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Summary 
It is accepted that the formulation of the motor program in the 
brain is not only the perceptual and motor function but also the 
cognitive one. Therefore it is not surprising that the execution of 
saccadic eye movements can by substantially affected be the on-
going mental activity of a given person. Not only the distribution 
of attention, but also the focusing the attention may influence 
the main gain of saccades, their accuracy. Patients suffering from 
mental disorders have strongly engaged their attention focused 
at their mental processes. The nature of their problems may be 
linked to perceptual and/or analytical processing. Such so-called 
mental set may significantly affect their oculomotor activity in the 
course of their saccadic eye movement examinations. This short 
comment points out not only to the influence of the contextually 
guided and generated saccadic eye movements upon their 
accuracy but also to the distribution and focusing the attention. 
The effect of the functional brain asymmetry upon the visually 
generated saccades and the possible effect of biologically active 
substances upon the voluntary generated saccades are briefly 
mentioned. All these influences should be taken into account 
when planning the saccadic eye movement task. It may be 
concluded that the repetition of the same oculomotor task in 
a given person has to be introduced. This may help to follow the 
effect of complex therapy namely. 
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Introduction 
 

The visual-oculomotor integration represents the 
most subtle as well as the most precise kind of 
sensorimotor integration. The study of this integration 
offers the possibility to analyse its “peripheral” 
(oculomotor) and “central” (EEG) correlates completed 
with the subjective statements concerning the particular 
examination. The mechanisms of sensorimotor 
integration are affected also by the fronto-parietal 
reciprocal connections forming rather largely segregated 
circuits. They can be “specialized” for several specific 
aspects as e.g. the motivation, memory, long-term plans 
of a subject and others (Rizzolatti and Lupino 2001). 
Moreover, the fronto-parietal cortico-cortical connections 
via thalamus are very probably engaged also in some 
non-specific supramodal influences. We have shown this 
with modulation of frontal somatosensory evoked 
potentials and parietal saccadic eye movement related 
potentials by various cognitive demands (Jergelová et al. 
1996, Jagla et al. 1999). It is quite clear that such 
mechanisms may be affected in patients suffering from 
various mental disorders quite strongly. 

As it is known, as early as 1908 Allen R. 
Diefendorf and Raymond Dodge published an article in 
Brain entitled ‘‘An Experimental Study of the Ocular 
Reactions of the Insane from Photographic Records”. 
Their article took the initiative for following studies 
relating description of the changes in the oculomotor 
activity of psychiatric patients in order to assess their 
possible use as a one of the additional diagnostic criterion 
for a given disorder. The use of oculomotor tests in 
psychiatry steadily grows since the work of Holzman 
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et al. (1973). Ten years after the Holzman group can 
publish even a review of similar studies (Lipton et al. 
1983). Over the last 40 years the saccadic eye movements 
became as an important area of oculomotor research in 
psychiatric disorders. In the last years some their very 
special characteristics are analyzed as a possible 
endophenotype of a particular disorder.  

Saccadic eye movements (SEM) are a short and 
very rapid eye movement that can be voluntary or 
reflexive. They are for capturing the image of interest 
then projecting it onto the most sensitive part of the 
retina, into the fovea centralis. The patients with mental 
disorders show irregularities in the process of 
sensorimotor integration of course of SEM patterns. As 
the diagnostic tools following three types of saccades are 
used: a) The visually guided SEM (or pro- or reflexive 
SEM; Pierrot-Deseilligny et al. 1991a) are reflexive eye 
movements toward the randomly appearing visual 
stimulus in the visual field, b) The so-called antisaccades 
(O’Driscoll et al. 1995) which means instead of looking 
at the target when it suddenly appears in the visual field 
the subjects are instructed to look quickly in the opposite 
direction and trigger a voluntary saccade of equal 
amplitude and c) The memory guided saccades (Pierrot-
Deseilligny et al. 1991b). The subject is fixating the 
central visual target and another visual stimulus is 
presented for a short time in the periphery. After 
switching the central fixation point of the subject makes 
a saccade toward the remembered position of the 
peripheral visual stimulus. In this short review the 
visually guided saccades are taking into account. 

