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1. Introduction 

Visual perception takes place during fixations, with 
saccadic suppression interrupting it during saccades 
roughly three times per second (Zuber & Stark, 1966; 
Matin, 1974; Bridgeman, Hendry, & Stark, 1975; Irwin, 
1992). During fixations, residual eye movements can be 
classified as drift, a slower curved movement following 
random-walk trajectories (Engbert & Kliegl, 2004), 
tremor (or nystagmus), a very low amplitude high-
frequency oscillation layered upon drifts, and 
microsaccades (Rolfs, 2009; Martinez-Conde, Macknik, 
& Hubel, 2004; Martinez-Conde, Macknik, Troncoso, & 
Dyar, 2006; Martinez-Conde, Macknik, Troncoso, & 
Hubel, 2009). The latter show the same linear amplitude 
vs. peak velocity profile as ordinary saccades (the "main 
sequence," Zuber, Stark, & Cook, 1965) but with 
amplitudes too small to be measured without 
sufficiently sensitive oculometric equipment (criterion 
values in the literature range from 12 min arc to one 
degree) and occur involuntarily at an average rate of 
about one to two per second during idle fixation 
(Ditchburn & Ginsborg, 1953).  

The role of fixational eye movements in visual 
perception has been debated for more than fifty years 
(Martinez-Conde, Macknik, & Hubel, 2004). For almost 
as long as we have known microsaccades exist (Ratliff & 
Riggs, 1950), we have also known that stabilized images, 
or images that counteract fixational eye movements to 
stimulate the same retinal receptors continually, fade 
from perception rather quickly (Ditchburn & Ginsborg, 
1952; Pritchard, 1961). Fixational eye movements, 
however, include drifts and tremor in addition to 
microsaccades (Martinez-Conde, Macknik, & Hubel, 
2004), which may contribute differentially to moving the 
retinal image to inhibit fading. Considering the difference 
in receptive field sizes associated with the peripheral and 
central retina, microsaccades may be necessary to refresh 
receptors in the periphery whereas drifts should be 
sufficient to do so in the fovea. Recent findings suggest 
that momentary decreases and increases in microsaccade 
frequency are correlated with the fading and 
reappearance, respectively, of a static grating in the 
periphery and parafoveal regions (Martinez-Conde et al., 
2006). In particular, during viewing of low-contrast 
stimuli (peripheral and parafoveal), microsaccades tend 
to be more frequent before transitions to visibility and 
less frequent before periods of fade-out.  
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Also, microsaccades occur in central fixation tasks 
under conditions of lower than ordinary drift-induced 
retinal image slip (Engbert & Mergenthaler, 2006). 
Recent studies have found microsaccades to occur in the 
absence of percetpual fading. Poletti and Rucci (2010) 
found microsaccades being more corrective for preceding 
drifts during accurate fixation on a cue than during 
relaxed fixation on a region of the screen. Using a non-
human primate sample Cui, Wilke, Logothetis , Leopold , 
and Liang (2009) found that microsaccade rate was 
correlated with the perceptual state of target visibility, 
and suggest that the measured microsaccade rate and 
direction are reliable indicators of the perception. A 
recent study on microsaccades in scene viewing 
(Mergenthaler & Engbert, 2010) showed microsaccade 
rates produced in a fixation paradigm to be correlated 
with microsaccade rates extracted from fixations in 
scene perception, indicating a common 
neurophysiological basis.  

Although necessary to counteract peripheral retinal 
fading, microsaccades can affect visual acuity 
negatively in that they are associated with brief periods 
of saccadic suppression (Beeler, 1967), much like the 
loss of momentary visual information associated with 
ordinary, observable saccades (Zuber & Stark, 1966). 
Saccadic suppression is stronger in the fovea than in the 
periphery (Bridgeman & Fisher, 1990), which is 
probably why microsaccades tend to be inhibited during 
high acuity tasks (Winterson & Collewijn, 1976; 
Bridgeman & Palca, 1980), and why many recent 
studies using attentional cueing paradigms show 
decreases in the average microsaccade rate following 
the presentation of task-relevant visual information. In 
contrast, Ko, Poletti and Rucci (2010) found that 
microsaccades aid high acuity tasks, by precisely 
relocating the gaze of the observer. The authors argue 
that previous studies missed the critical window of time 
in which microsaccades can be shown to be helpful for 
high acuity performance.  

Additionally though, the directions of microsaccades 
have been correlated with those of covert attention 
shifts (Hafed & Clark, 2002; Engbert & Kliegl, 2003; 
Laubrock, Engbert, & Kliegl, 2005; Turatto, Valsecchi, 
Tamè, & Betta, 2007) and may be an overt indicator of 
their presence. Engbert & Kliegl (2003) using an 
endogenous cueing paradigm (Posner, Nissen, & Ogden, 
1978) measured microsaccade rates and direction, 

finding that microsaccades occurred more frequently 
and showed a significant directional bias toward the cue 
at a time in which central cues were most effective. 
These observations led Engbert & Kliegl to argue that 
microsaccades could objectively index covert orienting. 
Laubrock, Engbert, & Kliegl (2005) extended the 
microsaccade correlation with attention to exogenous 
cues. Rates of microsaccade occurrence were similar to 
those found in Engbert & Kliegl (2003), although the 
directional effects were somewhat stronger for 
exogenous orienting The bias away from the cue is 
suggestive of inhibition of return (Posner & Cohen, 
1984), and other recent studies recording microsaccades 
also share this interpretation (Galfano, Betta, & Turatto, 
2004; Betta, Galfano, &, Turatto, 2007). A 
physiological indication of another possible 
microsaccade function is microsaccade-contingent 
bursts of neuronal activity in primate visual cortex 
(Martinez-Conde, Macknik, & Hubel, 2002). 

