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Abstract 

Saccades are eye movements that swiftly move our gaze from one phenomenon to another. 

Studies have shown that the parameters of saccades can be affected by the properties of the 

stimulus. Based on this evidence the hypothesis is that size and contrast of a target stimulus 

can have an effect on the latency and peak velocity of saccades. There were 12 participants 

that focused on a center stimulus which disappeared and simultaneously a target stimulus 

appeared 8° to the left or right of the center stimulus. The target stimulus varied between 

seven sizes and seven stages of contrast. Peak velocity seemed to be unaffected by size and 

contrast of the target stimuli as there was no significant difference in the mean peak velocities 

between the levels of the size task and the contrast task. The latency, however, was affected 

by the size of the target stimulus but contrast was not found to have any significant effect, 

though it did display a trend of shortening the average latency. Furthermore, the size task had 

a slightly shorter latency than the contrast task. This shows that the properties of stimuli 

should be kept in mind when carrying out saccadic experiments. Moreover, when comparing 

the results of studies one also needs to keep in mind that the methods used can vary. 
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Ágrip 

Augnstökk eru augnhreyfingar sem færa áhorf okkar snarlega frá einu áreiti yfir á annað. 

Rannsóknir hafa sýnt að eiginleikar áreita geta haft áhrif á eiginleika augnstökka. Á þessum 

rökum var sú tilgáta reist að stærð og birtuskil markáreitis geti haft áhrif á viðbragðstíma og 

hámarkshraða augnstökka. Það voru 12 þátttakendur sem einblíndu á miðjuáreiti sem hvarf og 

samtímis birtist markáreiti 8° vinstra eða hægra megin við miðjuáreitið. Markáreitið birtist í 

sjö mismunandi stærðum og stigum birtuskila. Hámarkshraðinn virtist ekki verða fyrir 

áhrifum, hvorki frá stærð né birtuskilum markáreitis þar sem það var ekki marktækur munur á 

meðalhámarkshraða eftir skilyrðum stærðar- og birtuskilsverkefnisins. Hins vegar varð 

viðbragðstíminn fyrir áhrifum frá stærð markáreitisins en það fundust engin marktæk áhrif frá 

birtuskilunum þó svo að þau hafi sýnt tilhneigingu til þess að stytta meðalviðbragðstíma. 

Jafnframt var viðbragðstími stærðarverkefnisins eilítið styttri en birtuskilsverkefnisins. Þetta 

sýnir að það þarf að hafa eiginleika áreita í huga þegar verið er að rannsaka augnstökk. 

Jafnframt þarf að huga að þessu þegar verið er að bera saman niðurstöður rannsókna því 

aðferðir við gagnasöfnun geta verið mismunandi. 
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Introduction 

When we are out for a stroll and see a bird flying we can follow it with our eyes without much 

effort and still keep it in focus. Even if it flies behind a tree we can still follow it because our 

brain has anticipated its movement so our eyes can follow the bird's movements even though 

it goes out of sight for a glimpse (Leigh & Zee, 2015). This is one of the reasons why we 

should study eye movements, for the beauty of understanding how we perceive things. 

Furthermore, it can be used both to investigate brain functions and in conjunction with other 

techniques to diagnose disorders that have neurological basis like Parkinson’s disease 

(Vidailhet et al., 1994) and schizophrenia (Sereno & Holzman, 1995). The diagnostic value of 

eye movements is due to how easily they are measured and consequently the precision of the 

measurement (Leigh & Zee, 2015). Saccades, one type of eye movements, are especially 

popular in this means because they are rather well understood and are easily measured due to 

their dynamic properties (Leigh & Kennard, 2004). 

When waking up in the morning you open your eyes and rays of light enter your eyes. 

Before the light can get to your retina in the back of your eye it goes through your transparent 

cornea and lens and the vitreous humor (Kolb, 2007). When the image lands on your retina it's 

upside down and two dimensional (Rogers, 2011). However, where it lands on your retina is 

essential to visual acuity. To get the best focus on an object of interest the image of it has to 

go on the part of the retina called fovea (Kolb, 2007). As the image moves further away from 

the fovea and towards the peripheral retina, visual acuity drops (Rogers, 2011). In the retina 

are cells called rods and cones that can convert the information from the photons into 

chemical and electrical messages. Once these messages have been translated they can be 

processed by the rest of the neurons in the retina on their way to the optic nerve via the 

ganglion cells. The optic nerve consists of the ganglion cells axons and it transports the 

message to the brain (Kolb, 2012; Rogers, 2011) where the information from both eyes is 

integrated to form a three dimensional image which is turned so it is not upside down 

anymore (Rogers, 2011). 