In healthy people the visually guided SEM are in 
95 % accurate. The rest may overshoot or undershoot the 
desired landing position and the saccade is followed by 
a corrective one. This is the reason why this comment 
emphasizes the saccadic accuracy as a main saccadic 
parameter to be taken into account. In is well known that 
the other saccadic parameters change with aging. SEM 
latency is increasing with increasing age (Warabi et al. 
1984). With increasing age a strong decrease of peak 
velocity with a simultaneous slight increase of SEM 
duration was found (Carter et al. 1983). Also the decrease 
of the SEM amplitude with increasing age was described 
(Irving et al. 2006) but it does not mean the change of the 
accuracy. 

The programming of saccadic eye movements 
(SEM) is a result of complex perceptual, volitional and 
cognitive processes. There was repeatedly demonstrated 
that programming and execution of saccades are 

influenced by a wide range of cognitive processes, 
including those involved in attention, working memory, 
learning, long term memory and decision making. The 
analysis of SEM in healthy volunteers provide the 
suitable opportunity to study the question how the brain 
integrates the overall visual, acoustic, and somestetic 
information and the internally generated cognitive 
demands in the common every day’s human behavior. 
The cortical and subcortical mechanisms involved in the 
control of the SEM were at some length even described 
(Sweeney et al. 2007, McDowell et al. 2008). Quite a lot 
of studies list several abnormalities in the SEM in 
a variety of psychiatric and neurological disorders. The 
reality is that there exists a noticeable variability in 
saccadic oculomotion not only in a particular disorder but 
across the all categories of disorders as well. The same 
conclusion stated Gooding and Basso (2008) who pointed 
to the fact that it may be instructive to administer 
multiple permutations of the same oculomotor task in the 
same study. 

Concerning the oculomotor activity there are at 
least two very important issues which should be kept in 
mind with psychiatric patients in particular. Sensory and 
motor information conveyed in the central nervous 
system are being decoded and transformed during their 
processing at various levels of the central hierarchy. Over 
the last decades evidence has been accumulated that there 
exist some rather non-specific neuronal circuits of the 
human brain which take part in modulation of the 
information processing with respect to the more general 
CNS activation level. Among such non-specific 
influences upon the brain oculomotor activity the 
focusing of the attention, mental set, or mental 
imagination may be mentioned (Jagla et al. 1999, 
Jergelova et al. 1996, Jeannerod 1994). 

All three above mental activities can be 
active/passive in varying degrees in patients with mental 
disorders and can significantly affect their oculomotor 
activity. As for the mental set influence the very 
illustrative are recordings of the saccadic eye movements 
made by Yarbus (1967) in a healthy subject when 
viewing the famous image „Un unexpected visitor“ 
painted by I. E. Repin. The subject examined the 
reproduction with both eyes under following instructions: 
1) Free examination of the picture; 2) estimate the 
material circumstances of the family in the picture; 
3) give the ages of the people; 4) surmise what the family 
had been doing before the arrival of the unexpected 
visitor; 5) remember the clothes worn by the people; 
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6) remember the position of the people and objects in the 
room; 7) estimate how long the unexpected visitor had 
been away from the family. Seven different instructions 
what does the subject should inspect in the picture and as 
the result seven different scanning strategies could be 
seen. The effect of the mental set – that is contextually 
guided and internally generated visual scanning of the 
given picture by saccadic eye movements – is very 
impressive. As Lévy-Schoen et al. (1989) have pointed 
out the theories of visuomotor mechanisms must take into 
account not only the classical ‘retinal error’ input signal, 
but also perceptual and decisional factors as well as task-
specific strategies adopted by the subjects. In a simplex 
experimental model situation Dyckman et al. (2007) 
demonstrated that the saccade-related brain activity is 
affected by context and controlled by different networks 
of cortical and subcortical regions. Therefore, it is not 
surprising that Hauert (1986) has formulated the 
hypothesis that the motor function is a cognitive function 
also. Between setting the purpose of movement and its 
actual execution, integration takes place between 
motivational, perceptual, and previously overlearned 
motor components. This all together should be regarded 
as the preparation of a motor program (de Jong et al. 
1999). 

Very closely related to the mental set is the type 
of the hemispheric activation induced by the easily 
verbalized and/or non-verbalized scenes of on-going 
mental images of subjects. The higher saccadic accuracy 
and the shorter SEM preparation time was found with 
suspected higher right hemisphere activation in the 
pronounced right-handers, that is with saccades directed 
to the left as compared to their rightward direction. This 
finding supports the presupposed existence of the non-
specific information processing within the specific visual 
and visual-oculomotor neuronal loops while distracting 
the attention from visual stimuli by on-going mental 
activity (Jagla et al. 1997). 