Most previous studies of the occurrence and function 
of microsaccades have concentrated on artificial 
laboratory tasks which, while well-defined, leave open 
the question of microsaccade function in more 
naturalistic environments. Here we combine recording 
of overall microsaccades and exploratory saccades with 
a simulated driving task (lane change task) and a 
surrogate reference task (Search task), to investigate the 
relationship between microsaccade rate and visual 
workload, under the assumption that vision is the single 
most important source of information for the driver 
(Lansdown, 2000). According to Wickens’ (2002) 
multiple resources model, human vision processes rely 
on a general pool of mental resources, from which all 
other processing codes, stages and modalities draw. By 
adopting such a model, we consider visual workload as 
a part of mental workload. According to the 
specifications of an ISO (International Organization for 
Standardization) standard under development, ISO 
26022 (ISO/DIS 26022, 2007), the Lane Change Test is 
a simple and reliable method for quantitatively 
estimating secondary task demand in a driving context. 
The test consists of driving and changing lanes 
according to information provided on road signs. The 
SuRT (Search task) was chosen as a secondary task  
(Mattes, 2003). It requires participants to locate a target 
among visually similar distractors (visual demand) and 
then select the portion of screen containing the target 
(manual demand). The Search task requires visual 
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perception and manual response: such activities, 
according to Wickens’ multiple resources model 

(Wickens, 2002), require the same mental resources as 
the driving task and will therefore be more likely to 
interfere, because of increased mental workoad. Thus, 
we believe the Search task is a good compromise 
between the need for a generic distractor task and the 
need for using ecologically valid distractor tasks rather 
than artificial tasks (e.g. arithmetic calculation, memory 
tasks). The issue of finding which are the best methods 
and measurement techniques for mental workload in a 
driving environment is still an open question. (Young & 
Regan, 2007).   

 Our research will show that microsaccades and 
exploratory saccades as well as fixations are not 
obviously affected by the use of IVIS (In-Vehicle 
Information System) while driving, because of the need 
to continuously shift gaze from the IVIS to the road and 
vice versa, but could provide useful information to 
understand drivers’ mental workload. 

Athough theories of microsaccade function focusing 
on either low-level vision or attention shifts are not 
necessarily mutually exclusive, they make different 
predictions for how microsaccade rates would be 
affected by the Lane Change Test, depending on the 
nature of the secondary task. Based on the results from 
Martinez-Conde et al. (2006), Engbert & Mergenthaler 
(2006),  Horowitz, Fine, Fenesik, Yugenson, & Wolfe 
(2007a) and Laubrock, Kliegl, Rolfs, Engbert (2010), we 
predict that more microsaccades should be found under 
single-task conditions than dual-task; the increasing 
presence of large saccades in the dual-task condition 
means fixations are briefer and retinal images are less 
likely to fade. On the other hand, attentional theories of 
microsaccade function (Engbert & Kliegl, 2003; Hafed 
& Clark, 2002) and theories of visual exploration and 
visual search (Otero-Millan et al., 2008) predict that 
microsaccade rates should increase as attentional load 
increases, because there are more shifts of attention in 
the dual-task condition.  

Saccades and Microsaccades can’t be analyzed 
without considering fixations. Rate and duration are the 
two main parameters we considered for fixations. The 
fixation duration (time) or its approximate inverse, the 
fixation rate, is the most extensively used parameter in 
various studies, although its meaning is far from clear 
(De Waard, 1996). While fixation rate is a simple 

indicator of the amount of visual load, fixation duration 
is more complex since it depends upon task 
characteristics (Backs & Walrath, 1992). These authors 
found increased fixation time in self-terminating search 
compared to an exhaustive search. Wilson & Eggemeier 
(1991) stated that the duration of fixations was related 
to difficulty in obtaining and interpreting information 
from instruments. O'Donnell & Eggemeier (1986) report 
that an increase in workload is accompanied by 
increased fixation duration. Similarly Rayner & Morris 
(1990) found that fixation duration increases with the 
amount of information to be extracted from a target. On 
the other hand several authors found a decrease in 
fixation duration associated with a greater need for 
visual inspection because of greater scene complexity 
(Miura, 1986; Underwood & Radach, 1998).  According 
to these authors, we should expect a decrease in fixation 
duration in the dual-task condition since more visual 
load occurs, and an increase in fixation rate as a 
function of visual load.  

