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Temporal expectation is the ability to predict the timing 
of events on the basis of their temporal regularities 
(Nobre & Rohenkohl, 2014). Behavioral studies show that 
increased temporal uncertainty regarding target onset  
is correlated with reduced performance, as indicated by 
slower reaction times (RTs) and lower accuracy rates (Cravo, 
Rohenkohl, Wyart, & Nobre, 2013; Jepma, Wagenmakers, & 
Nieuwenhuis, 2012). However, these conventional behav-
ioral measurements are available only after the predicted 
events have already occurred. Consequently, anticipatory 
processes, which by definition occur prior to target onset, 
are typically measured retrospectively and indirectly. Eye 
movements, in contrast, are an ongoing behavior that 
may be modulated at any time relative to the stimulus 
and can therefore index anticipatory processes.

Some studies have linked small fixational saccades, 
called microsaccades, to prestimulus anticipation (Betta 

& Turatto, 2006; Fried et al., 2014; Hafed, Lovejoy, & 
Krauzlis, 2011). Microsaccades occur frequently (1–3 Hz) 
and involuntarily during fixation (Martinez-Conde, Otero-
Millan, & Macknik, 2013; Rolfs, Kliegl, & Engbert, 2008) 
and are inhibited prior to a predictable target that requires 
a manual response. This inhibition correlates with im- 
proved task performance (Betta & Turatto, 2006). Fur-
thermore, nonhuman primates’ microsaccades are contin - 
uously suppressed when stimuli are presented at variable 
interstimulus intervals (ISIs) starting from the earliest 
possible target time, which indicates anticipation of the 
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Abstract
Knowing when to expect important events to occur is critical for preparing context-appropriate behavior. However, 
anticipation is inherently complicated to assess because conventional measurements of behavior, such as accuracy and 
reaction time, are available only after the predicted event has occurred. Anticipatory processes, which occur prior to 
target onset, are typically measured only retrospectively by these methods. In this study, we utilized a novel approach 
for assessing temporal expectations through the dynamics of prestimulus saccades. Results showed that saccades 
of neurotypical participants were inhibited prior to the onset of stimuli that appeared at predictable compared with 
less predictable times. No such inhibition was found in most participants with attention-deficit/hyperactivity disorder 
(ADHD), and particularly not in those who experienced difficulties in sustaining attention over time. These findings 
suggest that individuals with ADHD, especially those with sustained-attention deficits, have diminished ability to 
benefit from temporal predictability, and this could account for some of their context-inappropriate behaviors.
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upcoming stimulus (Hafed et al., 2011). Finally, the inhi-
bition of microsaccades following the presentation of a 
visual stimulus starts earlier when the stimulus is antici-
pated than when it is not anticipated (Laubrock, Engbert, 
& Kliegl, 2008). However, preparatory prestimulus sac-
cades and microsaccades have not yet been examined in 
human or nonhuman primates by directly manipulating 
the temporal uncertainty of the stimulus.

The first aim of this study was to examine whether 
prestimulus saccadic inhibition (PSSI) could be used as 
an index for prestimulus anticipatory processes. By 
manipulating temporal uncertainty, we tested the hypoth-
esis that PSSI would be larger (more inhibition) for pre-
dictable stimuli than for unpredictable stimuli. The 
second aim was to establish the use of PSSI as an index 
for measuring temporal expectation in atypical popula-
tions, specifically in individuals with attention-deficit/
hyperactivity disorder (ADHD). ADHD is a common neu-
rodevelopmental disorder characterized by inappropriate 
levels of inattention, hyperactivity, and impulsivity. Indi-
viduals with ADHD suffer, among other impairments, 
from deficits in time perception and temporal predict-
ability (Noreika, Falter, & Rubia, 2013). It has been sug-
gested that disruptive behaviors in inappropriate contexts, 
common in ADHD, may be related to an impaired ability 
to predict temporal cues and adjust behavior accordingly. 
A study using functional MRI and behavioral measure-
ments suggested that the ability to adapt behavior accord-
ing to temporal expectations is compromised in ADHD 
(Durston et al., 2007), but this study measured behavior 
using conventional methods only after the stimulus had 
already been presented. The ability of individuals with 
ADHD to form temporal expectations and modulate 
behavior accordingly prior to predictable events has not 
yet been directly assessed.

Here, we directly examined anticipatory behavior by 
measuring PSSI in order to assess temporal expectations 
(or lack thereof) in observers with ADHD compared with 
neurotypical observers. These two groups performed a 
go/no-go task with low target probability and either fixed 
or variable ISIs. We hypothesized that (a) in the general 
population, saccades and microsaccades are inhibited 
more prior to the onset of a stimulus that appeared at a 
predictable time than to the onset of a stimulus that 
appeared less predictably; (b) this predictability effect 
would be attenuated or even absent in individuals with 
ADHD, which would reflect an impairment in forming or 
acting on temporal expectations; and (c) the lack of a 
predictability effect in individuals with ADHD is related 
to the common impairment among such individuals to 
sustain attention over time. We found that individuals 
with ADHD who exhibited good sustained attention 
showed an increased PSSI-predictability effect, relative to 
individuals with ADHD who demonstrated poor sus-
tained attention.

Method

Participants

Using a power analysis and a .05 criterion of significance, 
we estimated that 18 participants would be required in 
each of the two groups to yield 85% power to detect a 
difference in effect size (Cohen’s d ) of 1.0 between the 
groups. We based our estimation of the PSSI in neurotypi-
cal participants (estimated M = 1.0 saccade/s, estimated 
SD = 0.5) on the saccade-rate difference between the 
baseline and inhibition periods reported in previous pub-
lications (Fried et al., 2014). Thus, we collected data from 
40 participants. The ADHD group contained 20 partici-
pants (11 females, 9 males; 18 right-handed; mean age = 
25 years, SD = 3.7), and the neurotypical group contained 
20 age-matched participants (10 females, 10 males; 17 
right-handed; mean age = 23.4 years, SD = 2.9). The mean 
age of both groups did not differ significantly, t(36) = 
1.445, p = .157. The data of 1 participant with ADHD were 
excluded from the analysis because she did not complete 
the experimental session.