There are five basic types of eye movements: saccades, smooth pursuit, optokinetic, 

vestibular and vergence movements. All of them are conjugate eye movements except for 

vergence movements where the eyes rotate in opposite directions, either both eyes move 

lateral or medial. Smooth pursuit is the ability that enables us to see a smoothly moving 

phenomenon in focus. Even if we briefly lose sight of a particular object we can still pursue it 

when it pops up again due to the fact that we form predictive smooth-pursuit movements 

which anticipate the location of the object when it resurfaces (e.g. when a football goes 
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behind a football player during a match). Vestibular movements compensate for brief 

movements of the head and the body by holding the image of what we are looking at, each 

time, steady on the retina. However, during a sustained rotation it's the optokinetic 

movements that hold the image steady on the retina (Leigh & Zee, 2015). Saccades are eye 

movements that swiftly move our gaze from one phenomenon to another in our environment 

(Ramat, Leigh, Zee, Shaikh & Optican, 2008). 

Saccades alter our gaze so that the image of the phenomenon that interests us falls on the 

fovea (Leigh & Zee, 2015). These eye movements can either be voluntary or involuntary and 

are the fastest eye movements (Wirtschafter & Weingarden 1988; Leigh & Zee, 2015). 

Normal saccades are said to be ballistic due to their high velocities and short span, but that is 

not entirely true. The span of most saccades is usually less than 100 milliseconds, so once the 

saccade begins there is not enough time for visual information to have an effect on it. 

However, factors presented before the movement starts can modify the saccade in the process, 

so the central nervous system can change a saccade despite its programming has started 

(Leigh and Zee, 2015). 

Saccades can be divided into three categories: Express saccades, microsaccades and 

regular saccades (Jóhannesson, 2014). Express saccades have a latency around 100 

milliseconds, dependant on the attributes of the target and the practice a subject has had 

(Mayfrank, Mobashery, Kimmig & Fischer, 1986). When Edelman and Keller (1996) studied 

monkeys they found that the relationship between peak velocity and amplitude was on 

average the same for express saccades as it was for regular saccades. Furthermore, they saw 

that the express saccades were more hypometric than other saccades. In spite of the short 

latency of the express saccades and their hypometric nature, Edelman and Keller (1996) found 

that the responses elicited were evidently not anticipatory but visually guided. Microsaccades 

are fast and involuntary eye movements that take place while attempting to fixate on an object 

(Engbert & Kliegl, 2004; Leigh & Zee, 2015). Microsaccades are small-scaled movements 

and their amplitude rarely exceeds 1°. They are rather frequent in a course of a day and have 

an occurrence rate around one to two every second (Engbert & Kliegl, 2004). The link 

between peak velocity and amplitude is the same for microsaccades as it is for larger saccades 

(Leigh & Zee, 2015). Since regular saccades, namely prosaccades, to be exact, are the subject 

of this thesis we will concentrate more on them. 

Regular saccades can be further categorized into prosaccades and antisaccades. 

Prosaccades occur when a saccade is done towards an eccentric stimulus, which all of a 
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sudden appears, from a point of fixation. Antisaccades, however, are in the opposite direction. 

That is, the saccade is from the fixation point and in the opposite direction to the suddenly 

appearing eccentric stimulus. Prosaccades can include volitional planning but they don't rely 

on it. They have an undeviating sensory-to-motor coherence between the saccades goal and 

the location of the eccentric stimulus (Dafoe, Armstrong & Munoz, 2007). On the other hand, 

in order to do an antisaccade one must suppress the very automatic response of saccading 

towards the eccentric stimulus, called direction error in antisaccade tasks, and then make a 

volitional response, in the opposite direction, towards the none-stimulus location (Dafoe et al., 

2007; Klein, Foerster, Hartnegg & Fischer, 2005). Therefore, unlike the prosaccade, the 

saccades goal and the location of the stimulus are different. Furthermore, the antisaccade can 

dissociate the sensory-to-motor effects of direction, for the processing of the saccade and the 

processing of the stimulus occur in opposite sides of the brain (Dafoe et al., 2007). 

There are a lot of brain areas involved in generating saccadic eye movements and in spite 

of what once was thought, there is evidence that suggests that the cortical signals for 

generating saccades are not only conveyed through the superior colliculus (SC) (Schiller, True 

& Conway 1981; Keating & Gooley, 1988b), though there is still some controversy 

concerning this (Hanes & Wurtz, 2001). After a few findings depicted that a saccade could 

still be made from the frontal eye field (FEF) and the supplementary eye field (SEF) after 

ablation of the SC, but could not be made from the posterior cortex, it suggested that there are 

more than one stream involved in the generation of a saccade (Schiller, 1977; Keating, 

Gooley, Pratt & Kelsey1983; Keating & Gooley, 1988a; Tehovnik, Lee & Schiller, 1994). It 

was hypothesized that there are two major streams and they are called the anterior stream and 

the posterior stream. The anterior stream goes from the FEF and the SEF and straight to the 

brainstem oculomotor centers. The posterior stream goes from the occipital cortices through 

the superior colliculus and to the brainstem oculomotor centers. The parietal cortex is 

interconnected with both the posterior and the anterior stream (Schiller & Tehovnik, 2001). 