The attention is an another important factor 
affecting the various parameters of the SEM. Corbetta 
et al. (1998) demonstrated that the attention and eye 
movement processes are not only functionally related, as 
originally suggested by psychological studies, but also 
share functional anatomical areas in the human brain. 
Shepherd et al. (1986) have shown that while it is 
possible to perform the shift of the attention focusing 
without making corresponding eye movements, it is not 
possible to make an eye movement (in the absence of 
peripheral stimulation) without making a corresponding 

shift in the focus of attention. Attention is the very 
important factor affecting the latency and accuracy of 
saccades. The latency to plan and execute the most 
naturally occurring saccades (10-15°, Bahill et al. 1975) 
when a healthy subject jumps from one visual target to 
another is usually about 200 ms (Carpenter 1988). The 
actual movement takes 30-60 ms. The saccadic durations 
are approximately linearly related to their angular 
displacements from 1° to 50° (Yarbus 1967). Their 
angular velocity is greater with larger saccades of longer 
duration (Boghen et al. 1974) and may reach 500-600° 
per second. Saccadic velocity is slower in CNS 
pathologies (Baloh et al. 1975). The accuracy of saccades 
as also their velocities became variable not only in CNS 
pathologies but also when the subject is tired (Bahill 
et al. 1981). 

In addition, the accuracy of horizontal saccades 
depends upon the functional brain asymmetry also and of 
the vertical saccades on their upward and downward 
direction (Jagla et al. 1992). The more accurate saccades 
are to the left in right-handers and to the right in 
lefthanders and when directed upwards (Jagla and 
Zikmund 1981). Another factor should also be considered 
is the dependence of the saccadic amplitude upon the 
general shape of the visual stimulus (Over et al. 2007). 
Taking into account all the above factors we studied the 
timing of programming and execution of the horizontal 
saccades by means of the parietal recorded SEMRPs 
(Armington 1978, Jagla and Zikmund 1994, Jagla et al. 
2007, Marton et al. 1983, Thickbroom and Mastaglia 
1986). The SEMRPs were recorded also when the 
saccades were directed to the right or left visual hemifield 
whereas the visual attention was focused to the given 
hemi field or to the contralateral one. The longer duration 
of the premotion positivity and the increased latency of 
the maximal recruitment of the oculomotor muscle units 
at the onset of the saccade (the so-called spike potential – 
SP) were found when the saccadic eye movement was 
elicited by a target suddenly appearing in the not attended 
visual hemifield comparing to its appearance in the 
attended one (Jagla et al. 1994). The left/right differences 
due to the functional brain asymmetry are well-preserved 
in healthy subjects but they could be lost in patients 
suffering from certain mental problems (depressive 
behavior, panic disorder, etc.) (Jagla et al. 2002, 2003). 

Moreover, the on-going mental activity during 
the oculomotor task is the very good example of the 
effect of divided attention upon the programming the 
saccadic eye movements. In our another study the 
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subjects were asked to catch as fast and accurate as 
possible the visual target appearing suddenly at the 10° 
distance from the central fixation point. Following this 
part of examination they were asked to repeat this but to 
perform during the oculomotor test the mental arithmetic 
task and consecutively the mental imagery task. The 
shortest duration of the premotion positivity and of the 
SP latency were registered during the basal condition. 
The longer values were found with mental arithmetic task 
and longest ones with mental imagery task. The same is 
true as for the number of corrective saccades due to the 
decreased accuracy of saccades at concurrent visual and 
mental activities (Jagla et al. 1999). In all conditions the 
time of the first cortical encoding the novel visual 
information was not affected which confirm the fact that 
there were no problems with visual perception as such. In 
both the above experimental studies, that is with 
focused/non-focused and distributed/non distributed 
attention the relation to the functional brain asymmetry 
was preserved. Our results concerning the accuracy of the 
saccadic eye movements when distracting the attention 
from visual stimuli support the idea that within the 
specific visual and visual-oculomotor neuronal loops 
some non-specific information are processed which 
probably requires a certain engagement of working 
memory. 

