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The direction ofmicrosaccadeshasbeen shown tobebiasedby the
allocation of spatial attention. Here, we investigated whether
the cognitive processes involved in preparing to respond to an up-
coming target can modulate the microsaccadic response. Speci¢-
cally, we found that optimal manual response preparation,
re£ected by faster response times, was associated with a reduc-
tion in the absolute frequency of microsaccades. The present

results are consistent with previous studies suggesting a relation-
ship between oculomotor activity and di¡erent sorts ofmotor re-
sponses.Our ¢ndings, however, surprisingly demonstrate that the
e¡ect of preparation and stimulus expectation extends to an auto-
matic and unconscious oculomotor activity such as microsaccade
execution. NeuroReport17:1001^1004�c 2006 Lippincott Williams
&Wilkins.
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Introduction
Visual neurosciences have recently begun to look with
renewed interest at microsaccades [1,2]. Microsaccades are
saccade-like fixational eye movements with an amplitude of
less than 21 of visual angle, usually occurring at a rate of 1–2
per second when the gaze is maintained at fixation. Their
rate drops shortly after the presentation of a visual stimulus
and then temporarily increases above baseline. This bi-
phasic response has been consistently reported in previous
studies investigating the spatial distribution of microsac-
cades following the presentation of either central or
peripheral attentional cues [3–7]. While it is established
that attention can influence the direction of microsaccades, it
is an open issue as to whether the microsaccade rate could
be modulated by cognitive factors.

One might suppose, for example, that time-based ex-
pectancy about target occurrence could influence micro-
saccade rate even before target onset. Indeed, recent studies
[8,9] have shown that it is possible to selectively attend to a
particular time interval, which affects the response prepara-
tion for stimulus detection or discrimination. Accordingly,
participants show lower response times (RTs) to onset
detection if they are correctly cued in time than when the
cue provides incorrect time information. This is interpreted
as attention being focused on the right moment in time, or as
the consequence of optimal motor response preparation to
stimulus onset [8,9].

In addition, studies using event-related potential have
documented a specific electrocortical brain response called
contingent negative variation (CNV), which emerges in
preparation for a task. Interestingly, when participants are
required to manually respond to an imperative stimulus

preceded by a warning click, the amplitude of the CNV has
been shown to be inversely related with manual RTs [10,11].

Hence, in the present study we address whether the
absolute microsaccade rate before and after a stimulus onset
varies as a function of whether the stimulus is ignored or
requires a manual response upon feature discrimination.
For each stimulus, the microsaccade rate was recorded in a
3000-ms epoch centered on stimulus onset.

Methods
Twelve undergraduate students from the University of
Trento (age range 19–31 years, eight women) provided
informed consent and received h5 for their participation. All
reported normal or corrected visual acuity and normal color
vision. The study was approved by the local ethical
committee.

Participants sat with their head on a chinrest at about
72 cm in front of a Dell CRT 1900 (1024�768, 75 Hz) monitor.
Presentation of the stimuli was controlled by a custom-made
C program running under Windows 2000 on a Pentium IV
Dell PC. Eye movements were recorded monocularly by an
Eyelink II system (SR Research, Ontario, Canada) with a
sampling rate of 500 Hz and a spatial resolution of less than
0.51 of visual angle.

Each stimulus was either a red or a green disk (21 in
diameter) made perceptually equiluminant by a 30-Hz
flicker-fusion procedure, and presented around a white
fixation spot (0.531 in diameter) on a black background. To
maximize the number of data points collected in a 60-min
experimental session, on each trial we presented two stimuli
separated by a 2000-ms interval. Four types of trial were
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present. On the ‘ignore both’ trials participants had to
refrain from responding to either stimulus, whereas on the
‘respond-both’ trials participants had to respond to both
stimuli. As in respond-both trials the microsaccade rate for
the second stimulus might have been affected by the
response to the first stimulus, to counterbalance any
possible carryover effect we also introduced ‘respond-first’
trials in which participants responded only to the first
stimulus, and ‘respond-second’ trials in which the response
was required only for the second stimulus. Overall,
participants responded to half the stimuli (active stimuli)
and refrained from responding to the remainder (passive
stimuli). The four trial types were presented in separated
blocks, with the only restriction that the ‘ignore both’ trials
were always presented in the first block, while the order of
presentation of the remaining three trial types was counter-
balanced across participants.