Hanes & Wurtz (2001), however, found that saccades could not be made from the FEF and 

SEF after ablation of the SC and suggested that the reason for opposite results was due to 

neural plasticity within the saccadic system not because there was another stream involved in 

the generation of saccades. 

Schiller and Tehovnik's (2001) findings indicate that both streams participate in the 

process of selecting the target to which a saccade is to be made, though they do so differently. 

In the anterior stream, mainly the FEF, but also SEF, take part in the correct execution of a 



  

10 

 

saccade after a decision has been made where to look and where not to. V1, V2 and the lateral 

intraparietal sulcus (LIP) are involved in the decision on where to look and where not to. 

Furthermore, LIP takes part in deciding for how long a fixation is to be maintained before 

executing a saccade (Schiller & Tehovnik, 2001). The results of Neggers, Raemaekers, 

Lampmann, Postma & Ramsey (2005) suggest that the FEF can exert volitional control over 

automatic orienting, whereas the SC generates automatic goal directed saccades. Although the 

lesion of the SC does not prevent the generation of a saccade it has been found to affect the 

latency of the saccade by increasing it (Schiller, Sandell & Maunsell, 1987). 

Saccadic latency is the time between a target appearance and the initiation of a saccade 

(Carter, Obler, Woodward & Albert, 1983). The latency for regular saccades has been found 

to be around 150-300 ms, depending on whether it's a prosaccade or an antisaccade (Boch, 

Fischer & Ramsperger, 1984). The latency for antisaccades has been found to be close to 300 

ms (Vergilino-Perez, Fayel, Lemoine, Senot, Vergne & Doré-Mazars, 2012), whereas it is 

around 180-220 ms for prosaccades (Mayfrank et al., 1986). However, the latency for both 

prosaccades and antisaccades can be either reduced or increased depending on when the 

fixation point is terminated. Consider prosaccades, if the termination of the fixation point and 

the onset of the target happens simultaneously the latency is around 200 ms. If there is an 

overlap between the onset and the termination the latency increases to around 250 ms, but if 

there is a gap between the onset and termination the latency drops to around 150 ms. This is 

called the gap effect (Saslow, 1967). 

Another much studied parameter of saccades is its peak velocity. The peak velocity of a 

saccade is the highest velocity reached by the eye during a saccade. The peak velocity for a 

saccade with the amplitude of 20° can be around 450°/s (Leigh & Zee, 2015). Amplitude has 

a relationship with peak velocity and also the duration of a saccade. The relationship is called 

the main effect and it entails the increase of both peak velocity and duration of a saccade 

when the amplitude increases. Bahill, Clark and Stark (1975) described the relationship as 

linear for small saccades but for large saccades it levels of and reaches a soft saturation limit. 

When it comes to duration the relationship is strong up until around 50° but the relationship 

with the peak velocity diminishes at around 20° (Leigh and Zee, 2015). Measurements of 

peak velocity have been found to vary greatly and one of the reasons is without a doubt the 

variety of recording methods and data analysis. However, there seems to be a large variability 

between test subjects in the same lab and even within one subject, so there are probably more 

factors at play here (Collewijn, Erkelens & Steinman, 1988). Abducting saccades are usually 
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faster than adducting ones and centripetal saccades tend to be faster than the centrifugal 

saccades (Collewijn et al., 1988; Lueck, Crawford, Hansen & Kennard, 1991). Moreover, the 

peak velocity of prosaccades has been found to be higher than of antisaccades (Lueck et al., 

1991). 

The strength and type of a stimulus can influence the parameters of saccades. For 

chromatic stimuli the latency is usually longer than for luminance stimuli (Bompas & 

Sumner, 2008), which is a known delay in the visual system (Liversedge, Gilchrist & 

Everling, 2011). Similarly, low contrast stimuli usually aren't as efficient in driving motor 

accumulation as the high contrast stimuli. Moreover, the high contrast signals go faster 

through the sensory system so the sensory delay is shorter before the rise to threshold can start 

(Bell, Meredith, Opstal & Munoz, 2006; Carpenter, 2004). The effect of stimulus size on the 

latency of a saccade is controversial, it has both been found to have a shortening effect, 

shorter latencies with increasing stimuli size (Boch et al., 1984) and also only modest or no 

effect at all (Fischer & Weber, 1997). A factor that can also affect latency is retinal 

eccentricity. The function is shaped like a U where the latency is lowest for targets between 

around 2° and 10° with increasing latencies further away from the fovea and relatively long 

latencies for those targets that are within 1-2° of the fovea (Kalesnykas & Hallett, 1994). The 

effect on latency is not just bottom up, that is driven by stimulus, but attention has been found 

to have an affect (Liversedge et al., 2011; Kristjánsson, Chen & Nakayama, 2001). 