All participants were healthy and had normal or 
corrected-to-normal vision. Participants were included in 
the control group only if they reported not being diag-
nosed with ADHD or any other neuropsychological con-
dition. Participants with ADHD were included in the 
study only if they had been previously diagnosed by a 
qualified psychiatrist or neurologist on the basis of crite-
ria set forth in the fourth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV; Ameri-
can Psychological Association, 1994) and were not diag-
nosed with any other neurological disorders. They were 
asked to refrain from taking any ADHD-related medica-
tion for 24 hr prior to the testing sessions. The Tel Aviv 
University Ethics Committee approved the experimental 
protocol, and the experimental sessions were conducted 
with the written consent of each participant. Participants 
in both groups received payment or course credit.

Stimuli

There were 16 stimuli created by combining four basic 
shapes (square, circle, triangle, and star) with four colors 
(red, blue, green, and yellow). The red square was 
defined as the target (Fig. 1). The stimuli were presented 
at the center of the screen, and their average size was 
2.25° × 2.35° of visual angle.

Procedure

Participants were seated in a dimly lit room at a distance 
of 67 cm from the display screen, with their head resting 
on a head rest. The procedure was based on the Visual 
Conjunctive Continuous Performance Task (CCPT-V), 
which assesses sustained attention (Shalev, Ben-Simon, 
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Mevorach, Cohen, & Tsal, 2011; Tsal, Shalev, & Mevorach, 
2005; Fig. 1). The conventional CCPT-V consists of a con-
tinuous stream of stimuli with variable interstimulus 
intervals (ISIs) between each one. In the current design, 
we added a condition with a fixed ISI. Each experimental 
trial consisted of a 100-ms presentation of a stimulus fol-
lowed by either a variable ISI (1,000, 1,500, 2,000, or 
2,500 ms, randomly sampled with equal probabilities) or 
a fixed ISI (2,000 ms). Although an ISI of random duration 
would have resulted in greater temporal uncertainty than 
using four ISIs of specific duration, we chose the latter  
for two reasons. First, using the conventional CCPT-V,  
which contains four variable intervals, enabled us to esti-
mate sustained-attention performance on the basis of 
prior findings (Shalev et al., 2011). Second, to eliminate 
possible intertrial effects on PSSI, we included a comple-
mentary analysis on only trials in which the variable 
interval was equal to the fixed interval (see The Effect of 
Interval Duration). This would have been impossible if 
we had used random ISIs.

Participants were asked to respond as quickly as pos-
sible by pressing a key on the keyboard when the target 
(a red square) appeared (at a 25% probability) and to 

withhold response to any other stimulus. Previous stud-
ies have shown that participants with ADHD have diffi-
culties complying with a fixation task (Gould, Bastain, 
Israel, Hommer, & Castellanos, 2001) and show excessive 
saccadic intrusions when instructed to fixate (Munoz, 
Armstrong, Hampton, & Moore, 2003). Therefore, in this 
study, we gave no explicit instruction regarding eye posi-
tion. Note that participants were not informed of the 
manipulation of fixed versus variable ISIs.

The experiment was administered in two sessions on 
different days, each with two blocks of 320 trials each. 
Sessions were preceded by 15 practice trials on both 
days. Participants completed two blocks of one ISI condi-
tion (variable or fixed) at the first session and two blocks 
of the other ISI condition at the following session (the 
order of sessions was counterbalanced across partici-
pants). Thus there were a total of 640 trials per ISI condi-
tion, including 480 nontarget trials. A break lasting 
approximately 10 min was given between the two blocks 
in each session, and eye calibration was performed at the 
beginning of each block. Auditory feedback was given 
after errors (misses and false alarms) in the practice trials. 
No feedback was given in the main experiment.

100 ms 

Variable ISI (1,000, 1,500,
2,000, or 2,500 ms) 

or
Fixed ISI (2,000 ms)

Target (100 ms)

Time

Fig. 1. Trial procedure. A stream of consecutive geometrical objects was presented, with 
either fixed or variable interstimulus intervals (ISIs) between each one. Participants had to 
press a key when they saw the target: a red square that appeared with a 25% probability.
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Questionnaire

Participants were given the Hebrew version of the adult 
ADHD Self-Report Scale (ASRS; Kessler et al., 2005; Zohar 
& Konfortes, 2010), which contains 18 items that relate 
directly to the ADHD diagnostic criteria in the DSM. Par-
ticipants are asked to rate (from 1, not at all, to 5, to a 
large extent) whether these 18 statements characterize 
them. The Hebrew ASRS was chosen because of its excel-
lent test-retest reliability and because of its discriminative 
validity when comparing individuals with and without 
ADHD (Zohar & Konfortes, 2010). We summarized 
responses on all questions and confirmed that the ADHD 
participants reported elevated levels of ADHD symptoms 
(M = 57.2, SD = 10.1) compared with neurotypical partici-
pants (M = 40.5, SD = 4.7), t(37) = 6.66, p < 10−7.

Behavioral analysis

Accuracy and RTs (on trials with correct responses) were 
measured. Trials with RTs greater than or equal to 3 stan-
dard deviations from each individual participant’s mean 
were excluded from the analysis; no more than 0.9% of 
trials (6 trials) were excluded per participant, and the 
number did not differ significantly between ADHD and 
neurotypical participants, t(37) = 0.17, p = .25. We used 
geometric-mean RTs and geometric-standard-deviation 
RTs for statistical analysis because, typically, RTs are not 
normally distributed and follow a log-normal distribution 
(Kingdom & Prins, 2010). Geometric means and geomet-
ric standard deviations are measures of log-normal cen-
tral tendency and dispersion. These measures can be 
used on log-normal-distributed populations, analogously 
to arithmetic means and standard deviations, to find the 
boundaries of confidence intervals and to test hypothe-
ses (Kirkwood, 1979).

Sustained-attention performance was estimated using 
the CCPT-V. For sustained-attention estimation, we used 
only the variable-ISI condition, which matched the origi-
nal CCPT-V. Including variable ISIs to estimate sustained-
attention performance is critical to rule out the possible 
confounding influence of preparatory processes that may 
occur when the onset of the stimulus is fixed (Shalev 
et al., 2011). We estimated sustained-attention performance 
on the basis of previous studies using a normalized 
standard-deviation measurement called the intraindivid-
ual coefficient of variation (ICV; Stuss, Murphy, Binns, & 
Alexander, 2003). For each participant, the ICV was cal - 
culated by dividing his or her intraindividual standard-
deviation RT by his or her arithmetic-mean RT. In this 
case, we used arithmetic-mean and not geometric-mean 
RT because this index was used to assess sustained atten-
tion per participant and not as a dependent variable in 
statistical tests. Lower values on this sustained-attention 
index indicated better performance, and higher values 

indicated poorer performance. Notably, the sustained-
attention index was calculated exclusively using target 
trials, whereas saccade measurements (see the next sec-
tion) were all acquired from nontarget trials. Using differ-
ent trials for the two analyses was critical to avoid circular 
argumentation.

