairwise comparisons were adjusted for multiple comparisons using a Bonferroni correction.

There were no main effects of interstimulus fixation period, F3,21 = 0.466, p = .709; group,
F1,23 = 0.494, p =.489; age, F1,23 = 1.25, p = .275; or group-by–interstimulus fixation period
interaction, F3,21 = 1.152, p = .351, on AS performance (proportion of errors). The trend for
group-by-location interaction on AS performance did not remain, F1,23 = 1.417, p = .246.

Delay on MGS Latency—There was no main effect of delay, F1,23 = 0.668, p = .422;
age, F1,23 = 0.403, p = .532; or group, F1,23 = 1.56, p = .224. The trend for group-by-delay
interaction on MGS latency did not remain, F1,23 = 0.047, p = .83.
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DISCUSSION
Sensorimotor Function

Similar to other studies,39,40 our study found no differences in overall percent correct,
latency, or accuracy of saccades on the VGS. Impaired performance on the oculomotor tasks
therefore cannot be attributed to sensorimotor impairment but rather is related to cognitive
limitations.

Resistance to Peripheral Distractors
The children with ADHD have increased susceptibility to peripheral distractors. Other
studies using various tasks found greater frequency of intrusive saccades during fixation
periods in children with ADHD.16-18

Response Inhibition
On the AS and MGS tasks, we found response inhibition failures in the children with ADHD
compared with the controls. Our data are consistent with other studies showing response
inhibition deficits on oculomotor tasks in children with ADHD.16,20,41 A study of ADHD
subtype differences in boys using oculomotor tasks found deficits in motor planning and
response inhibition for the ADHD-C subtype but not for ADHD-I.39 Our post hoc analyses
revealed no differences between ADHD-C and ADHD-I subtypes on measures of response
inhibition. Prefrontal regions have been widely implicated in executive function or the
cognitive control of behavior.42 Functional magnetic resonance imaging (fMRI) studies
using different response inhibition paradigms show differences in the ability of the children
with ADHD to activate frontostriatal regions compared with the controls.7,43

Spatial Working Memory
Similar to other studies,20,41,44 our study showed that children with ADHD did not show
spatial working memory deficits on the MGS compared with the controls. Our task required
maintenance of spatial locations but no manipulation of working memory information.
Spatial working memory paradigms that include manipulation of working memory
information have demonstrated differences between those with ADHD and the controls.45

These results suggest that processes supporting working memory maintenance are intact in
ADHD and are distinct from inhibitory control.

Interstimulus Fixation
Children with ADHD did not improve their performance or reaction time on the AS with
increased interstimulus fixation periods. When performing the task correctly, their SRT
remained the same, regardless of the amount of time during the fixation period. This pattern
of results was in contrast with those of the control children, who showed longer SRT at the
shortest (0.5 second) fixation period and shorter SRT when given longer interstimulus
fixation time, starting with the 2-second fixation period. Post hoc analyses showed that the
children with ADHD-C had shorter SRT at the 2-second period and had longer SRT at 6
seconds, whereas the children with ADHD-I had SRT that remained the same regardless of
interstimulus fixation period. These potential subtype differences should be interpreted with
caution, given the different proportions of girls and boys in each subtype group. We found a
trend for a similar pattern of results for SRT as a function of delay on the MGS task in the
controls compared with all the children with ADHD.

The children with ADHD tend to be more slow and variable in their responses on a variety
of reaction time tasks,46,47 which supports an alerting deficit or inability to prepare a
response. One theoretical model of ADHD attributes cognitive and performance deficits in
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ADHD to underactivation or an inability to maintain readiness to respond.48 Behavioral
activation is influenced by interstimulus interval in the children with ADHD, who show
average performance at medium event rates and weakness at slow and fast event rates on
response inhibition tasks such as continuous performance tests and go/no-go tasks.49,50 The
stop task generates the stop signal reaction time, which provides a measure of capacity for
inhibition but is not completely analogous to reaction time after the interstimulus fixation
period. The children are instructed to press a key as quickly as possible in response to a
particular visual stimulus except for a minority of trials when a stop signal occurs. Stop
signal reaction time is generated as a measure of the amount of time needed to stop or
interrupt the response. Numerous studies of the stop task indicate a deficit in response
inhibition for children with ADHD, although there are questions about whether this relates
to low-arousal responding. 1 In our AS task, the interstimulus fixation period is defined as
the delay between the instructional cue (a red fixation cross) and the appearance of the
stimulus. In the oculomotor literature, this period is referred to as a preparatory delay period
or response preparation period. This definition differs from descriptions of response
preparation in other paradigms, in which the stimulus appears and is then followed by a
response preparation period and subsequent response execution. The exact cognitive
processes that are taking place during the interstimulus fixation period are unknown.
However, the differences in performance and reaction time as a function of interstimulus
fixation period in the children with ADHD compared with the controls suggest that they do
not use this time efficiently to prepare a response, consistent with an alerting deficit or
behavioral underactivation.