Though much is known about the peak velocity and latency of saccades and its usefulness 

in getting detailed information in many neurological conditions, there is need for more 

knowledge about their relationship with the properties of the target, like that of contrast and 

size. Furthermore, in the field of research on saccades there needs to be an agreed upon 

method or a standardized protocol which is generally used like the one proposed by 

Antoniades et al. (2013). It is important to do research on the parameters that are involved in 

saccadic experiments to better understand what affects them and improve the method used in 

saccadic research. Therefore, the purpose of this study is to assess the effect of size and 

contrast of the target on latency and peak velocity of prosaccades. 
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Method 

Participants 

The participants were 12 in all, 9 women and 3 men, and were naive to the purpose of the 

study. They were all psychology students at the University of Iceland. They received no 

payment for their participation but did, however, receive course credit for their effort. Every 

one of them stated that they had normal vision or at least corrected to normal. Their mean age 

was 23.6 years, spanning from 22 to 28 years of age, with the mean age of the men at 24.97 

years and 23.08 years for the women. 

Research design 

This experiment had a within subject design where subjects looked at varying targets at 

random. There were two independent variables, the size of the target and the contrast of it. 

There were 7 different sizes, ranging from 0.2° - 1.4°, and 7 different contrasts, ranging from 

0.06 – 1.00 (measured as a ratio). The dependent variables were two as well, peak velocity 

and latency of the saccades. The peak velocity was measured in degrees per second (°/sec) 

and the latency was measured in milliseconds (ms). 

Stimuli 

The fixation stimulus, displayed in the center of the screen, was a 0.8° dot that had a contrast 

of 0.5 (RGB value [128, 128, 128]). The central stimulus disappeared after a minimum 

fixation of 200 ms. Subsequently a target appeared, randomly, to either the left or right, with 

its center 8° from the center of the central stimulus. The size of the target varied randomly 

between 0.2°, 0.4°, 0.6°, 0.8°, 1.0°, 1.2° and 1.4°. The contrast also varied randomly between 

seven stages depicted as ratios, 0.06, 0.22, 0.37, 0.53, 0.69, 0.84 and 1.00. The RGB value of 

the screen was [255, 255, 255] and the contrast of the stimuli was a ratio of that (e.g. ratio = 1 

– 120/255 = 0.53). 

Equipment 

The eye tracker used in this experiment was an EyeLink 1000 Plus. The EyeLink 1000 Plus 

has a high speed camera that can record up to 1000 Hz and has a spatial resolution under 

0.01° when recording at 1000 Hz. The camera uses infrared light (910 nm) which reflects 

from the cornea and it helps the camera sense both the pupil and the cornea. The eye tracker 

relies on the dark pupil and the corneal reflection to monitor the movement of the eye (SR 

research Ltd, 2010). Before recording can start one has to adjust the threshold for both the 
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pupil and the corneal reflection. To hold the head relatively steady and prevent any drastic 

head movements a chin and head rest was used. 

The eye tracker needs a host and a display computer. The host computer was a Dell laptop 

that has two operating systems, windows 7 professional and eyelink1000. Only the 

eyelink1000 was used in the experiment. The computer has an Intel core i7, which is 2.80 

GHz and the working memory is 8 GB. This computer was used to make all configurations 

before the experiment could start. The display computer was connected to the display on 

which the stimuli were presented. The display computer was a Gigabyte Technology with an 

Intel core i7, 4.00 GHz, and like the host computer, has a working memory of 8.00 GB. The 

display connected to the display computer was a 24 inch, 60 Hz BenQ, model XL24112, with 

a resolution of 1920 x 1080. Furthermore, the experiment was programmed in 

ExperimentalBuilder, which like the eye tracker is from EyeLink. 

Procedure 

The experiment took place in a soundproof booth to reduce any distractions. The participants 

were asked to sit in a chair and adjust the height of it so they could sit comfortably and could 

place their head on a chin and forehead rest. Then the eye tracker was adjusted and a 

threshold was set for both the pupil and the corneal reflection. After that a system calibration 

was performed, which displays 9 points (top, bottom and middle to the left, right and middle 

of the screen) for the subject to fixate on. The calibration was validated by presenting the 

stimuli again. The calibration is needed to determine the correspondence between gaze 

position of the subject on display and pupil position in the camera image (SR research Ltd, 

2010). 