Eye tracking

Eye movements were monitored binocularly using a 
remote infrared video-oculographic system (EyeLink 
1000 Plus, SR Research, Ontario, Canada) with a sam-
pling rate of 1000 Hz, spatial resolution less than 0.01°, 
and 0.25 to 0.50° average accuracy when using a head 
rest, as reported by the manufacturer. Raw gaze positions 
were converted into degrees of visual angle using the 
9-point-grid calibration, which was performed at the start 
of each experimental block.

Gaze-position data were segmented into epochs from 
–2,000 to 500 ms relative to the onset of nontarget stim-
uli. Blink intervals were identified in these segments 
according to the EyeLink blink-detection algorithm, along 
with samples from 200 ms preceding to 200 ms following 
each blink. Blink intervals were removed from the data 
and interpolated using a shape-preserving piecewise 
cubic Hermite interpolating polynomial function prior to 
saccade detection. Examining this interpolation proce-
dure with a simulated signal reveals that interpolation 
reduces the signal’s variance by 2%. This would result in 
a slightly lower threshold for saccade detection, the prac-
tical implications of which are negligible. Saccades were 
detected using an established algorithm (Engbert & 
Kliegl, 2003) that compares eye-movement velocity with 
a threshold criterion set individually for each trial. The 
threshold was determined on the basis of the 2-D (hori-
zontal and vertical) eye-movement velocity during the 
trial segment. We set the threshold to be 4 times the stan-
dard deviation of the 2-D eye-movement velocity, using a 
median-based estimate of the standard deviation (Engbert 
& Kliegl, 2003). A saccade was identified when the eye-
movement velocity exceeded this threshold for 7 ms (seven 
consecutive eye-position samples). We also imposed a 
minimum intersaccadic interval (defined as the interval 
between the last sample of one saccade and the first sam-
ple of the next saccade) of 50 ms so that potential over-
shoot corrections were not considered new saccades. For 
most analyses (except when examining the distribution 
of saccade sizes), we included both saccades and micro-
saccades, and we excluded only saccades larger than the 
stimulus borders (> 3°).

To avoid the influence of nonocular motor prepara-
tion, we did not include target trials in eye movement 
analyses. Trials with the shortest ISI of 1,000 ms were 
included in the procedure to enhance observers’ uncer-
tainty regarding the time of stimulus onset and to match 
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the original CCPT-V, but they were not included in the 
analysis because they were too recent relative to the ana-
lyzed stimulus to exclude the influence of poststimulus 
saccade dynamics. After removing trials with an ISI of 
1,000, 360 nontarget trials remained in the variable-ISI 
condition. For each observer, the number of trials in the 
fixed-ISI condition (480 trials) was matched to the num-
ber of trials in the variable-ISI condition (360 trials) by 
randomly selecting a subset of 360 trials for analysis.

Blinks were already removed and interpolated before 
saccade detection. But given that a saccade cannot occur 
whenever there is a blink, excessive blinks could have 
indirectly affected saccade rate even after they were inter-
polated. We took the precautionary step of excluding 
every trial in which a blink interval (along with 200 ms  
around the blink start and end times) overlapped with 
the analyzed time range of −100 to 0 ms, or in which a 
saccade larger than 3° occurred at that interval. This 
resulted in the exclusion of 0 to 20% (M = 5.6%, SD = 6.8) 
of the variable-ISI trials and 0 to 25% (M = 4%, SD = 5) of 
the fixed-ISI trials across participants. All analyses des-
cribed in the Results section were repeated after excl-
uding trials in which blinks or large saccades occurred 
within a longer time range of −1,000 to 200 ms relative to 
stimulus onset. This strict exclusion procedure resulted in 
more rejected trials (variable ISI: M = 31%, SD = 21; fixed 
ISI: M = 25%, SD = 19) but led to the same qualitative and 
statistical findings. Trial exclusions were applied only on 
the eye-tracking analysis, and behavior was analyzed on 
all trials, except RT outliers, as described in the Behav-
ioral Analysis section.

Saccade rate was calculated for all trial segments for 
each participant, separately for the two ISI conditions. 
Saccade rate per second was calculated per time point by 
summing the number of saccade occurrences for each 
time point, dividing that measurement by the number of 
analyzed trials, and multiplying this value by the sam-
pling rate (1000 Hz). These values were then smoothed 
across time with a sliding window of 50 ms to create the 
saccade-rate time course.

The dependent variable in most analyses was the 
mean saccade rate at –100 to 0 ms relative to stimulus 
onset (PSSI interval). Given that data were analyzed with 
a sliding window, saccades that occurred up to 25 ms 
after stimulus onset were included in the analysis. Con-
sidering the time it takes to process a visual stimulus and 
then prepare and execute a motor response, saccades 
that occur up to 25 ms after stimulus onset are guaran-
teed to be unrelated to the perception of the stimulus. 
The PSSI-predictability effect was calculated by subtract-
ing the mean saccade rate in the PSSI interval in the 
fixed-ISI condition from that in the variable-ISI condi-
tion. These analyses were based on 2 × 2 mixed-design 
analyses of variance (ANOVAs) and follow-up Student’s t 
tests.

Results

Behavior
Mean accuracy was very high: In the neurotypical group, the 
hit rate was 99.7% (SEM = 0.5), the correct rejection rate was 
99.6% (SEM = 0.3), the false alarm rate was 0.3% (SEM = 0.5), 
and the miss rate was 0.4% (SEM = 0.3), whereas in the 
ADHD group, the hit rate was 96.7% (SEM = 4), the correct 
rejection rate was 98.9% (SEM = 0.8), the false alarm rate was 
1.1% (SEM = 0.8), and the miss rate was 3.3% (SEM = 4).