A standard nine-point-grid calibration was performed at
the beginning of the experiment. Each trial was preceded by
a fixation check during which a yellow central fixation spot
was displayed, and participants had to maintain their gaze
within an imaginary central square (21 of visual angle) for
500 ms. When this was achieved, a drift correction on the
basis of the average eye position during fixation was
performed. The fixation spot then turned white signaling
the trial start. After 2000 and 4000 ms, the target disk
appeared for 100 ms below the fixation spot. Participants
were instructed to keep their gaze at fixation for the whole
trial duration. If a saccade larger than 21 was detected, an
auditory signal was delivered and the trial was aborted. The
intertrial interval was set to 1500 ms.

Each participant underwent 224 test trials (56 for each
trial type), divided into eight 28-trial blocks. All but the first
trial types were preceded by an eight-trial practice block.

Microsaccades were identified with the algorithm de-
scribed by Engbert and Kliegl, and adapted for the 500 Hz
sampling rate [5]. Microsaccades were defined as intervals
(12 ms or longer) in which the eye velocity (computed by a
9-point moving average) exceeded an elliptic threshold
defined by six median standard deviations of the horizontal
and vertical velocities. The algorithm was applied from
1500 ms before the first stimulus to 1500 ms after the second
stimulus onset.

Results
Overall, participants responded faster to the second
stimulus (M¼ 481 ms) than to the first one (M¼ 511 ms),
t(11)¼ 2.97, Po0.012, a result likely due to the well-known
warning effect.

The evolution of microsaccade rate was computed with a
moving window of 100 ms that was applied on 3000-ms
epochs centered on stimulus onset for each condition in
individual participants. Figure 1 shows the average evolu-
tion of microsaccade rate for active and passive stimuli, and
the difference between the two. From visual inspection, it
appears that from 750 ms before to 400 ms after stimulus
onset, the microsaccade rate was slightly lower in active
than in passive epochs. Between 400 and 1500 ms, however,
the pattern reversed, with more microsaccades in active
than passive epochs. We computed the microsaccade rate in
the following time windows: A¼�750–0, B¼ 0–400, and
C¼ 400–1500 ms relative to the stimulus onset. Figure 2a
compares the results for active and passive epochs. A

within-subject analysis of variance with window and task
as factors revealed a significant interaction between the
two factors F(2,22)¼ 37.935, Po0.0001. Paired t-tests (all
P-values reported were two-tailed, and controlled for the
false discovery rate in multiple comparisons [12]; those
P-values that are lower than 0.05 were reliable at the
corrected a level) confirmed that in windows A and B, the
microsaccade rate was lower in active than passive epochs,
t(11)¼�2.414, Po0.0343, and t(11)¼�3.995, Po0.0021,
respectively. By contrast, in window C the pattern reversed,
as the microsaccade rate was higher in active than passive
epochs, t(11)¼ 5.079, Po0.0004.

These results suggest that response preparation and
execution affected the absolute microsaccade rate. If this
were the case, one might also expect the effect to be stronger
when these processes are performed optimally than
suboptimally; namely, one would expect a larger effect on
microsaccades when manual RTs were fastest. To address
this possibility, for each participant we split RTs to the first
and second stimulus according to whether they were
shorter or longer than the corresponding median (503 ms
for the first and 473 ms for the second stimulus, on average).
The average evolution of microsaccade frequency in fast-
response, slow-response, and no-response (passive) epochs
for the time interval of interest is shown in Fig. 2c. Figure 2b
shows the microsaccade rate in the time windows A, B, and
C as defined previously. A within-subject analysis of
variance revealed a significant interaction between the
factors window and type of response (fast, slow, no
response), F(2,22)¼ 19.440, Po0.0001. Paired t-tests con-
firmed that before and immediately after the stimulus onset,
there were fewer microsaccades in fast-response epochs than
no-response epochs in windows A, t(11)¼�3.740, Po0.0032
and B, t(11)¼�0.042, Po0.029. The pattern, however,
reversed in window C, t(11)¼ 4.528, P¼ 0.0009. Analogous
differences were significant between slow-response and
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Fig. 1 Evolution of microsaccade frequency. The evolution is computed
with a 100ms moving window in 3000ms epochs around stimulus onset
and averaged across12 participants.The active and passive conditions are
shown, and their di¡erence along with the corresponding standard error
band.The vertical black line indicates the stimulus onset.
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no-response epochs in windows B, t(11)¼�4.309, Po0.0012,
and C, t(11)¼ 5.486, Po0.0002, but not in window A,
t(11)¼�0.48, P¼ 0.64. Furthermore, in window C there
were more microsaccades on slow-response epochs than on
fast-response epochs, t(11)¼�4.820, Po0.0005. In window
A, the difference between fast-response and slow-response
epochs was marginally significant, t(11)¼�2.066, P¼ 0.063,
whereas no difference was found in window B, t(11)¼ 0.171,
P¼ 0.87.