Before the experiment started the program loaded all the images (all the stimuli) so it did 

not have to do it while running the experiment and therefore preventing a possible lag. The 

center stimulus appears in the middle of the display and after 400 ms the eye tracker checks if 

the subject is fixating on it. The subject had to hold fixation on the center stimulus for at least 

200 ms before it disappeared. After fixation was confirmed by the system the target stimulus 

appeared randomly to either the left or the right with its center 8° from the center of the center 

stimulus. The target was displayed for a minimum of 100 ms and a maximum of 2000 ms so 

the subject had 2000 ms to get a fixation on the target before it disappeared. The saccades 

amplitude had to be at least 0.5 or else the eyetracker didn't consider it a saccade. After the 

target stimulus disappeared there was a fixed time interval of 1000 ms before the center 

stimulus appeared again. 
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The experiment consisted of 15 blocks with 28 trials per block and took about 25-35 

minutes to complete. There was a pause after each 5 blocks where the participants could take 

a break and it was also possible to perform a system calibration again. After the pause, before 

continuing with the experiment, drift check was performed by presenting a stimulus at the 

middle of the screen, to check whether the previous calibration had become invalidated (SR 

research Ltd, 2010). 

Statistical analysis 

The program R (R Core Team, 2015) running within the Rstudio environment (R Studio 

Team, 2015) was used in the statistical analyses. DataViewer (2017) was used to extract the 

saccadic related data (e.g. latency and peak velocity) from the main data file. In each trial 

there can be more than one saccade so the first saccade in each trial was selected. In some 

trials the subject didn't respond within limits (2000 ms) and those trials were removed (16% 

of the trials). Furthermore, all trials where the latency was three standard deviations longer or 

shorter than the mean were removed. The lower limit can be negative so there was also a 

fixed lower limit of 70 ms, so all prosaccades with shorter latencies than 70 ms were 

considered anticipatory. The outliers were 2% of the data. Repeated measure ANOVAs were 

performed to check for main effects of size and contrast on latency and peak velocity and to 

compare latency and peak velocity between tasks. 



  

15 

 

Results 

Latency 

The main effect of contrast on the latency, was not significant F(6, 66) = 1.796, p = 0.113. 

Figure 1 shows the mean latency for all the seven target contrasts where the latency varied 

from 138 to 150 ms. The figure also shows a downwards trend in latency with latency 

decreasing as the ratio of the contrast gets higher. Moreover, there is one level of the target 

(0.53) that seems to be somewhat high compared to the trend. 

 

Figure 1. The mean latency of the seven stages of contrast of the target with a 95% confidence 

interval.
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The main effect of size on the latency was statistically significant  

F(6, 66) = 3.085, p = 0.010. The variation of the mean latency for all seven sizes of the target 

is shown in Figure 2, with latency varying from 150 to 135 ms. The figure also displays a 

clear downward trend of the mean latency from the smallest target (0.2°) to the largest target 

(1.4°). Furthermore, there is one level of the target (0.8°) that seems to be somewhat high 

compared to the trend. 

 

Figure 2. The mean latency for the seven sizes of the target with a 95% confidence interval. 

 

There was a difference in mean latency depending on whether the type of the task was the 

size of the stimulus or the contrast of it. When the task was the contrast the mean latency was 

144 ms while the mean latency was 140 ms for the size task. The difference between the mean 

latencies of the two task types was found to be statistically significant  

F(1,11) = 8.403, p = 0.015. 



  

17 

 

 

Peak velocity 

The main effect of contrast on peak velocity was not significant F(6, 66) = 0.505, p = 0.802. 

In Figure 3 the mean peak velocity for all seven stages of contrast is shown, where the peak 

velocity varied between 312.15 and 318.15°/sec. There is little variation of the means of the 

peak velocity between stages of the contrast and no clear trend to be seen. 

 

Figure 3. The mean peak velocity of the seven stages of contrast of the target with a 95% confidence 

interval.
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The main effect of size on peak velocity was not statistically significant  

F(6, 66) = 0.194, p = 0.977. Figure 4 shows the mean peak velocity of the seven different 

sizes of the target, with peak velocity varying from 311.20 to 316.41°/sec. Like Figure 3, 

Figure 4 does not display a clear trend of the little varied means of peak velocity of the seven 

target sizes. 

 

Figure 4. The mean peak velocity of the seven sizes of the target with a 95% confidence interval. 

 

There was a small difference between the measurements of mean peak velocities of the 

task types, size and contrast. The mean peak velocity for the contrast task was 315.23°/sec 

and 313.70°/sec for the size task. However, the difference between the mean peak velocities 

of size and contrast was not statistically significant F(1,11) = 0.055, p = 0.819. 
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Discussion 

Even though the parameters of saccades, like latency and peak velocity, have been researched 

and some knowledge about them has come to light there still seems to be some variability 

when it comes to measuring these parameters (Liversedge et al., 2011; Collewijn et al., 1988). 

It seems as if this variability is not only visible between research facilities but also between 

two subjects within the same facility. There can even be quite variability within the same 

subject, though the cause of that is possibly just the subject getting tired. Collewijn et al. 