Two 2 × 2 mixed-design ANOVAs were conducted 
with ISI (fixed, variable) as a within-subjects factor and 
group (ADHD, neurotypical) as a between-subjects fac-
tor. Two dependent variables were entered: geometric-
mean RT and geometric-standard-deviation RT (see 
Fig. 2). For geometric-mean RT, neither the main effect of 
ISI (F < 1) nor the effect of group, F(1, 37) = 1.5, p = .23, 
were significant, despite slower RTs for the ADHD group 
(M = 471 ms, SD = 83, 95% confidence interval, or CI = 
[431, 511]) than for the neurotypical group (M = 438 ms, 
SD = 83, 95% CI = [399, 477]). However, the interaction of 
ISI and group was significant, F(1, 37) = 7.57, p = .009,  
ηp

2 = .17. Specifically, predictability speeded responses in 
the neurotypical group, t(19) = 4.13, p < .001, 95% CI for 
the geometric-mean RT difference between ISI condi-
tions = [14.18, 43.34], but not in the ADHD group, t(18) = 
1.26, p = .22, 95% CI for the geometric-mean RT differ-
ence between ISI conditions = [−58.55, 14.69] (Fig. 2). 
Finding a behavioral-predictability gain in the neurotypi-
cal group is consistent with previous studies showing 
gains in performance for predictable versus nonpredict-
able targets in neurotypical populations ( Jepma et al., 
2012). Finding no gain in performance in the ADHD 
group for targets that appeared at a predictable interval is 
consistent with findings showing impaired timing abilities 
in individuals with ADHD (Durston et al., 2007; Noreika 
et al., 2013; Rubia, Halari, Christakou, & Taylor, 2009).

Predictability did not modulate the geometric-standard-
deviation RT, as indicated by a nonsignificant main effect 
of ISI (F < 1). However, geometric-standard-deviation RT 
was modulated by group: Participants with ADHD had 
larger geometric-standard-deviation RTs (M = 1.2, SD = 
0.05) than the neurotypical participants (M = 1.15, SD = 
0.06), F(1, 37) = 6.26, p = .017, ηp

2 = .15. There was no 
significant interaction between group and ISI (F < 1).

In line with previous findings (Bidwell, Willcutt, 
DeFries, & Pennington, 2007; Gómez-Guerrero et al., 
2011; Lee et al., 2015), our results revealed that ADHD 
participants showed a significantly higher intrasubject 
variability of RT than neurotypical participants. Stimulus 
predictability modulated performance in the neurotypical 
group but not in the ADHD group: Performance of the 
neurotypical group gained from predictability, as evi-
denced by their faster RTs on fixed- than variable-ISI tri-
als, whereas performance of the ADHD group did not.
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Saccade sizes

To evaluate the distribution of saccade sizes in the two 
groups, we conducted a two-way ANOVA with the fac-
tors group (ADHD, neurotypical) and saccade size (0–1°, 
1° and greater). The dependent variable was the mean 
saccade rate per second in the time window from –100 to 
0 ms relative to stimulus onset. For this analysis, we 
included all saccades and not only those smaller than 3°, 
as in the rest of the analyses. There was a significant two-
way interaction of group and saccade size. To interpret 
this interaction, we performed two independent-samples 
t tests to compare the two groups separately for each bin. 
There were more microsaccades (0–1°) for neurotypical 
than for ADHD participants, t(37) = 3.42, p = .002, equal 
variances assumed, 95% CI for the mean difference = 
[−0.69, −0.18], Cohen’s d = 1.12 (Fig. 3), and more larger 
saccades (> 1°) for ADHD than for neurotypical partici-
pants, t(37) = 2.18, p = .037, 95% CI for the mean differ-
ence = [0.01, 0.33], Cohen’s d = 0.72, equal variances 
not assumed. This is in contrast to a previous study 
using fixed ISIs, which showed that shortly before stim-
ulus onset, ADHD observers produce a higher micro-
saccade rate than neurotypical observers (Fried et al., 
2014).

Conducting planned contrasts between microsaccades 
and larger saccades on the two groups separately, we 
found that there were significantly more microsaccades 
(0–1°) than saccades of any other size for both ADHD 
participants, F(1, 18) = 78.0, p < .001, and neurotypical 
participants, F(1, 19) = 207.0, p < .001.

PSSI

The dependent variable for the PSSI analyses was the 
mean rate of saccades (regardless of size) in the time 
window from −100 to 0 ms. Specifically, we examined the 
PSSI-predictability effect: the difference between the 
PSSIs in the variable- and the fixed-ISI conditions. The 
significant correlation in the PSSI between the odd and 
even trials across participants (r = .71, p < .001) indicates 
the test-retest reliability of this index (Fig. S1 in the Sup-
plemental Material available online depicts these results).

ADHD versus neurotypical groups. A 2 × 2 mixed-
design ANOVA was conducted with ISI (fixed, variable) 
as a within-subjects factor and group (ADHD, neurotypi-
cal) as a between-subjects factor. The dependent variable 
was the mean rate of saccades in the time window from 
−100 to 0 ms relative to the onset of nontarget stimuli. To 
examine the hypothesis regarding prestimulus anticipa-
tion, we chose the time range for analysis prior to stimu-
lus onset. To avoid the influence of the previous stimulus, 
we chose to analyze the latest possible short prestimulus 
time range. This was important because the effects of  
the previous stimulus could vary between trials in the 
variable-ISI condition but not in the fixed-ISI condition.

There was a significant ISI × Group interaction, F(1, 
37) = 4.76, p = .036, ηp

2 = .11, which stemmed from more 
saccades in the neurotypical group for the variable-ISI 
condition (M = 1.6 saccades/s, SD = 0.57) than for the 
fixed-ISI condition (M = 1.1 saccade/s, SD = 0.48), t(19) = 
5.73, p < .001, 95% CI for the mean difference = [0.29, 
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0.63], Cohen’s d = 1.28; in contrast, there was no signifi-
cant difference between conditions in the ADHD group 
(variable ISI: M = 1.1 saccade/s, SD = 0.49; fixed ISI: M = 
1.0 saccade/s, SD = 0.46), t(18) = 1.15, p > .25, 95% CI for 
the mean difference = [−0.12, 0.40] (Fig. 4a).

Good versus poor sustained attention. Lack of sus-
tained attention is one of the core deficits in ADHD. We 
hypothesized that sustained attention is a fundamental 
factor for forming temporal expectations. Many individu-
als diagnosed with ADHD show impairments in tasks 
involving sustained attention, but notably, some do not 
(Tsal et al., 2005). We assessed sustained-attention abili-
ties on the basis of performance in the variable-ISI condi-
tion of the CCPT-V (using a normalized variant of the 
index used in previous studies) and divided participants 
into good and poor sustained-attention performers using 
a median split. Thirteen out of the 19 participants from the 
ADHD group were classified as poor sustained-attention 
performers, and 6 were classified as good sustained-
attention performers. Thirteen out of the 20 neurotypical 
participants were classified as good sustained-attention 
performers, and 7 were classified as poor sustained-attention 
performers. A chi-square test of independence was per-
formed to examine the relation between ADHD diagnosis 
and sustained-attention-group classification. The result 
was significant, χ2(1, N = 39) = 4.36, p = .037, which indi-
cates that participants with ADHD were classified more 
often than neurotypical participants as having poor sus-
tained attention.