It is important to underline that when comparing 
different levels of visual workload, possible differences 
between the frequency and the proportion of 
microsaccades and saccades can be observed. Our 
research will keep in mind this distinction.  Differences 
between frequency and proportion of microsaccades and 
exploratory saccades are expected. In the dual task, 
where more visual workload occurs, we predict an 
increased frequency of exploratory saccades together 
with an increased frequency of microsaccades due to the 
increased visual exploration and visual search generated 
by the secondary task (Otero-Millan et al.,  2008), and 
shorter fixation durations (Miura, 1986; Underwood & 
Radach, 1998). Considering the proportion of 
microsaccades no predictions can be made because we 
could not find any similar study for a comparison. 

 This research has implications for understanding the 
roles of saccades and microsaccades in naturalistic 
environments, as well as applied research in automotive 
system design. 

2. Method 
The experiment of the present study has been 

previously described in Benedetto, Pedrotti, Minin, 
Baccino, Re, and Montanari (2011): a brief description 
follows. 
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2.1 Experimental plan 
Fifteen participants performed a simulated Lane 

Change Test (LCT, ISO, 2007) in a fixed-base driving 
simulator. In the LCT, people are required to drive on a 
three-lane straight road and change lane when indicated 
by road signs. After a training session, each participant 
made six three-minute lasting trials of which the first 
(baseline) and last (control) one were simple single tasks 
(performing the LCT alone), and the other four were 
dual-task trials (Figure 1). Within the latters, a concurrent 
visual-manual secondary task was added to the LCT for 
simulating driver interaction with an IVIS: participants 
were required to locate and indicate targets on a touch 
screen mounted on the dashboard.  

 

 

 

Figure 1. Experimental design: baseline and control are the single-task 
runs (lane change task only); tasks 1, 2, 3, 4 are the dual-task runs (lane 
change task + Search task); P is the pause after each run. 

2.1 Eyetracking Apparatus 
The aim of this study was to observe saccadic and 

microsaccadic behavior in a naturalistic environment. For 
that reason a monocular head-mounted eye-tracker was 
used (SMI X-HED) and participants’ heads were not 
stabilized using a chin rest, but were free to move. A 
five-point calibration was made for each participant; 
calibration was further checked with a laser-pointing 
device before each trial. The eye-tracker software 
recorded eye movements at a 200Hz frequency with 
tracking resolution < 0.1° and a gaze position accuracy < 
0.5°. The resolution is the more important feature for our 
study, as we analyzed saccadic magnitudes rather than 
fixation positions. The eye-tracker was lightweight (80 g) 
and was mounted on a special baseball cap without visor 
(Figure 2-A). Room lighting was kept constant during all 
experiment trials. 

Figure 2.  (A) SMI X-HED head-mounted monocular eye-tracker. (B) 
Search task samples. 

2.2 Secondary Task 
A two-column Search task was set up (Figure 2-B): 

participants were required to double-click as fast as 
possible with their finger on the portion (left or right) of 
the touch screen where a target (larger circle) is located. 
Twenty images with random localization of the target 
circle were created for each of the two difficulty levels: 
the easy ones had fewer distractors (small circles), while 
the difficult ones had more distractors. In both difficulty 
levels, targets and distractors had a diameter of 1.4 cm 
and 0.7cm respectively. 

2.3 Dependent Variables 
Theoretically saccades and microsaccades have 

different functions, but technically (for eye-tracking 
systems) they are very similar because they fall along the 
same main sequence (Zuber et al., 1965). While saccades 
alternate with fixations, microsaccades occur within 
fixation. They are involuntary (Ratliff & Riggs, 1950) 
small-amplitude eye movements (Ditchburn, 1973), 
which typically occur at a rate of one to two per second, 
and have amplitudes that are usually smaller than 1°. 
Technically, eye tracking systems, including the system 
we used for the experiment (SMI BeGaze 2) consider, 
collect and detect saccades and microsaccades in the 
same way since they both are characterized by 
stereotyped relationships between amplitude, duration 
and angular velocity. They also share the same triggering 
mechanism in the superior colliculus (Hafed, Goffart, & 
Krauzlis, 2009). Since they also overlap in amplitude, 
they cannot be differentiated completely by any physical 
algorithm. The event detection software used in the 
current study selects saccades as primary events using a 
velocity-based algorithm (e.g. Salvucci & Goldberg, 
2000): saccades and fixations are computed and derived 
from the primary saccade events (SMI, 2009). As 
saccades and microsaccades are theoretically different 
(different functions for the visual system and different 
amplitudes) but technically similar, all saccadic events 
were grouped into two amplitude classes. Consistent with 
previous analyses (Hafed & Clark, 2002; Martinez-Conde 
et al., 2009), to differentiate microsaccades from 
exploratory saccades we chose a range of amplitude up to 
1°. Choice of this amplitude limit for microsaccades is 
also informed by the microsaccade detection algorithm of 
Engbert & Kliegl (2003). In Fig. 3 of that paper, more 
than 95% of 9183 microsaccades are less than 1° in 
amplitude, though a few are larger. Thus with a 1° 
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amplitude threshold we capture most microsaccades and 
omit very few. Microsaccades were defined in our data 
set as main-sequence events with amplitudes of 1° or less. 
The maximum amplitude and maximum duration 
correspond to a velocity of 100°/s. Informal surveys of 
our data using smaller microsaccade thresholds showed 
the same qualitative results as those given below, though 
the power of these surveys was lower due to a smaller 
number of events. Since the overall correlation of 
amplitude and duration was 0.66 in the baseline run, 0.78 
in the dual-task runs, and 0.69 in the control run, the 
durations were not considered further. The upper limit for 
microsaccades represents the lower limit for exploratory 
saccades, which range from 1° up to 60°. The amplitudes 
of exploratory saccades were grouped into bins of 1°-10°, 
and each 10° increment up to 60°. Since microsaccades, 
saccades and fixation are highly dependent of one another 
it is necessary to collect them in conjunction.  In face of 
that, fixation was defined as a minimum 80 ms period in 
which the gaze is still within a 100 px area (SMI, 2009). 
With the aim of allowing comparisons between this and 
other studies we included a detailed main sequence plot 
for all sacadic events (microsaccades and exploratory 
saccades) detected during the LCT (Figure 3).  