(1988) suggest that this variability in measurement is mainly due to the great variety in the 

manner in which data is recorded and analyzed. There are many factors that can affect the 

parameters of saccades and one of those factors is the properties of stimuli (Liversedge et al., 

2011; Collewijn et al., 1988). The strength and type of a stimulus have an effect on the 

latency of a saccade, for instance chromatic stimuli tend to increase the latency compared to 

luminance stimuli (Liversedge et al., 2011). It is, however, not known how much of an affect 

these properties can have on the parameters of saccades and research on that is lacking. 

The purpose of this study was to try to assess the affect of two properties of target stimuli, 

size and contrast, on two of the parameters of saccades, namely latency and peak velocity. 

Size and contrast had seven different levels each. The size varied between seven sizes, from 

0.2°-1.4° where there was always an even sized difference (0.2° between sizes). The contrast 

varied between seven stages, from almost white to black, with ratios ranging from 0.06-1.00 

where 0 is white like the screen presented on.  

There was not much difference between the means of peak velocity for the seven different 

sizes of the target (see Figure 4). The same went for the seven stages of contrast (see Figure 3) 

and neither showed significant results for difference between mean peak velocities. The 

latency, however, had another story to tell. When the task was the size of the target there was 

a clear trend in the mean latency of the seven sizes (see Figure 2). The smallest target had the 

longest latency and the latency decreased with increasing size of the target ending on the 

largest target with the shortest latency. The contrast task also had this trend (see Figure 1), 

where the almost white target had the longest latency and the latency shortened with increased 

contrast of the target. Unlike the size task, however, the contrast task was not statistically 

significant, though it was quite close, so we cannot say that contrast affects latency despite the 

trend. 
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On assessing the affect of size and contrast on latency there was one level of the target, for 

each task type, that notably broke the trend, namely the level that was most similar to the 

center stimulus, depending on the task (see Figures 1 and 2). When the task type was size the 

trend breaking level was the one that was the same size as the center stimulus (0.8°), as was 

the case with contrast but the trend breaking level was the one that had the same contrast as 

the center stimulus (0.53). Whether it was that the participants were more focused on target 

stimuli different from the center stimulus, just a coincidence or something entirely different is 

not good to say but it would be interesting to study it further. It might even be beneficial to 

cut out the level of the target that has the same characteristics as the beginning stimulus to get 

clearer results. 

When checking whether there was a difference between the mean peak velocities of size 

and contrast, there didn't seem to be much difference, it was quite far from being statistically 

significant. However, when comparing the average latency between size and contrast the 

difference was significant. The average latency for the size task was about 4 ms shorter than 

for the contrast task. 

These results indicate that peak velocity does not seem to be affected by size or contrast of 

the target stimulus and there doesn't seem to be any difference in their effect on peak velocity. 

The size of a target stimulus, on the other hand, does have an effect on saccadic latency. It is 

possible that contrast also has an effect on latency but it is not possible to say so based on this 

study, these are only speculations, due to the results not being statistically significant. 

Based on these results it's safe to say that when studying the parameters of saccades one 

should always keep in mind the properties of the stimuli used can have an effect on these 

parameters. Furthermore, it is important to use a standardized protocol, as proposed by 

Antoniades et al (2013), when performing experiments on saccades in order to be able to 

better compare results of different experiments but that can be difficult when there are many 

methods used, like using different types of stimuli instead of using a standard stimulus. 



  

21 

 

References 

Antoniades, C., Ettinger, U., Gaymard, B., Gilchrist, I., Kristjánsson, Á., Kennard, C., ... 

Carpenter, R. H. S. (2013). An internationally standardised antisaccade protocol. 

Vision Research. 84, 1-5. doi: 10.1016/j.visres.2013.02.007 

Bahill, A. T., Clark, M. R. & Stark, L. (1975). The Main Sequence, a Tool for Studying 

Human Eye Movements. Mathematical Biosciences. 24, 191-204. 

doi: 10.1016/0025-5564(75)90075-9 

Bell, A. H., Meredith, M. A., Opstal, A. J. & Munoz, D. P. (2006). Stimulus intensity 

modifies saccadic reaction time and visual response latency in the superior colliculus. 

Experimental Brain Research, 174(1), 53-59. doi: 10.1007/s00221-006-0420-z 

Boch, R., Fischer, B. & Ramsperger, E. (1984). Express-Saccades of the Monkey: Reaction 

Times Versus Intensity, Size, Duration, and Eccentricity of Their Targets. 