A 2 × 2 mixed-design ANOVA was conducted with ISI 
(fixed, variable) as a within-subjects factor and sustained-
attention classification (poor, good) as a between-subjects 
factor. The dependent variable was the mean rate of  
saccades in the time window from −100 to 0 ms relative 
to the onset of nontarget stimuli. There was a significant 
ISI × Classification interaction, F(1, 37) = 18.49, p < .001, 
ηp

2 = .33. In the group with good sustained attention, 
there were more saccades in the variable-ISI condition 
(M = 1.61 saccade/s, SD = 0.49) than in the fixed-ISI con-
dition (M = 1.03 saccade/s, SD = 0.44), t(18) = 5.57, p < 
.001, 95% CI for the mean difference = [0.38, 0.80], 
Cohen’s d = 1.27, but there was no significant difference 
between ISI conditions in the group with poor sustained 
attention (variable ISI: M = 1.11 saccade/s, SD = 0.56; 
fixed ISI: M = 1.07 saccade/s, SD = 0.51), t(19) = 0.55,  
p > .25, 95% CI for the mean difference = [−0.11, 0.19] 
(Fig. 4b). A significant main effect of ISI indicated that 
there were overall more saccades in the variable-ISI than 
the fixed-ISI condition, F(1, 37) = 24.3, p < .001, ηp

2 = .4. 
There was no significant main effect of classification, F(1, 
37) = 2.47, p = .12.

We performed the same analysis separately on the two 
classification groups. Two separate 2 × 2 mixed-design 
ANOVAs were conducted with ISI (fixed, variable) as a 
within-subjects factor and sustained-attention classifica-
tion (poor, good) as a between-subjects factor. For the 
ADHD group, there was a significant interaction of clas-
sification and ISI, F(1, 17) = 8.63, p = .009, ηp

2 = .34. The 
PSSI-predictability effect was significantly larger for the 
good than for the poor sustained-attention performers, 
t(17) = 2.94, p = .009, 95% CI for the mean difference = 
[0.17, 1.05]. For the neurotypical group, there was no sig-
nificant interaction of ISI and classification, F(1, 18) = 
1.42, p = .25. These results are depicted in Figure 5.

Further support for the relation between sustained-
attention performance and the PSSI-predictability effect 
was the significant correlation between the estimate of 
sustained attention (the normalized standard deviation 
RT in the variable-ISI condition multiplied by −1 so that 
higher scores would reflect better sustained-attention 
performance) and the PSSI-predictability effect: Higher 
normalized standard deviation RT (i.e., poorer sustained-
attention performance) was found for participants who 
showed a smaller PSSI-predictability effect (r = .43, p = 
.006; Fig. 6). When we removed three outliers (> 2 SD 
from the mean for x or y values, marked in Fig. 6), the 
correlation became slightly stronger (r = .49, p = .002).

Comparing grouping by ADHD diagnosis and group-
ing by sustained-attention performance. Grouping by 
sustained-attention performance and by ADHD diagnosis 
overlapped to a certain extent (6 observers, or ~1/3, switched 
groups following the median split). We used hierarchical 
multiple regression to examine the relative contribution of 
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each of these groupings and their interaction as predictors 
of the PSSI-predictability effect. Three regression models 
were compared. The first model included only one pre-
dictor of binary ADHD diagnosis. In the second model, 
we added binary sustained-attention-performance (based 
on the median split) as a second predictor. The third 
model included both ADHD diagnosis and sustained-
attention performance as well as the interaction between 
them. The dependent variable was the PSSI-predictability 
effect.

The first model (R2 = .11, p < .001), the second model 
(R2 = .36, p < .001), and the third model (R2 = .39, p < 
.001) were significant. The second model significantly 
improved the fit of the first model (ΔR2 = .24, Δp < .001). 
The third model did not significantly improve the fit  
of the second model (ΔR2 = .03, Δp = .19). When the 
hierarchical regression was performed in the opposite 
order—first only sustained-attention performance, then 
sustained-attention performance and ADHD diagnosis, 
and last the full model with the interaction—all three 
models were significant (first model: R2 = .33, p < .0005; 
second and third models: unchanged from the original 
values), but the fit of the second model was not signifi-
cantly better than the fit of the first (ΔR2 = .02, p > .25). 

These results indicate that grouping by the sustained-
attention index is a better predictor of the PSSI-predict-
ability effect than grouping by ADHD diagnosis, which is 
consistent with the effect size of the ISI × Sustained-
Attention Classification interaction being three times 
larger when using this grouping (grouping by diagnosis: 
ηp

2 = .11; grouping by sustained-attention performance: 
ηp

2 = .33).

Predictability effect: PSSI and behavior. Both mean 
RT and the PSSI-predictability effect showed gains from 
the predictability of the stimulus in the neurotypical 
group but not in the ADHD group. However, the correla-
tion across all participants between the predictability 
effects produced by these two measurements was not 
significant (r = .23, p = .15). This null result could be 
interpreted to reflect no effect; however, it could suggest 
that these two measurements are not redundant and 
reflect processes that are at least partially independent.

The effect of interval duration. Whereas intervals in 
the fixed-ISI condition were 2,000 ms, ISIs in the ana-
lyzed variable-ISI trials alternated among 1,500, 2,000, and 
2,500 ms. This difference is unlikely to be responsible  
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Inhibition of Saccades and Temporal Expectations 9

for the observed effects reported previously, because  
the measured PSSI interval started 1,400 ms after the  
previous stimulus, a period of time long enough for sac-
cade rate to return to baseline. To avoid any lingering 
doubts, we performed the main analysis again, this time 
including data only from the 2,000-ms intervals. The 
reduced number of trials resulted in an analysis with less 
statistical power, but nevertheless it revealed similar 
results (Fig. 7).