Figure 3. Saccadic main sequence during the  
LCT for each of the six experimental conditions. The lower and upper 
limits for microsaccades and exploratory saccades detection have been 
manteined.  N= 15 participants. 

In order to validate our hypothesis we collected and 
analyzed two main dependent variables: Saccade 
frequency and Microsaccade frequency. Saccade and 
Microsaccade frequency sum to the number of saccadic 
events that take place in each experimental run. From 
these we calculated Saccade and Microsaccade 
proportions, which are the ratios between each 
participant’s saccadic event frequency (grouped in 
amplitude ranges defined above) and their total. Two 
secondary dependent variables were collected: Fixation 
frequency, the number of fixation events that take place 
in each experimental run, and Average fixation duration, 
the period of time in which the gaze is fixed on a single 
location (for this analysis, each participant’s fixation 
duration values were averaged). All the variables were 
collected and analyzed for each of the 90 runs (15 
participants x 6 runs), including all data points between 
the START and the END signs of the LCT (ISO/DIS 
26022 , 2007): thus, each interaction and subsequent data 
gathering was referred to the same 3-minute periods of 
single- (baseline, control) or dual-task (1, 2, 3, 4) driving 
runs (Figure 1). Repeated measures ANOVA on the 
dependent variables was used with a Greenhouse-Geisser 
correction. 

3. Results 

3.1 Microsaccade and Saccade frequency 

A repeated measures ANOVA carried out on 
microsaccade frequency (Figure 4) revealed a significant 
general effect (F (2,28)=6.67 p= .01) across the 
experimental runs. Since planned contrasts revealed no 
significant differences within the dual-task conditions [1- 
2- 3- 4] and the dual-task SuRT conditions (easy and 
difficult), these values were averaged. A planned contrast 
on microsaccade frequency between baseline VS control 
was not significant, possibly indicating no changes due to 
practice or fatigue. Contrasts baseline VS dual-task (F 
(1,14)=6.92 p= .02) and control VS dual-task (F 
(1,14)=8.64 p= .01) revealed microsaccade frequency to 
significantly increase in the dual-task conditions. Though 
absolute frequency of microsaccades increased in the 
dual-task condition, the frequency of larger saccades 
increased even more, consistent with the theory that 
microsaccades serve to refresh the retinal image 
(Martinez-Conde et al., 2006; Engbert & Mergenthaler, 
2006). 
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Exploring saccade distribution, a clustering analysis 
(K-means) was performed and two amplitude categories 
were found: 

- from 1° to 10° (labelled short); 

- from 10° to 60° (labelled medium-high). 

A repeated measures ANOVA carried out on short 
saccade frequency revealed no significant effects. 
However, a repeated measures ANOVA carried out on 
medium-high saccade frequency (Figure 4) revealed a 
significant general effect (F (2,28)=69.63 p< .01) across 
the experimental runs. Since planned contrasts revealed 
no significant differences within the dual-task conditions 
[1- 2- 3- 4] and the dual-task SuRT conditions (easy and 
difficult), these values were averaged. A planned contrast 
on medium-high saccade frequency between baseline VS 
control was not significant, indicating no changes due to 
practice or fatigue. Contrasts baseline VS dual-task (F 
(1,14)= 76.61 p< .01) and control VS dual-task (F (1,14)= 
67.62 p< .01) revealed – as expected - medium-high 
saccade frequency to significantly increase in the dual-
task conditions because of the nature of the dual-task 
(continuously shifting gaze from road to IVIS and vice-
versa). 

Figure 4.  Microsaccades and medium-high saccades frequency 
distribution on the three experimental conditions (baseline, dual-task, 
control). 