Discussion
Recent studies have established a link between micro-
saccade direction and spatial attention [3–6]. Here,
we investigated whether, regardless of any spatial bias, the
microsaccadic response might be affected by (manual)
response preparation processes involved in target discrimi-
nation. To this purpose, we recorded microsaccades while
participants, according to the instructions, either responded
to or ignored the upcoming target stimulus.

Overall, the present results show a clear relationship
between manual response preparation to target discrimina-
tion and microsaccadic activity. Such a link is documented
by the fact that, as compared with the no-response
condition, in the 750-ms interval before stimulus onset the
rate of microsaccades was reduced when participants were
preparing to respond. Crucially, compared with the no-
response condition, such diminished microsaccade rate was
evident when participants were particularly fast at respond-
ing (Po0.001). By contrast, when participants were slower
at responding, the frequency of microsaccades did not differ
from the no-response condition. Hence, the present findings
indicate that the microsaccade rate before target occurrence
can be affected by mechanisms of response preparation
possibly involving the orienting of attention in time, which
is consistent with the CNV modulation observed in similar
tasks [10,11].

The relationship between microsaccades and manual RTs
was also confirmed by the fact that in the first 400 ms after
stimulus onset, fewer microsaccades were produced when

participants responded as compared with when the stimu-
lus was ignored. In addition, the frequency of microsaccades
increased in the 400–1500-ms time window after target onset
if a response was required. Such enhancement was,
however, bigger for slow than for fast responses. As it
emerges from Fig. 2c, this was due to a longer microsaccade
enhancement phase for slow than for fast responses. This,
together with the lack of a significant effect of RTs on
microsaccade suppression in the 0–400-ms interval, suggests
that the microsaccade enhancement is not a mere reflex-like
rebound from the previous suppression. Furthermore, the
fact that the duration of the microsaccade enhancement
varies as a function of RTs is consistent with the hypothesis
that such enhanced oculomotor activity might be sensitive
to the degree of cognitive load [6].

Perhaps the most parsimonious explanation of the present
findings is that a generic preparatory process (arousal) or
the orienting of attention in time [8,9], or both, can affect
motor preparation for manual responses as well as micro-
saccadic oculomotor activity. So, a high level of preparation
both reduces microsaccade frequency and speeds up
manual RTs. Our findings, however, might also be inter-
preted as evidence for a possible interaction between
oculomotor activity and other types of motor responses. In
this regard, a relationship between manual motor responses
and oculomotor activity is explicitly predicted by the
Premotor theory of attention [13]. The theory assumes that
in a spatial cueing task, the longer RTs observed on invalid
trials, as compared with when the target occurs at the
attended location, are due to a need for reprogramming an
eye movement toward the target location. This, in turn,
would interfere with the programming of the manual
response, thus causing a delay in RTs [14]. Here, we provide
evidence that might support a link in the opposite direction:
the activity associated with the manual motor programming
interferes with the oculomotor activity causing microsac-
cades.

One can suppose that the interference on manual RTs
caused by a change in the oculomotor program might be
explained as the consequence of the two motor activities
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Fig. 2 Averagemicrosaccade rate in the �750^0, 0^400, and 400^1500ms time intervals, in active and passive epochs (panel a) and in fast- response,
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in the time interval corresponding to panels (a) and (b).
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being programmed using a common pool of cognitive
resources. Indeed, our findings are in line with the
suggestion that eye movements are not free of interference
from unrelated tasks that involve quite different sorts of
motor responses [15]. Although it has, however, been shown
that saccadic latency is affected by a concurrent manual
response choice, our findings quite surprisingly show that
interactions between the two systems extend to an auto-
matic and unconscious oculomotor activity such as micro-
saccades. This is entirely consistent with the general idea
that microsaccadic activity can be affected by cognitive
functions.

Conclusions
The present study shows that microsaccadic activity varies
as a function of whether or not participants are preparing to
manually respond to an upcoming visual stimulus. In
particular, the better the participant is prepared to respond
the more microsaccades are inhibited even before the
stimulus’ occurrence. The present findings may suggest
the existence of a link between the unconscious oculomotor
activity that is evident during fixation, and the cognitive
processes involved in preparing to respond to an upcoming
visual target.
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