A 2 × 2 mixed-design ANOVA with ISI (variable, fixed) 
and group (neurotypical, ADHD) revealed no Group × 
ISI interaction, F(1, 37) = 1.8, p = .19, ηp

2 = .095, but this 
was probably because of the reduced power of this 

analysis, as the pattern of results was similar to that in the 
previous analysis. When analyzing the two groups sepa-
rately, we found a significant effect of ISI in the neuro-
typical group, t(19) = 3.19, p = .005, 95% CI for the mean 
difference between ISI conditions = [0.12, 0.59], Cohen’s 
d = 0.71, but not in the ADHD group, t(18) = 0.55, p > 
.25, 95% CI for the mean difference between ISI condi-
tions = [−0.26, 0.44]. Grouping by sustained-attention 
performance showed similar effects as in the previous 
analysis. The interaction of Sustained-Attention Classifi-
cation × ISI was significant, F(1, 37) = 5.39, p = .026,  
ηp

2 = .13. For poor sustained-attention performers, there 
was no difference between the ISI conditions, t(19) = 0.1, 
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p = .92, 95% CI for the mean difference = [−0.24, 0.27], 
but good sustained-attention performers showed a sig-
nificant difference, t(18) = 3.12, p = .006, 95% CI for the 
mean difference = [0.150, 0.760], Cohen’s d = 0.71 (Fig. S2 

in the Supplemental Material depicts the PSSI-predictabil-
ity effect for the intervals other than 2,000 ms).

The separate analysis of the 2,000-ms intervals was 
also useful for examining the dynamics of the observed 
effect over time. Because of the differences in ISIs 
between conditions when all intervals were included, it 
was impossible to compare the saccade rate of the two 
ISI conditions during early timings, which were still 
affected by the previous stimulus. Consequently, the 
main analysis was limited to the short time range of −100 
to 0 ms relative to stimulus onset. However, by including 
only the 2,000-ms intervals, it was possible to control for 
the influence of the previous stimulus, albeit compromis-
ing the signal-to-noise ratio.

The temporal dynamics of the predictability effect 
were tested by dividing the time window from –1,000 to 
0 ms relative to stimulus onset into 10 intervals of 100 ms 
each (Fig. 8). The dependent variable for this analysis 
was the average predictability effect of saccade rate (vari-
able ISI – fixed ISI) in each 100-ms interval. As antici-
pated, for the neurotypical group, this measure was 
significantly positive from −100 to 0 ms, t(19) = 3.19, p < 
.05, Bonferroni-corrected for 10 comparisons. This effect 
is equivalent to the PSSI-predictability effect reported 
above (95% CI and Cohen’s d remain unchanged). No 
other intervals were significant for the neurotypical group 
(all ps > .04 before Bonferroni correction and > .40 after 
Bonferroni correction). For the ADHD group, none of the 
tested intervals showed a significant predictability effect 
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(all ps > .07 before Bonferroni correction and > .70 after 
Bonferroni correction).

The effect of saccade size. Our analysis included all 
saccades of sizes up to 3°. It could be hypothesized, 
however, that only larger saccades and not microsac-
cades contributed to the anticipatory effects, because 
larger saccades may be easier to control voluntarily than 
microsaccades. Microsaccades are arguably more auto-
matic and would therefore be harder to be top-down-
modulated by expectation. To answer this question, we 
repeated our analyses on microsaccades (< 1°) and found 
similar qualitative and statistical effects to those that were 
obtained when we included all saccades greater than or 
equal to 3°.

A 2 × 2 mixed-design ANOVA with ISI (fixed, variable) 
and group (neurotypical, ADHD) as factors and microsac-
cade rate at –100 to 0 ms as the dependent variable revealed 
a significant Group × ISI interaction, F(1, 37) = 8.14, p = 
.007, ηp

2 = .18, which resulted from a significant ISI effect 
in the neurotypical group, t(19) = 5.76, p < .001, 95% CI 
mean difference between ISI conditions = [0.28, 0.60], 
Cohen’s d = 1.29, but not in the ADHD group, t(18) = 0.92, 
p > .25, 95% CI mean difference between ISI conditions = 
[−0.14, 0.37]. Grouping by sustained-attention performance 
showed similar effects as the previous ones. The interaction 
of sustained-attention classification and ISI was significant, 
F(1, 37) = 13.28, p < .001, ηp

2 = .26. For poor sustained-
attention performers, there was no difference between the 

ISI conditions, t(19) = 0.65, p > .25, 95% CI for the mean 
difference = [−0.11, 0.21], but for good sustained-attention 
performers, there was a significant reduction in the fixed-
ISI compared with the variable-ISI condition, t(18) = 4.89,  
p < .001, 95% CI for the mean difference = [0.3, 0.75], 
Cohen’s d = 1.25. Figure 9 depicts the PSSI-predictability 
effect for microsaccades (< 1°).

Poststimulus effects. We had no prior hypothesis 
regarding poststimulus saccade-rate modulations. How-
ever, we report some interesting post hoc observations. 
We observed the typical dynamics of poststimulus sac-
cade rate (including saccades and microsaccades): a 
decrease at approximately 50 to 150 ms and then an 
increase peaking around 300 to 400 ms (Rolfs et al., 
2008). We performed a two-way ANOVA on the mean 
saccade rate at 300 to 400 ms, with ISI (fixed, variable) as 
a within-subjects factor and group (ADHD, neurotypical) 
as a between-subjects factor. We found increased saccade 
rate in the neurotypical group compared with the ADHD 
group, F(1, 37) = 5.25, p = .03, ηp

2 = .12, which corre-
sponded to the general elevated rate of saccades in this 
group (see Saccade Sizes). There was also an increased 
saccade rate for the fixed-ISI relative to the variable-ISI 
condition, F(1, 37) = 5.2, p = .03, ηp

2 = .12. There was no 
interaction between ISI and group (F < 1). These findings 
are presented in Figure 10. This analysis illustrates that 
the higher the prestimulus inhibition, the higher the post-
stimulus saccade rate.
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Gender effects. Fifty percent of the current ADHD 
group was female, which is higher than the 25%-females 
ratio reported for ADHD in general (Nøvik et al., 2006). 
We therefore examined the effects of gender on PSSI. A  
2 × 2 × 2 mixed-design ANOVA was performed with ISI 
(fixed, variable) as a within-subjects factor and group 
(ADHD, neurotypical) and gender (male, female) as 
between-subjects factors. The interaction of ISI and group 
was significant, F(1, 35) = 4.96, p = .03, ηp

2 = .12, but the 
triple interaction with gender was not, F(1, 35) < 1.0. 
Additionally, there was no main effect of gender (p = .53), 
but there was a significant interaction of ISI and gender, 
F(1, 35) = 4.37, p = .04. Male participants showed a mar-
ginally higher PSSI-predictability effect than females, 
t(37) = 2.08, p = .05, equal variances not assumed.  
In sum, whereas gender slightly modulated the PSSI-
predictability effect, it does not explain the group effect 
of ADHD. If anything, had males been 75% (instead of 
50%) of the observers, the group differences would prob-
ably have been more pronounced.