3.2 Microsaccade and Saccade proportion 
Besides frequency, the proportions of microsaccades 

and saccades were calculated in order to assess the 
relative contributions of each saccade type in each 
condition. A repeated measures ANOVA carried out on 
microsaccades proportion revealed a significant general 
effect (F (2,28)=11.48 p< .01) across the experimental 
runs. Since planned contrasts revealed no significant 
differences within the dual-task conditions [1- 2- 3- 4] 
and the dual-task SuRT conditions (easy and difficult), 
these values were averaged. A planned contrast on 
microsaccades proportion between baseline and control 
was not significant. Contrasts  between baseline and dual-

task (F (1,14)=18.98 p< .01), and control VS dual-task (F 
(1,14)=12.83 p< .01) revealed microsaccades proportion 
to significantly decrease in the dual-task conditions, 
consistent with more demanding sensorimotor tasks in 
the literature (Winterson and Collewijn, 1976; Bridgeman 
and Palca, 1980). The saccadic distribution clustering 
adopted for saccades frequencies was maintained for 
studying saccade proportions. Considering the 
proportion, in the baseline condition microsaccades 
represent 49% of all saccadic events, short saccades 33%, 
medium-high saccades 17%, and saccades higher than 
60° of amplitude 1%. In the dual-task condition 
microsaccades represent 34% of all saccadic events, short 
saccades 23%, medium-high saccades 40%, and saccades 
higher than 60° of amplitude 3%. In the control condition 
microsaccades represent 46% of all saccadic events, short 
saccades 34%, medium-high saccades 19%, saccades 
higher than 60° of amplitude1% (Figure 5). Repeated 
measures ANOVA was carried out within the two 
saccadic amplitude categories. Since planned contrasts 
revealed no significant differences within the dual-task 
conditions [1- 2- 3- 4] and the dual-task SuRT conditions 
(easy and difficult), these values were averaged. Results 
returned significant general effect within the short (F 
(2,28)=5.94 p< .01) and medium-high (F (2.28)=35.40 p< 
.01) categories. The planned contrast on short saccadic 
amplitudes baseline VS control was not significant. 
Contrasts baseline VS dual-task (F (1,14)=5.50 p< .05) 
and control VS dual-task   (F (1.14)=9.61 p< .01) 
revealed short saccadic amplitudes to significantly 
decrease in the dual-task conditions. Planned contrast on 
medium-high saccadic amplitudes between baseline and 
control was not significant. Contrasts baseline VS dual-
task (F (1,14)=45.69 p< .01) and control VS dual-task (F 
(1.14)=36.02 p< .01) revealed medium-high saccadic 
amplitudes to significantly increase in the dual-task 
conditions. 

Figure 5. Microsaccades, short saccades and medium-high proportion 
distribution on the three experimental conditions (baseline, dual-task, 
control).  
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3.3 Fixation frequency and Average fixation 
duration 

A repeated measures ANOVA carried out on Fixation 
frequency revealed a significant general effect (F (2,28)= 
45.35 p< .01) across the experimental runs. Since planned 
contrasts revealed no significant differences within the 
dual-task conditions [1- 2- 3- 4] and the dual-task SuRT 
conditions (easy and difficult), these values were 
averaged. The planned contrast on Fixation frequency 
between baseline and control revealed an increased 
frequency in the control condition, which is very close to 
significance (F (1,14)= 4.50 p= .052). Although more 
fixations were found in the control condition compared to 
the baseline, the result is not statistically valid. Contrasts 
baseline VS dual-task (F (1,14)=45.11 p< .01) and 
control VS dual-task (F (1,14)=50.40 p< .01) revealed 
Fixation frequency to significantly increase in the dual-
task conditions. A repeated measures ANOVA carried 
out on Average fixation duration returned a significant 
general effect (F (2,28)=44.10 p< .01 across the 
experimental runs. Since planned contrasts revealed no 
significant differences within the dual-task conditions [1- 
2- 3- 4] and the dual-task SuRT conditions (easy and 
difficult), these values were averaged. The planned 
contrast on Average fixation duration baseline VS control 
was significant (F (1,14)= 6.78 p< .05), indicating 
changes that could be attributable to practice. Since 
shorter fixation durations were found in the control 
condition. Contrasts baseline VS dual-task (F 
(1,14)=49.39 p< .01) and control VS dual-task (F 
(1,14)=48.85 p< .01) revealed Average fixation duration 
to significantly decrease in the dual-task conditions, 
consistent with Miura (1986) and Underwood & Radach 
(1998) who found a decrease in fixation duration 
associated with a greater need for visual inspection 
because of greater scene complexity. 

In summary, analyzing frequency and proportion of 
microsaccades and saccades, different results were found. 
Whereas the frequency of microsaccades and exploratory 
saccades increases (medium-high saccades) in the dual-
task condition, where more visual workload occurs, the 
proportion of microsaccades and short saccades rate 
decreases in the dual-task condition concurrently with an 
increase of exploratory saccades (medium-high 
saccades). 