Functional magnetic resonance imaging studies of oculomotor tasks have investigated the
neural regions associated with the preparatory delay period as distinct from regions
associated with activation from the motor response or eye movement itself.51,52 A study
compared complete AS trials with AS “half trials” consisting only of instructions (i.e.,
provided the cue but no target) to assess the preparatory delay period. Both trial types
resulted in activation in the frontal eye field, supplementary eye field, intraparietal sulcus,
and precuneus, but the half trials also activated the left dorsolateral prefrontal cortex and
anterior cingulate cortex, implicating these regions in response preparation but not response
execution.53 An fMRI study of adults showed greater prestimulus preparatory activity in the
presupplementary motor area during the AS compared with the VGS; greater
presupplementary motor area activity was also critically associated with successful response
inhibition.29 These fMRI studies that show differences in prefrontal and premotor circuits
associated with response inhibition and response preparation on oculomotor tasks suggest
that these regions may also be implicated in ADHD.

Study limitations include small sample size and a small number of correct trials because of
poor performance of the subjects with ADHD. The number of trials for each task was not
increased because of concerns of subject fatigue and subsequent impact on performance.
Another limitation was the predominance of younger male children in our cohort of ADHD-
C children, consistent with prevalence studies. Because of the small number of girls, we are
unable to evaluate sex-related differences in performance, which may be a factor in studies
of motor control. There were no differences in performance of ADHD-C and ADHD-I
subtypes, with the exception of group-by-delay interaction on AS latency, which should be
interpreted with caution, given the differences in sex in the subgroups. The small sample
size may have resulted in an inability to detect subtype differences. Similar to many other
studies, the lack of subtype differences suggests that there may not be significant
neuropsychological differences between subtypes as they are currently defined.
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Conclusions
Our study provides unique contributions to our understanding of ADHD beyond deficits in
response inhibition by elucidating potential differences in response preparation. The AS task
revealed a difference in how the children with ADHD performed the task compared with the
controls, and post hoc analyses suggest a difference between ADHD-C and ADHD-I
subtypes, which warrants replication. Children with ADHD are frequently described as
having off-task behavior and an inability to complete tasks or assignments. Our results
suggest that these difficulties not only are apparent in longer daily activities but also occur
with much shorter time frames, such as AS task trials that last only a few seconds. These
findings highlight the importance of considering the cognitive processing components that
are affected by ADHD in addition to core behavioral symptoms, especially in devising new
treatment strategies. Oculomotor tasks paired with fMRI hold promise for further
investigation of the neural correlates underlying response inhibition and response
preparation differences in ADHD.
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Fig. 1.
Antisaccade latency: group by interstimulus fixation period interaction.
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Fig. 2.
Antisaccade proportion of errors.
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TABLE 2

Oculomotor Task Results

Task Controls ADHD-all p Effect Size (Cohen d)

Visually guided saccade (n = 32) (n = 26)

 Proportion of errors 0.0103 ± 0.015 0.0107 ± 0.014 .910 0.03

 Latency, ms 232.88 ± 38.73 226.99 ± 38.32 .566 −0.16

 Accuracy (degrees of visual angle) 1.28 ± .73 1.16 ± 0.50 .468 −0.19

Fixation (n = 31) (n = 25)

 Proportion of errors 0.11 ± 0.14 0.26 ±0.19 .001 0.90

Antisaccade (n = 33) (n = 26)

 Proportion of errors 0.46 ± 0.21 0.61 ± 0.22 .010 0.70

 Accuracy (degrees of visual angle) 4.39 ± 1.23 4.72 ± 0.94 .260 0.30

Memory-guided saccade (n = 33) (n = 26)

