
S1 File  - Measurement protocol  

 

In the following section, a description of every task and subject instructions is included. 

1. Fixations 

Visual fixation is highly dependent on the neural integrator. The neuronal integrator represents a 

distributed network of neurons in the brainstem and cerebellum. Furthermore, the omnipause neurons 

(in the nucleus raphe interpositus in the pons) and some focal cerebral areas are involved [1-4]. 

The protocol contains two trials of five fixations, of eight seconds each, at the center or an eccentric 

location (15 degrees of visual angle left or right or 10 degrees of visual angle up or down from the 

center).  The subject instruction is as follows:  “Look at the circle and follow it when it jumps to another 

position. The dot will sometimes remain at one location for quite a long time.”  

2. Horizontal pro-saccades 

The possibility to make saccades in different directions is primarily based on the control of the six 

extra-ocular muscles by the lower motor neurons. The three ocular motor nuclei (figure 1) in the 

brainstem have internuclear connections (through the medial longitudinal fasciculus, MLF) and are 

activated by premotor burst neurons. For horizontal movements, these are located in the paramedian 

pontine reticular formation (PPRF).  The accuracy of a saccade relies on areas in the cerebellum 

(dorsal vermis and fastigial nucleus), and the superior colliculus is an important structure for initiation 

of the saccades [1-3].  

The protocol contains five trials of 12 pro-saccades from the center to an eccentric location, either 8 or 

15 degrees of visual angle left or right of the center.  Each location is addressed trice in each trial, in a 

random order. The eccentric target appears for 1.5 seconds, after a fixation period at the center with a 

random duration between 1.0 and 3.5 seconds. The first trial is preceded by a practice trial, containing 

four pro-saccades. The subject instruction is as follows: “Look at the circle and follow it when it jumps 

to another position. The target will only be displaced horizontally.” 

3. Anti-saccades 

Anti-saccades are saccades directed opposite to a target location. They are a measure of cognitive 



function,  primarily dependent upon the integrity of frontal and parietal region. The two main areas 

involved are the dorsolateral prefrontal cortex, mainly responsible for inhibition of the reflexive 

response,  and the frontal eye field,  mainly responsible for (fast) initiation of the correct response. The 

cingulate eye field, supplementary eye field and posterior parietal cortex are additional areas involved 

[2, 3, 5, 6]. 

The protocol contains four trials of 10 anti-saccades from the center to an eccentric location . The 

eccentric location is 8 degrees of visual angle left or right of the center, both addressed five times in 

every trial, in a random order. The eccentric target appears for 1.5 seconds, after a fixation period at 

the center with a random duration between 1.0 and 3.5 seconds. The subject has to make a saccade 

in the opposite direction. The target will appear at the side of fixation for 750 ms, and at that point the 

subject has to fixate it. The first trial is preceded by an example trial (in which arrows are used for 

instructions) and a practice trial, both containing four anti-saccades. 

The subject  instruction is a follows: “Look at the circle, when it jumps to the left or right, look in the 

exact opposite position. Look back at the target when it appears on this side. Note this task is different 

to the one you have just performed. I will show you an example first.” 

4.  Express saccades 

Express saccades are short-latency saccades, after appearance of a stimulus with a gap period.  The 

possibility to make these saccades is mainly dependent on function of the superior colliculus (figure 1) 

[2, 3]. 

The protocol contains three trials of 10 express saccades from the center to an eccentric location,  

either 8 degrees of visual angle left or right from the center. Each location is addressed five times in 

each trial, in a random order. After a fixation period at the center with a random duration between 1.0 

and 3.5 seconds, the central target will disappear and after a time interval of 200 ms, it appears at an 

eccentric location. The first trial is preceded by a practice trial, containing four express saccades.  

The subject instruction is as follows: “Look at the circle and follow it when it jumps to another position. 

The target will only be displaced horizontally.” 

5. Double-step saccades 

Double-step saccades are saccades towards two stimuli that are quickly presented in succession at 



two different locations, at which retinal-spatial dissonance is created (both targets have disappeared 

before the first saccade). Correct execution of the second saccade requires knowledge about the first 

saccade’s metrics, without visual feedback. The mechanism probably used for this purpose is the 

corollary discharge, which gives an internal copy of an impending motor command.
 
Important for this 

mechanism are the posterior parietal cortex, parietal eye field and central thalamus (figure 1). 

Additionally the supplementary eye field, frontal eye field and superior colliculus are involved [2, 3, 7-

9]. 

The protocol contains five trials of 12 double-step saccades from the center to four eccentric locations. 

The location of the first target is either 8 degrees of visual angle left or right from the center, the 

location of the second target is always 8 degrees from the first target, oriented up of down and 45 

degrees more to the center than the first target (see figure  3).  Each combination of locations is 

addressed trice in each trial, in a random order. Target one and two will appear in sequence, visible for 

67 ms each, after a fixation period at the center with a random duration between 1.0 and 3.5 seconds. 

The subject has to make saccades to the two locations in order of appearance. The target will re-

appear for 750 ms at the second location after an interval of 1.0 second,  the subject has to fixate it. 

The first trial is preceded by a practice trial, containing four double-step saccades. 

The subject  instruction is as follows: “Look at the circle. It will quickly jump to two different locations, 

follow it quickly in the order of their appearance. It will reappear at the last location, look at it.” 

The instructions between the trials is as follows: “Keep looking at the dot in the order of its 

appearance”. 

6. Repeated pro-saccades 

Repeating the saccades task can test ocular motor fatigability and could probably provide an objective 

test to discriminate between fatigued and non-fatigued patients, related to subjective fatigue displayed 

on self-rated questionnaires [10, 11].  

The protocol contains three trials of 10 pro-saccades from the center to an eccentric location, either 8 

degrees left or right from the center.  Each location is addressed five times in each trial, in a random 

order. The eccentric target appears for 1.5 seconds, after a fixation period at the center with a random 

duration between 1.0 and 3.5 seconds. The first trial is preceded by a practice trial, containing four 

pro-saccades. 



The subject instructions is as follows: “Look at the dot and follow it when it jumps to another position. 

The target will only be displaced horizontally.” 
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