4. Discussion 

An important differentiation here underlined is 
between the frequencies of saccadic and microsaccadic 
events and their relative proportions. Considering the 
frequency of microsaccades and exploratory saccades, 
our results are consistent with Otero-Millan et al. (2008). 
In the dual task, our results show an increase of 
microsaccade frequency concurrently with an even larger 
increase of exploratory saccades. On the contrary, 
considering the proportion of microsaccades and 
exploratory saccades, our results are consistent with  
Martinez-Conde et al., (2006) and Engbert & 
Mergenthaler,  (2006), because smaller proportions of 
microsaccades occur in the dual task. However, we 
believe the distinction between frequency and proportion 
of events is important to keep in mind in interpreting 
other studies. Though microsaccades have been shown to 
correlate with attention shifts in certain very specific 
conditions (Hafed & Clark, 2002; Engbert & Kliegl, 
2003; Laubrock, Engbert, & Kliegl, 2005; Turatto et al., 
2007; Laubrock et al., 2010), their role remains in 
question for tasks requiring sustained periods of attention 
and a variety of skeletal motor responses. Some suggest, 
however, that microsaccades and attention are not 
associated (Kowler & Steinman, 1980; Tse, Sheinberg, & 
Logothetis, 2002; 2004; Horowitz et al., 2007a; 2007b, 
Laubrock et al., 2010).  

There may be a generalized function of 
microsaccades, and in support of this idea single-cell 
studies have shown that visual cortical spiking in 
occipital regions is correlated with microsaccades in a 
context-specific manner. One lab showed increased 
spiking about 50 ms after a microsaccade while 
presenting oriented bars to the receptive field of 
otherwise passively fixating monkeys (Martinez-Conde et 
al., 2000; Martinez-Conde et al., 2002). In a 
complementary condition where perception is suppressed, 
during binocular rivalry, spikes are suppressed in a 
function peaking about 100 ms after a microsaccade 
(Leopold and Logothetis, 1998). In the dual-task 
condition of our study, the frequency of microsaccades 
may have increased even while large saccades were 
increasing, in order to gain a more frequent sampling 
during the post-saccade periods. Other evidence of 
increased intensity of attention includes larger average 
pupil sizes, and more frequent but briefer blinks 
(Benedetto et al., 2011). Thus many indicators of mental 
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workload might work together to improve performance 
by keeping attention focused.  

One of the most promising applications of eye 
tracking research could be in the field of automotive 
design. Sight is the most important source of information 
in driving (Lansdown, 2000), and several eye movement 
metrics can be used to provide a vehicle with the capacity 
to assess in real-time drivers’ visual behavior and prevent 
accidents. According to our results, study of 
microsaccades and saccades for system design in 
automotive research can be informative about the online 
monitoring of driver visual workload. 

Although this study was carried out in a naturalistic 
environment, further applied research is needed to 
understand whether our dependent variables could be 
pulled out of laboratories and used in real driving 
condition where many other independent and latent 
variables occur. 

References 
Backs, R. W. & Walrath, L. C. (1992). Eye movement 

and pupillary response indices of mental workload during 
visual search of symbolic displays. Applied Ergonomics, 
23,  243–254. 

Beeler, G. W. (1967). Visual threshold changes 
resulting from spontaneous saccadic eye movements . 
Vision Research, 7, 769-775. 

Benedetto, S., Pedrotti, M., Minin, L., Baccino, T., 
Re, A., Montanari, R. (2011). Driver workload and eye 
blink duration. Transportation research part F, 14(3), 
199-208.  

Betta, E., Galfano, G., & Turatto, M. (2007). 
Microsaccadic response during inhibition of return in a 
target-target paradigm. Vision Research, 47, 428-436. 

Bridgeman, B., & Fisher, B. (1990). Saccadic 
suppression of displacement is strongest in central vision. 
Perception, 19, 103-111. 

Bridgeman, B., Hendry, D., & Stark, L. (1975). 
Failure to detect displacement of the visual world during 
saccadic eye movements. Vision Research, 15, 719-722. 

Bridgeman, B., & Palca, J. (1980). The role of 
microsaccades in high acuity observational tasks. Vision 
Research, 20, 813-817. 

Cui, J., Wilke, M., Logothetis, N.K., Leopold, D.A., 
and Liang, H.  (2009).  Visibility states modulation 
microsaccade rate and direction.  Vision Research, 49(2), 
228-36. 

De Waard, D. (1996).  The measurement of drivers' 
mental workload. PhD thesis, University of Groningen. 
Haren, The Netherlands: University of Groningen, Traffic 
Research Centre. 

Ditchburn, R. W. (1973). Eye-movements and visual 
perception. Oxford: Clarendon Press. 

Ditchburn, R. W., & Ginsborg, B. L. (1952). Vision 
with a stabilized retinal image. Nature, 170, 36-37. 

Ditchburn, R. W., & Ginsborg, B. L. (1953). 
Involuntary eye movements during fixation. Journal of 
Physiology, 119, 1-17. 

Engbert, R., & Kliegl, R. (2003). Microsaccades 
uncover the orientation of covert attention. Vision 
Research, 15, 1035-1045. 

Engbert, R., & Kliegl, R. (2004). Microsaccades keep 
the eyes' balance during fixation. Psychological Science, 
43, 431-436. 