 Proportion of errors 0.26 ± 0.19 0.41 ± 0.22 .006 0.73

 Accuracy

  Initial saccade (degrees of visual angle) 2.62 ± 1.14 2.52 ± 0.87 .713 −0.10

  Resting saccade (degrees of visual angle) 2.25 ± 1.30 2.17 ± 0.79 .780 −0.07

Note: Data (mean values collapsed across all interstimulus fixation or delay periods) were analyzed using t test to determine differences between
groups for proportion of errors for all tasks; latency only for visually guided saccade; and accuracy for spatial locations for visually guided saccade,
antisaccade, and memory-guided saccade. ADHD = attention-deficit/hyperactivity disorder; ADHD-all = all children with ADHD.

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2011 February 28.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOE et al. Page 17

TA
B

LE
 3

La
te

nc
y 

as
 a

 F
un

ct
io

n 
of

 In
te

rs
tim

ul
us

 F
ix

at
io

n 
or

 D
el

ay
 P

er
io

d 
on

 th
e 

A
S 

an
d 

M
G

S 
Ta

sk
s

T
as

k
IS

 F
ix

at
io

n 
Pe

ri
od

 o
r 

D
el

ay
 P

er
io

d,
 s

G
ro

up
s

C
on

tr
ol

sa
 (n

 =
 3

3)
A

D
H

D
-a

lla
 (n

 =
 2

6)
A

D
H

D
-C

b  
(n

 =
 1

4)
A

D
H

D
-I

b  
(n

 =
 1

2)

SR
T

 ±
 S

D
SE

SR
T

 ±
 S

D
SE

SR
T

 ±
 S

D
SE

SR
T

 ±
 S

D
SE

A
S

0.
5

41
1 

± 
86

15
37

7 
± 

34
7

38
1 

± 
30

8
37

2 
± 

40
12

2
36

8 
± 

60
11

36
8 

± 
58

12
34

7 
± 

45
12

39
5 

± 
64

19

4
36

3 
± 

80
14

37
1 

± 
56

11
38

0 
± 

64
17

36
1 

± 
44

13

6
36

1 
± 

57
10

38
7 

± 
54

11
40

6 
± 

56
15

36
2 

± 
42

13

M
G

S
2.

5
58

9 
± 

13
6

24
63

8 
± 

12
4

24
65

7 
± 

13
6

36
61

5 
± 

11
0

32

7.
5

48
5 

± 
13

8
24

60
3 

± 
13

3
26

64
4 

± 
13

9
37

55
4 

± 
11

2
32

N
ot

e:
 A

D
H

D
 =

 a
tte

nt
io

n-
de

fic
it/

hy
pe

ra
ct

iv
ity

 d
is

or
de

r; 
A

D
H

D
-a

ll 
= 

al
l c

hi
ld

re
n 

w
ith

 A
D

H
D

; A
D

H
D

-C
 =

 A
D

H
D

-c
om

bi
ne

d 
ty

pe
; A

D
H

D
-I

 =
 A

D
H

D
-p

re
do

m
in

an
tly

 in
at

te
nt

iv
e 

ty
pe

; A
S 

= 
an

tis
ac

ca
de

; I
S 

=
in

te
rs

tim
ul

us
; M

G
S 

= 
m

em
or

y-
gu

id
ed

 sa
cc

ad
e;

 S
R

T 
= 

sa
cc

ad
ic

 re
ac

tio
n 

tim
e 

(in
 m

ill
is

ec
on

ds
).

a A
S 

ta
sk

: R
ep

ea
te

d-
m

ea
su

re
s a

na
ly

si
s o

f v
ar

ia
nc

e 
w

ith
 IS

 p
er

io
d 

as
 re

pe
at

ed
 fa

ct
or

 a
nd

 g
ro

up
 (c

on
tro

ls
 v

er
su

s A
D

H
D

-a
ll)

 a
s b

et
w

ee
n-

su
bj

ec
ts

 v
ar

ia
bl

e 
sh

ow
ed

 a
 si

gn
ifi

ca
nt

 in
te

ra
ct

io
n 

be
tw

ee
n 

gr
ou

p 
an

d 
IS

pe
rio

d 
on

 S
R

T 
fo

r c
or

re
ct

 A
S 

tri
al

s (
p 

= 
.0

08
). 