Experimental Brain Research. 55, 223-231. doi: 10.1007/BF00237273 

Bompas, A. & Sumner, P. (2008). Sensory sluggishness dissociates saccadic, manual, and 

perceptual responses: An S-cone study. Journal of Vision, 8(8), 1011-1013. 

doi:10.1167/8.8.10 

Carpenter, R. H. S. (2004). Contrast, Probability, and Saccadic Latency: Evidence for 

Independence of Detection and Decision. Current Biology, 14(17), 1576-1580. 

doi: 10.1016/j.cub.2004.08.058 

Carter, J. E., Obler, L., Woodward, S. & Albert, M. L. (1983). The Effect of Increasing Age 

on the Latency for Saccadic Eye Movements. Journal of Gerontology, 38(3), 318-320.  

doi: 10.1093/geronj/38.3.318 

Collewijn, H., Erkelens, C. J. & Steinman, R. M. (1988). Binocular co-ordination of human 

horizontal saccadic eye movements. The Journal of Physiology. 404, 157-182.  

Dafoe, J. M., Armstrong, I. T. & Munoz, D. P. (2007). The influence of stimulus direction 

and eccentricity on pro- and anti-saccades in humans. Experimental Brain Research, 

179(4), 563-570. doi: 10.1007/s00221-006-0817-8 

Edelman, J. A. & Keller, E. L. (1996). Activity of visuomotor burst neurons in the superior 

colliculus accompanying express saccades. Journal of Neurophysiology, 76(2), 908-

926. 

https://doi.org/10.1007/s00221-006-0420-z
https://doi.org/10.1016/j.cub.2004.08.058


  

22 

 

Engbert, R. & Kliegl, R. (2004). Microsaccades Keep the Eyes' Balance During Fixation. 

Psychological Science, 15(6), 431-431. doi: 10.1111/j.0956-7976.2004.00697.x 

Fischer, B. & Weber, H. (1997). Effects of stimulus conditions on the performance of 

antisaccades in man. Experimental Brain Research. 116(2), 191-200. 

doi: 10.1007/PL00005749 

Hanes, D. P. & Wurtz, R. H. (2001). Interaction of the Frontal Eye Field and Superior 

Colliculus for Saccade Generation. Journal of Neurophysiology, 85(2), 804-815. 

Retrieved from http://jn.physiology.org/content/jn/85/2/804.full.pdf 

Jóhannesson, Ó. I. (2014). Nasal-temporal asymmetries and landing point probability 

manipulations of saccadic eye movements (Doctoral thesis). University of Iceland, 

Psychology department. Retrieved on March 30th 2017 from 

http://skemman.is/stream/get/1946/19756/45329/3/Omar_PhD_Thesis_Skemman.pdf 

Kalesnykas, R. P. & Hallett, P. E. (1994). Retinal Eccentricity and the Latency of Eye 

Saccades. Vision Research, 34(4), 517-531. 

Keating, E. G. & Gooley, S. G. (1988a). Disconnection of parietal and occipital access to the 

saccadic oculomotor system. Experimental Brain Research, 70(2), 385-398. 

doi: 10.1007/BF00248363 

Keating, E. G. & Gooley, S. G. (1988b). Saccadic disorders caused by cooling the superior 

colliculus or the frontal eye field, or from combined lesions of both structures. Brain 

Research, 438(1-2), 247-55. doi: 10.1016/0006-8993(88)91343-1 

Keating, E. G., Gooley, S. G., Pratt, S. E. & Kelsey, J. E. (1983). Removing the superior 

colliculus silences eye movements normally evoked from stimulation of the parietal 

and occipital eye fields. Brain Research, 269(1), 145-148. 

doi: 10.1016/0006-8993(83)90971-X 

Klein, C., Foerster, F., Hartnegg, K. & Fischer, B. (2005). Lifespan development of pro- and 

anti-saccades: Multiple regression models for point estimates. Developmental Brain 

Research, 160(2), 113-123. doi: 10.1016/j.devbrainres.2005.06.011 

Kolb, H. (2007). Gross Anatomy of the Eye. In: Kolb, H., Fernandez, E. & Nelson, R. (Eds.), 

Webvision: The Organization of the Retinal and Visual System. Salt Lake City, UT: 

University of Utah Health Sciences Center. Retrieved on March 23rd 2017 from 

https://www.ncbi.nlm.nih.gov/books/NBK11534/. 



  

23 

 

Kolb, H. (2012). Simple Anatomy of the Retina. In: Kolb, H., Fernandez, E. & Nelson, R. 

(Eds.), Webvision: The Organization of the Retinal and Visual System. Salt Lake City, 

UT: University of Utah Health Sciences Center. Retrieved on March 23rd 2017 from 

https://www.ncbi.nlm.nih.gov/books/NBK11533/ 

Kristjánsson, Á., Chen, Y. & Nakayama, K. (2001). Less attention is more in the preparation 

of antisaccades, but not prosaccades. Nature Neuroscience, 4, 1037-1042. 

doi:10.1038/nn723 

Leigh, R. J. & Kennard, C. (2004). Using saccades as a research tool in the clinical 

neurosciences. Brain, 127(3), 460-477. doi: 10.1093/brain/awh035 

Leigh, R. J. & Zee, D. S. (2015). The Neurology of Eye Movements. New York: Oxford 

University Press. 