Engbert, R., & Mergenthaler, K. (2006). 
Microsaccades are triggered by low retinal image slip. 
Proceedings of the National Academy of Sciences, 
103(18), 7192-7197. 

Galfano, G., Betta, E., & Turatto, M. (2004). 
Inhibition of return in microsaccades. Experimental Brain 
Research, 159, 400-404. 

Hafed, Z. M., & Clark, J. J. (2002). Microsaccades as 
an overt measure of covert attention shifts. Vision 
Research, 42, 2533-2545. 

Hafed, Z. M., Goffart, L., & Krauzlis, R. J. (2009). A 
neural mechanism for microsaccade generation in the 
primate superior colliculus. Science, 323, 940–943. 

Horowitz, T. S., Fine, E. M., Fenesik, D. E., 
Yurgenson, S., & Wolfe, J. M. (2007a). Fixational eye 
movements are not an index of covert attention. 
Psychological Science, 18, 356-363. 

Horowitz, T. S., Fine, E. M., Fenesik, D. E., 
Yurgenson, S., & Wolfe, J. M. (2007b). Microsaccades 
and attention: Does a weak correlation make an index? 
Psychological Science, 18, 367-368. 

DOI 10.16910/jemr.4.2.2 ISSN 1995-8692This article is licensed under a
Creative Commons Attribution 4.0 International license.



Journal of Eye Movement Research Benedetto, S., Pedrotti, M., & Bridgeman, B. (2011) 
4,(2):2, 1-10 Microsaccades and Exploratory Saccades in a Naturalistic Environment 
 
 

9 

Irwin, D. E. (1992). Memory for position and identity 
across eye movements. Journal of Experimental 
Psychology: Learning, Memory and Cognition, 18, 307-
317. 

ISO/DIS 26022 (2007), Road vehicles – Ergonomic 
aspects of transport information and control systems – 
Simulated lane change test to assess in-vehicle secondary 
task demand. ISO/TC 22/SC 13 - ICS 13.180; 43.040.15. 

Ko, H. K., Poletti, M., and Rucci, M. (2010). 
Microsaccades precisely relocate gaze in a high visual 
acuity task. Nature Neuroscience,13,1549-1553. 

Kowler, E., & Steinman, R. M. (1980). Small 
saccades serve no useful purpose. Vision Research, 20, 
273-276. 

Lansdown, T. C. (2000). Causes, measures, and 
effects of driver visual workload. In P. A. Hancock & P. 
A. Desmond (Eds.), Stress, workload, and fatigue (pp. 
351–369). Mahwah: Lawrence Erlbaum. 

Laubrock, J., Engbert, R., & Kliegl, R. (2005). 
Microsaccade dynamics during covert attention. Vision 
Research, 45, 721-730. 

Laubrock, J., Kliegl, R., Rolfs, M. & Engbert, R. 
(2010). When do microsaccades follow spatial 
attention? Attention, Perception, & Psychophysics, 72, 
683-694. 

Leopold, D.A. and Logothetis N.K. (1998). 
Microsaccades differentially modulate neural activity in 
the striate and extrastriate visual cortex. Experimental 
Brain Research, 123, 341-345. 

Martinez-Conde, S., Macknik, S. L., & Hubel, D. H. 
(2000). Microsaccadic eye movements and firing of 
single cells in the striate cortex of macaque monkeys. 
Nature Neuroscience, 3, 251-258. 

 Martinez-Conde, S., Macknik, S. L., & Hubel, D. H. 
(2002). The function of bursts of spikes during visual 
fixation in the awake primate lateral geniculate nucleus 
and primary visual cortex. Proceedings of the National 
Academy of Sciences, 99, 13920–13925. 

Martinez-Conde, S., Macknik, S. L., & Hubel, D. H. 
(2004). The role of fixational eye movements in visual 
perception. Nature Reviews Neuroscience, 5, 229-240. 

Martinez-Conde, S., Macknik, S. L., Troncoso, X. G., 
& Dyar, T. A. (2006). Microsaccades counteract visual 
fading during fixation. Neuron, 49, 297-305. 

Martinez-Conde, S., Macknik, S. L., Troncosco, X. & 
Hubel, D. H. (2009). Microsaccades: a 
neurophysiological analysis. Trends in  Neurosciences, 
32, 463-475. 

Matin, E. (1974). Saccadic suppression: A review and 
an analysis. Psychological Bulletin, 81, 899-917. 

Mattes, S. (2003). The lane change task as a tool for 
driver distraction evaluation. In: H. Strasser, H. Rausch & 
H. Bubb (Eds.), Quality of Work and Products in 
Enterprises of the Future (pp. 57-60). Stuttgart: 
Ergonomia Verlag. 

Mergenthaler, K., & Engbert, R. (2010). 
Microsaccades are different from saccades in scene 
perception. Experimental Brain Research, 203, 753-757. 

Miura, T. (1986). Coping with situational demands: A 
study of eye-movements and peripheral vision 
performance. In A. G. Gale, M. H. Freeman, C. M. 
Haslegrave, P. Smith, & S. P. Taylor (Eds.), Vision in 
vehicles (pp. 126-137). Amsterdam: North-Holland. 