Pa
irw

is
e 

co
m

pa
ris

on
s o

f S
R

T 
as

 a
 fu

nc
tio

n 
of

 IS
 p

er
io

d 
w

ith
in

 th
e 

co
nt

ro
l g

ro
up

 sh
ow

ed
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 in

 S
R

T 
at

 0
.5

 se
co

nd
 (i

n 
bo

ld
) c

om
pa

re
d 

w
ith

SR
T 

at
 2

-, 
4-

, a
nd

 6
-s

ec
on

d 
pe

rio
ds

 (p
 <

 .0
05

, a
dj

us
te

d 
fo

r m
ul

tip
le

 c
om

pa
ris

on
s)

; S
R

T 
at

 2
-, 

4-
, a

nd
 6

-s
ec

on
d 

pe
rio

ds
 d

iff
er

ed
 w

ith
 S

R
T 

at
 0

.5
 se

co
nd

 b
ut

 n
ot

 o
th

er
s (

al
l p

 >
 .0

5)
. W

ith
in

 th
e 

A
D

H
D

-a
ll

gr
ou

p,
 p

ai
rw

is
e 

co
m

pa
ris

on
s s

ho
w

ed
 n

o 
di

ff
er

en
ce

s i
n 

SR
T 

be
tw

ee
n 

an
y 

IS
 p

er
io

ds
 (a

ll 
p 

> 
.0

5)
. M

G
S 

ta
sk

: R
ep

ea
te

d-
m

ea
su

re
s a

na
ly

si
s o

f v
ar

ia
nc

e 
w

ith
 d

el
ay

 a
s r

ep
ea

te
d 

fa
ct

or
 a

nd
 g

ro
up

 (c
on

tro
ls

 v
er

su
s

A
D

H
D

-a
ll)

 a
s b

et
w

ee
n-

su
bj

ec
ts

 v
ar

ia
bl

e 
sh

ow
ed

 m
ai

n 
ef

fe
ct

s o
f d

el
ay

 (p
 <

 .0
01

) a
nd

 g
ro

up
 (p

 =
 .0

07
) a

nd
 tr

en
d 

fo
r g

ro
up

-b
y-

de
la

y 
in

te
ra

ct
io

n 
(p

 =
 .0

63
) o

n 
SR

Ts
 (b

ol
d)

 o
n 

co
rr

ec
t M

G
S 

tri
al

s.

b A
S 

ta
sk

: R
ep

ea
te

d-
m

ea
su

re
s a

na
ly

si
s o

f v
ar

ia
nc

e 
w

ith
 IS

 p
er

io
d 

as
 re

pe
at

ed
 fa

ct
or

 a
nd

 g
ro

up
 (A

D
H

D
-C

 v
er

su
s A

D
H

D
-I

) a
s b

et
w

ee
n-

su
bj

ec
ts

 fa
ct

or
 sh

ow
ed

 si
gn

ifi
ca

nt
 in

te
ra

ct
io

n 
be

tw
ee

n 
su

bt
yp

e 
an

d 
IS

pe
rio

d 
on

 S
R

T 
fo

r c
or

re
ct

 A
S 

tri
al

s (
p 

= 
.0

01
). 

Pa
irw

is
e 

co
m

pa
ris

on
s w

ith
in

 su
bt

yp
e 

sh
ow

ed
 d

iff
er

en
ce

 in
 S

R
T 

on
ly

 b
et

w
ee

n 
2-

 a
nd

 6
-s

ec
on

d 
pe

rio
ds

 (i
n 

bo
ld

) f
or

 th
e 

A
D

H
D

-C
 g

ro
up

 (p
 =

 .0
06

); 
w

ith
in

 th
e

A
D

H
D

-I
 g

ro
up

, t
he

re
 w

er
e 

no
 d

iff
er

en
ce

s i
n 

SR
T 

fo
r a

ny
 IS

 c
om

pa
ris

on
s (

al
l p

 >
 .0

5)
. M

G
S 

ta
sk

: F
or

 th
e 

su
bt

yp
e 

co
m

pa
ris

on
, t

he
re

 w
er

e 
no

 m
ai

n 
ef

fe
ct

s o
r t

re
nd

 fo
r g

ro
up

-b
y-

de
la

y 
in

te
ra

ct
io

n 
(a

ll 
p 

> 
.0

5)
on

 th
e 

M
G

S 
ta

sk
.

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2011 February 28.