Apart from the analyzing the results of the 
antisaccadic task (for a more comprehensive review see 
Hutton 2008) the promising tool in the study of 
pathophysiological mechanisms involved in various 
mental disorders is the memory-guided saccade task 
(Pierrot-Desseiligny et al. 1991b). The memory guided 
saccades are voluntary movements of eyes and not 
a reflexive towards a new visual stimulus. It is quite 
understandable that in this case the more interesting 
correlate will be their accuracy, respectively changes in 
their accuracy because they are in principle less accurate 
than visually guided saccades. Visually guided saccades 
are in 95 % accurate in general, the memory guided 
saccades can be accurate in 70 % or less. The inaccuracy 
of the visually guided saccades does not exceed 0.5° 
when the saccade is made between two visual target 
separated by 10°. Usually only one corrective saccade is 
enough to correct the inaccuracy and the latency of 
correction is affected also by the functional brain 
asymmetry (Jagla and Zikmund 1981). The inaccuracy of 
memory guided saccades in the same experimental 
condition reach 1.2-1.5° and is frequently corrected by 
more than one corrective eye movement. In such a case 

the latency of corrective saccades is not affected by the 
functional brain asymmetry (Cimrova et al. 2011). When 
recording the memory guided saccades and the 
experimental task demands patients to direct the glance to 
different regions in the visual field the results may help to 
assess his/her spatial orientation, spatial memory and 
attention functions. The medication of patients is very 
important in this case. We were able to document that 
even the single consumption of “physiologically” natural 
substances are able to influence significantly the accuracy 
of the memory guided saccades and the number of 
corrective saccades as well (Cimrova et al. 2011).  
 
Conclusions 
 

The majority of everyday visual processing 
requires 3-4 saccades per second (Findlay and Gilchrist 
2003) and their amplitudes may vary from a few degrees 
up to 130 deg of arc (Land 2004). It was demonstrated 
that the visual target selection is predominantly controlled 
by the task demands required from the subject (Findlay 
1997). In relation to persons with mental disorders the 
task demands may have significantly lower priority than 
the internal world of a given patient as opposed to 
a higher priority in case of healthy volunteers (Foulsham 
and Underwood 2008). Moreover, emotional content and 
interindividual difference may significantly affect the eye 
movement behavior as well (Calvo and Avero 2005, 
Wong et al. 2005). In healthy humans the brain functions 
as receiving, processing, storing information and creating 
proper answers lead to functional and structural changes 
within the brain described as the neuroplasticity. It 
enables subjects to adapt their behavior according to 
external and internal conditions. Dysregulation of 
plasticity is supposed to play a role in a variety of 
neuropsychiatric disorders (Drewets 2000, Moghaddam 
and Homayoun 2008, Pittenger and Duman 2008). Such 
dysregulation can explain also the disordered visual-
oculomotor integration in persons suffering from various 
mental problems. It can be also taken as an good 
argument why the particular oculomotor finding cannot 
be assumed as specific for a given mental disorder. 
Moreover, up to now there is no knowledge on how the 
specific neuroplasticity changes as such look like, on one 
hand, and the fact that the attentional and memory 
influences can be hardly separately assessed, on the 
second hand. The disordered brain functions are the result 
of many complex processes and without the functioning 
neuroplasticity the disordered brain functions and their 



2016  Saccades and Mental Disorders   S369  
 

regulatory mechanisms could be never regained. The 
methodological variability as also the conflicting results 
in the literature point a need to improve the experimental 
paradigms. 

Saccadic eye movement changes appear to be 
involved in the psychiatric disorders and may be 
considered a possible marker of some disorders. It may 
be supposed that the changes in the saccadic behavior as 
well as in its EEG correlates may help well to follow up 
the course of the complex therapy. Similar point of view 
was formulated by Trillenberg et al. (2004) and Reilly 
et al. (2008). And as pointed above it is really demanding 
to administer multiple permutations of the same saccadic 
oculomotor task in the same study with the same subject. 
And only then such parameter as an improvement of the 

oculomotor behavior may be taken as a possible 
additional characteristic of the improvement of the actual 
health status of a given patient. To find some general and 
common characteristics of the particular intraindividual 
improvements is the task for future research in the area of 
the saccadic eye movement behavior characteristics in 
relation to mental disorders.  
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