Liversedge, S., Gilchrist, I. & Everling, S. (Eds.). (2011). The Oxford Handbook of Eye 

Movements. New York: Oxford University Press. 

Lueck, C. J., Crawford, T. J., Hansen, H. C. & Kennard, C. (1991). Increase in Saccadic Peak 

Velocity with Increased Frequency of Saccades in Man. Vision Research. 31, 1439-

1443. doi: 10.1016/0042-6989(91)90062-A 

Mayfrank, I., Mobashery, M., Kimmig, H. & Fischer, B. (1986). The Role of Fixation and 

Visual Attention in the Occurrence of Express Saccades in Man. European Archives of 

Psychiatry and Neurological Sciences, 235(5), 269-275. 

Neggers, S. F. W., Raemaekers, M. A. H., Lampmann, E. E. L., Postma, A. & Ramsey, N. F. 

(2005). Cortical and subcortical contributions to saccade latency in the human brain. 

European Journal of Neuroscience. 21(10), 2853-2863. 

doi: 10.1111/j.1460-9568.2005.04129.x 

R Core Team (2015). R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/ 

Ramat, S., Leigh, R. J., Zee, D. S., Shaikh, A. G. & Optican, L. M. (2008). Applying saccade 

models to account for oscillations. Progress in Brain Research. 171, 123-130. 

doi: 10.1016/S0079-6123(08)00616-X 

Rogers, K. (Eds.). (2011). The Eye: The Physiology of Human Perception. New York, NY: 

Britannica Educational Publishing. 

RStudio Team (2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA 

URL: http://www.rstudio.com/ 



  

24 

 

Saslow, M. G. (1966). Effects of Components of Displacement-Step Stimuli Upon Latency 

for Saccadic Eye Movement. Journal of the Optical Society of America: A Optics, 

Image Science, and Vision. 57(8), 1024-1029. doi: 10.1364/JOSA.57.001024 

Schiller, P. H. (1977). The effect of superior colliculus ablation on saccades elicited by 

cortical stimulation. Brain research, 122(1977), 154-156. 

doi: 10.1016/0006-8993(77)90672-2 

Schiller, P. H., Sandell, J. H. & Maunsell, J. H. (1987). The effect of frontal eye field and 

superior colliculus lesions on saccadic latencies in the rhesus monkey. Journal of 

Neurophysiology. 157(4), 1033-1049. 

Schiller, P. H. & Tehovnik, E. J. (2001). Look and see: How the brain moves your eyes about. 

Progress in Brain Research. 134, 127-142. doi: 10.1167/1.3.258 

Schiller, P. H., True, S. & Conway, J. L. (1981). Deficits in eye movements following frontal 

eye-field and superior colliculus. Journal of Neurophysiology, 44(6), 1175-1189. 

Sereno, A. B. & Holzman, P. S. (1995). Antisaccades and smooth pursuit eye movements in 

schizophrenia. Biological Psychiatry. 37(6), 394-401. 

doi: 10.1016/0006-3223(94)00127-O 

SR Research Ltd. (2010). EyeLink 1000 User Manual. Mississauga, Ontario, Canada: Author. 

SR Research Ltd. (2017). EyeLink® Data Viewer. Mississauga, Ontario, Canada. 

Tehovnik, E. J., Lee, K. & Schiller, P. H. (1994). Stimulation-evoked saccades from the 

dorsomedial frontal cortex of the rhesus monkey following lesions of the frontal eye 

fields and superior colliculus. Experimental Brain Research, 98(2), 179-190. 

doi: 10.1007/BF00228407 

Vergilino-Perez, D., Fayel, A., Lemoine, C., Senot, P., Vergne, J. & Doré-Mazars, K. (2012). 

Are There Any Left-Right Asymmetries in Saccade Parameters? Examination of 

Latency, Gain, and Peak Velocity. Investigative Ophthalmology & Visual Science. 

53(7), 3340-3348. doi:10.1167/iovs.11-9273 

Vidailhet, M., Rivaud, S., Gouider-Khouja, N., Pillon, B., Bonnet, A., Gaymard, B., ... 

Pierrot-Deseilligny, C. (1994). Eye movements in parkinsonian syndromes. Annals of 

Neurology, 35(4), 420-426. doi: 10.1002/ana.410350408 

 

 



  

25 

 

Wirtschafter, J. D. & Weingarden, A. S. (1988). Neurophysiology and Central Pathways in 

Oculomotor Control: Physiology and Anatomy of Saccadic and Pursuit Eye 

Movements. In Johnston, C. W. & Pirozzolo, F. J. (Eds.), Neuropsychology of Eye 

Movements (5-31). Hillsdale, New Jersey: Lawrence Erlbaum Associates. 