O'Donnell, R.D., & Eggemeier, F.T. (1986). 
Workload Assessment Methodology. In K. Boff, L. 
Kaufman & J. Thomas (Eds.), Handbook of Perception 
and Human Performance, Vol. II: Cognitive Processes 
and Performance. New York: Wiley Interscience. 

Otero-Millan, J., Troncoso, X.G., Macknik, S.L, 
Serrano-Pedraza, I., Martinez-Conde, S. (2008). Saccades 
and microsaccades during visual fixation exploration, and 
search: Foundations for a common saccadic generator. 
Journal of Vision, 8(14), 1-18. 

Poletti, M., and Rucci, M. (2010). Eye movements 
under various conditions of image fading, Journal of 
Vision, 10(3), 1-18. 

Posner, M. I., & Cohen, Y. (1984). Components of 
visual orienting. In H. Bouma & D. G. Bouwhuis (Eds.), 
Attention and performance X: Control of language 
processes (pp. 531-556). Hillsdale, NJ: Erlbaum. 

Posner, M. I., Nissen, M. J., & Ogden, W. C. (1978). 
Attended and unattended processing modes: The role of 
set in spatial locations. In H. L. Pick & B. J. Saltzman 

DOI 10.16910/jemr.4.2.2 ISSN 1995-8692This article is licensed under a
Creative Commons Attribution 4.0 International license.



Journal of Eye Movement Research Benedetto, S., Pedrotti, M., & Bridgeman, B. (2011) 
4,(2):2, 1-10 Microsaccades and Exploratory Saccades in a Naturalistic Environment 
 

10 

(Eds.), Modes of perceiving and processing information 
(pp. 137-158). Hillsdale, NJ: Erlbaum. 

Pritchard, R. M. (1961). Stabilized images on the 
retina. Scientific American, 204, 72-78. 

Ratliff, F., & Riggs, L. A. (1950). Involuntary 
motions of the eye during monocular fixation. Journal of 
Experimental Psychology, 40, 687-700. 

Rayner, K., & Morris, R. K. (1990). Do eye-
movements reflect higher order processes in reading? In 
R. Groner, G. d'Ydewalle, & R. Parham (Eds.), From eye 
to mind. Information acquisition in perception, search, 
and reading (pp. 191-204). Amsterdam: North-Holland. 

Rolfs, M. (2009). Microsaccades: Small steps on a 
long way. Vision Research, 49, 2415-2441. 

Salvucci, D. D., & Goldberg, J. H. (2000). Identifying 
fixations and saccades in eye-tracking protocols. In A. T. 
Duchowsky (Eds.), Proceedings of the eye tracking 
research and applications symposium (pp. 71–78). New 
York: ACM Press. 

SMI – SensoMotoric Instruments (2009). Begaze 2.2 
manual. Germany: Teltow. 

Tse, P. U., Sheinberg, D. L., & Logothetis, N. K. 
(2004). The distribution of microsaccade directions need 
not reveal the location of attention. Psychological 
Science, 15, 708-10. 

Tse, P. U., Sheinberg, D. L., & Logothetis, N. K. 
(2002). Fixational eye movements are not affected by 
abrupt onsets that capture attention. Vision Research, 42, 
1663-1669. 

Turatto, M., Valsecchi, M., Tame, L., & Betta, E. 
(2007). Microsaccades distinguish between global and 
local visual processing. Neuroreport, 18, 1015-1018. 

Underwood, G., & Radach, R. (1998). Eye guidance 
and human information processing: Reading, visual 
search, picture perception, and driving. In G. Underwood 
Eds.), Eye guidance in reading and scene perception (pp. 
1-28). Oxford, England: Elsevier. 

Wickens, C.D. (2002). Multiple Resources and 
performance prediction. Theoretical Issues In 
Ergonomics Science, 3, 159-177. 

Wilson, G. F., & Eggemeier, F. T. (1991). 
Physiological measures of workload in multi-task 

environments. In D. Damos (Eds.), Multiple-task 
performance (pp. 329–360). London: Taylor & Francis. 

Winterson, B. J., & Collewijn, H. (1976). 
Microsaccades during finely guided visuomotor tasks. 
Vision Research, 16, 1387-1390.  

 Young, K. & Regan, M. (2007). Driver distraction: A 
review of the literature. In: I.J. Faulks, M. Regan, M. 
Stevenson, J. Brown, A. Porter & J.D. Irwin (Eds.), 
Distracted driving (pp. 379-405). Sydney, NSW: 
Australasian College of Road Safety. 

Zuber, B. L., & Stark, L. (1966). Saccadic 
suppression: Elevation of visual threshold associated with 
saccadic eye movements. Experimental Neurology, 16, 
65-79. 

Zuber, B. L., Stark, L., & Cook, G. (1965). 
Microsaccades and the velocity-amplitude relationship 
for saccadic eye movements. Science, 150, 1459-1460. 

DOI 10.16910/jemr.4.2.2 ISSN 1995-8692This article is licensed under a
Creative Commons Attribution 4.0 International license.