Learning effects. If participants were learning through-
out the trials, there would be two opposite predictions. 

First, participants’ ability to form temporal expectations 
and the corresponding oculomotor behavior would 
improve throughout the session, and as a result, prestim-
ulus saccade rate in the fixed-ISI condition would 
decrease and the PSSI-predictability effect would increase. 
Second, participants would learn that there were only 
four possible ISIs in the variable-ISI condition, and thus the 
prestimulus saccade rate in that condition would decrease 
and the PSSI-predictability effect would diminish.

To examine these hypotheses, we compared the PSSI-
predictability effect in the first and second halves of each 
experimental session. A 2 × 2 mixed-design ANOVA was 
performed with session (first half, second half) as a 
within-subjects factor and group (ADHD, neurotypical) 
as a between-subjects factor. The dependent measure-
ment was the PSSI-predictability effect. No evidence for 
an effect of learning was found: There was no significant 
main effect of session, F(1, 37) < 1.0, and no interaction 
between session and group, F(1, 37) = 1.36, p = .25. Addi-
tionally, the PSSI-predictability effect was not reduced 
from the first to the second half of the session in either 
the variable-ISI condition, t(38) = 1.14, p = .26, or the 
fixed-ISI condition, t(38) = 0.073, p = .94 (see Fig. S3 in 
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Fig. 9. Overall mean saccade rate and mean predictability effect of prestimulus saccadic inhibition (PSSI), including only microsaccades (< 1° 
of visual angle) in the analysis. Results are shown for (a) the neurotypical (NT) and attention-deficit/hyperactivity-disorder (ADHD) groups and 
(b) participants classified with good sustained attention (SA) and poor SA. The waveforms show the grand average microsaccade rate from −700 
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–100 to 0 ms). The bar graphs show the grand-average PSSI-predictability effect (variable-ISI condition – fixed-ISI condition) for each group. 
Error bars represent ±1 SE. Asterisks indicate results significantly different from zero (**p < .01, ***p < .001).
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the Supplemental Material). We conclude that in this 
experiment, there was no evidence for learning regarding 
the PSSI-predictability effect.

To assess whether participants’ performance improved 
over time in each of the ISI conditions, we additionally 
examined each condition separately for learning effects. 
We performed a 2 × 2 ANOVA on saccade rate (at –100 to 
0 ms) in the fixed-ISI condition as the dependent variable 
with session (first half, second half) as a within-subjects 
factor and group (ADHD, neurotypical) as a between-
subjects factor. This analysis revealed no learning effects 
of session, F(1, 37) = 1.25, p = .27, and no interaction 
between session and group (F < 1). We performed the 
same analysis on the variable-ISI condition and again 
found no evidence for learning (see Fig. S4 in the Supple-
mental Material).

Discussion

This study showed that in the neurotypical population, 
the PSSI-predictability effect is larger when there is low 
temporal uncertainty (fixed-ISI condition) than when 
there is high temporal uncertainty (variable-ISI condi-
tion) regarding stimulus appearance. In contrast, there 
was no evidence for differences between low and high 
temporal uncertainties in the PSSI-predictability effect of 
the ADHD group. These findings corresponded with the 
behavioral results: The neurotypical group showed faster 
responses when there was no temporal uncertainty than 
when there was, whereas the ADHD group showed no 
such benefit. These findings further established a relation 

between temporal expectations and sustained attention. 
Despite a large overlap when saccade rates were grouped 
by diagnosis and grouped by sustained-attention perfor-
mance (6 of 20 participants switched groups), the group 
predictability effect of PSSI was stronger when partici-
pants were grouped according to their sustained-attention 
abilities than according to their prior diagnoses of ADHD 
or lack thereof.

The inhibition of saccades as an index 
of temporal expectation

Given that saccades and microsaccades occur constantly 
and have been linked to spatial attention (Chen, Ignash-
chenkova, Thier, & Hafed, 2015; Engbert & Kliegl, 2003; 
Hafed & Clark, 2002; Laubrock, Kliegl, Rolfs, & Engbert, 
2010; Meyberg, Werkle-Bergner, Sommer, & Dimigen, 
2015; Rizzolatti, Riggio, Dascola, & Umiltá, 1987; Yuval-
Greenberg, Merriam, & Heeger, 2014), they constitute a 
promising means of providing an external window on 
various attentional processes. Attentional processes can 
be unconscious and therefore cannot always be explicitly 
reported by observers. Attentional deployment is also dif-
ficult to assess in real time and in single trials. In a previ-
ous study (Yuval-Greenberg et al., 2014), we utilized 
microsaccades as a real-time index of fluctuations in 
covert attention. Whereas most previous studies focused 
on covert spatial attention, the current study focused on 
temporal expectation, an aspect of temporal attention.

Behavioral and neurophysiological methods have been 
used to study temporal expectations. There are a number 
of advantages of using PSSI as an index of temporal expec-
tations. It is a prestimulus measurement of anticipation and 
does not depend on retroactive estimates. It does not 
explicitly require attending to the intervals or to the tempo-
ral regularity between stimuli. It can be studied in almost 
every task and design by manipulating ISIs. It provides an 
estimate of anticipation on every trial type and not just on 
target trials. It requires minimal cooperation from partici-
pants and can be measured in children or clinical popula-
tions. It is not affected by the various possible confounds of 
performance measurements (e.g., changes in observer’s 
motivation or decision criteria across conditions, which can 
lead to speed/accuracy trade-offs; Giordano, McElree, & 
Carrasco, 2009; Reed, 1973). Given all these advantages, we 
propose that future studies include saccade monitoring 
when studying temporal expectations.

Temporal expectations and  
sustained attention

We found that ADHD participants had problems forming 
or acting on temporal expectations. This lack of sensitivity 
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Fig. 10. Grand-average saccade rate (mean at 300–400 ms after stimu-
lus) as a function of group and interstimulus interval (ISI). Error bars 
represent ±1 SE. The asterisk indicates a significant difference between 
groups (*p < .05). ADHD = attention-deficit/hyperactivity disorder.
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to temporal regularities may contribute to some of the 
frequent complaints of children and adults with ADHD, 
such as that they have difficulty taking turns and follow-
ing conversations.

This deficit could result from one or more of the core 
cognitive deficits of ADHD, particularly from sustained 
attention, the ability to maintain a steady level of perfor-
mance on a prolonged task (Tsal et al., 2005). Sustained 
attention is critical for learning regularities over time and 
forming temporal expectations. Individuals with deficits in 
sustained attention would be unable to learn these temporal 
regularities and benefit from them. Most individuals with 
ADHD show earlier and steeper decline of performance 
over time than the neurotypical population (Heinrich et al., 
2001). Some individuals with ADHD show no such impair-
ment. In our ADHD sample, for example, a third of the 
ADHD participants showed better sustained-attention per-
formance than the median of all participants. On the basis 
of this intersubject variability, we used a median split to 
examine the involvement of sustained attention in producing 
the observed saccade-inhibition effects. Notably, sustained-
attention performance was measured independently of the 
PSSI-predictability effect, as only target trials were used for 
sustained-attention estimation and only nontarget trials 
were used for the saccade analysis.

The results support the involvement of sustained 
attention in temporal expectations, as dividing the groups 
by sustained-attention performance led to better predic-
tion of the PSSI-predictability effect than dividing them 
according to diagnosis. Moreover, in ADHD participants, 
we found that those with good sustained attention 
showed a larger PSSI-predictability effect than those with 
poor sustained attention. This indicates that out of the 
diverse mosaic of cognitive deficits in ADHD, sustained 
attention is crucial for exhibiting a PSSI-predictability 
effect. Most likely, sustained attention is not the only cog-
nitive mechanism involved in temporal expectations; 
future research should examine the involvement of other 
mechanisms, such as response inhibition.

These findings can be linked to an ongoing discussion 
of categorical versus dimensional definitions of psycho-
pathologies (Yee, Javitt, & Miller, 2015). The Research 
Domain Criteria (RDoC) framework (https://www.nimh 
.nih.gov/research-priorities/rdoc/index.shtml), initiated by  
the U.S. National Institute of Mental Health, is based on 
the notion that all types of psychopathological disorders 
can be represented by a set of functional dimensions, 
which range continuously from normal to abnormal 
(Sanislow et al., 2010; Yee et al., 2015). This proposal is 
in contrast to the conventional nosology, represented by 
the DSM, based on categorical classification of psychopa-
thologies formed by clusters of clinical symptoms. The 

current attention construct of the RDoC focuses mainly 
on divided and selective attention mechanisms and pro-
poses protocols that are affected not only by attention 
but also by executive functions. The present findings 
support the fundamental RDoC notion by demonstrating 
that sustained attention is a functional dimension that 
varies from typical to atypical and is impaired in most 
(but not all) individuals with ADHD. These findings addi-
tionally demonstrate the importance of considering sus-
tained attention as a functional dimension of the RDoC, 
in addition to divided and selective attention mecha-
nisms. Furthermore, these findings highlight the potential 
use of eye movements as objective measures of sustained 
attention.

Comparing microsaccades with  
large saccades

Accumulating evidence in recent years suggests that mic-
rosaccades and saccades form an oculomotor continuum, 
as they share the same kinematic properties, are involved 
in the exploration of fine details, and are controlled by 
the same neural structures (Hafed, Goffart, & Krauzlis, 
2009; Ko, Poletti, & Rucci, 2010; Otero-Millan, Macknik, 
Langston, & Martinez-Conde, 2013; Rolfs et al., 2008). 
The similarity between the temporal dynamics of micro-
saccades and exploratory saccades is still under debate 
(Mergenthaler & Engbert, 2010). We take no stand in this 
debate. Our main interest lies in the prestimulus modula-
tion of the oculomotor system by temporal expectations. 
For this purpose, it would have been nonproductive to 
include only a subgroup of saccades of a certain size. 
Therefore, we included no strict size criterion in our anal-
ysis. Nevertheless, we performed the same analysis on 
microsaccades alone to verify that even these tiny invol-
untary saccades contributed to the predictability effect.

ADHD participants tended to have fewer microsac-
cades and more saccades than neurotypical participants. 
As the former difference was larger than the latter, overall 
there was a slightly smaller number of saccades for 
ADHD than for neurotypical participants (Fig. 3). A recent 
study (Fried et al., 2014) found more prestimulus micro-
saccades for ADHD than for neurotypical participants 
using the test of variables of attention (TOVA; Greenberg 
& Waldman, 1993), another continuous go/no-go task. 
The difference between the two studies could be due to 
the fact that Fried et al. (2014) presented targets periph-
erally (9°), whereas we presented targets centrally. A 
peripheral presentation encourages saccades toward the 
stimuli and is more challenging for ADHD participants, 
who are less able to countermand saccades when pre-
sented with peripheral stimulation (Munoz et al., 2003).
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Is PSSI beneficial for visual 
perception?

Most current accounts agree that saccades and microsac-
cades generally benefit vision (Chen et al., 2015; Ko 
et al., 2010), but at short time ranges around stimulus 
onset, they could be disruptive (Hafed et al., 2011; Martinez- 
Conde et al., 2013). First, the image motion on the retina 
may transiently blur vision. Second, the new retinal image 
perceived at saccade offset could act as a backward mask 
and disrupt previous perception. Third, there might be 
active suppression of the visual cortex during a saccade 
(saccadic suppression). For these reasons, it is likely that 
suppressing saccades prior to the onset of a temporally 
predictable, task-relevant stimulus may be advantageous 
for visual perception. With the current procedure, having 
only a small number of target trials and ceiling accuracy, 
we cannot determine how beneficial the PSSI-predictabil-
ity effect was.

Poststimulus predictability effects

The poststimulus increase in saccade and microsaccade 
rates was larger in the fixed-ISI than in the variable-ISI 
condition. This poststimulus effect could be due to the 
enhanced preparation for the stimulus in the fixed-ISI 
condition (i.e., the fact that saccade rate decreased before 
the stimulus could have led to a reboundlike effect). 
Notably, there was no poststimulus interaction between 
ISI and group, which means that the prestimulus ISI and 
group interaction cannot be explained by the poststimu-
lus effects of the previous stimulus.

Conclusion

The rate of saccades of neurotypical, but not ADHD, par-
ticipants was diminished prior to expected targets. This 
effect was even stronger when participants were grouped 
according to their actual sustained-attention performance 
rather than their prior diagnosis. These findings establish, 
yet again, that eye movements constitute an external 
window on internal cognitive processes. In this case, 
oculomotor modulation reflected temporal-expectations 
processes that could not have been revealed otherwise.
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