
VU Research Portal

Where?

Matziridi, M.

2014

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Matziridi, M. (2014). Where? [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/e1f4e689-6b05-47b8-b1f0-1ce5c9bcfca2


 

7 

 

1. 

 

 

INTRODUCTION 
  



Where? 

  8 

Every day we make thousands of fast eye movements, called saccades. The aim of the 

saccades is to redirect our fovea (the part of our eye with the highest resolution) to 

objects of interest. Once our fovea is directed to the object of interest, the eye position 

remains relatively stable for a brief period, called fixation, until the next saccade. This 

saccade-fixation strategy is very efficient, as it allows the visual system to analyze a wide 

field of view at high resolution. However, it also poses a serious problem for perception, 

as it changes the mapping of external space onto the retina. Stationary objects do not 

appear to shift their positions in space with eye movements, suggesting that our brain has 

found a way to solve this problem. However, the solution is not completely perfect. 

Almost 50 years ago, Matin and Pearce (1965) discovered that people make systematic 

errors when localizing flashes that are briefly presented around the time of saccades, a 

phenomenon called perisaccadic mislocalization. The surprising part of this phenomenon 

is that the systematic errors occur not only while the eyes are moving fast, during the 

saccade, but also just before and for a short period of time after the eye movement.  

Two components of these errors have been identified: a uniform shift in the 

flashes’ apparent locations in the direction of the saccade (Matin and Pearce, 1965; 

Bischof and Kramer, 1968; Matin et al., 1970; Mateeff, 1978; Honda, 1990; 1991; 

Dassonville et al., 1992; Schlag and Schlag-Rey, 2002) and a spatial compression of the 

flashes’ apparent locations towards the saccade target location (Morrone et al., 1997; 

Ross et al., 1997; Lappe et al., 2000; Figure 1.1).  

The shift is explained by a temporal mismatch between signals arising from the 

stimulation of the retina and signals related to the orientation of the eye (Dassonville et 

al., 1992; Schlag and Schlag-Rey, 2002). If the retinal stimulation is judged to have 
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occurred later with respect to the eye movement, the target will be mislocalized in the 

direction of the eye movement. If a damped version of the eye movement is considered, 

the shift will also influence judgments before and after the saccade. On the other hand, 

the cause of the compression has been debated. Traditionally, it was attributed to a 

mechanism for remapping the visual scene across saccades (Ross et al., 2001): saccades 

produce dramatic transient alterations of neural responses; the receptive fields of visual 

neurons shift in anticipation of saccades (predictive remapping), displacing visual spatial 

representations, which may underlie the stability of perception across eye movements. 

More recently, compression was attributed to a combination of temporal uncertainty 

about the time of the flash with a bias to believe that what one has seen was where one 

was looking (Maij et al., 2011a).  

 

 

  
Figure 1.1. Representation of shift and compression. The dark green bars represent the veridical locations of the 

flash and the light green bars the perceived locations of the flash. The shift is usually observed in experiments 

performed in the dark while the compression in experiments performed under conditions of normal illumination. 

  

The aim of the present thesis was to shed some more light on this debate. In 

order to do so, we tried to distinguish the roles of various aspects that are involved in 

perisaccadic mislocalization and generally co-vary: the saccade target and the saccade 

endpoint, the part of the retina we use to fixate and variations in resolution over the retina, 

shift compression
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the movement of the eye and the direction of gaze, as well as misjudging the orientation 

of the eye and misjudging the time of the flash. 

The first co-variation we will address is the one between the target position and 

the actual endpoint of the saccade: when we make a saccade to a target, our eyes usually 

land near the position of the target. Compression was originally believed to be towards 

the saccade target position (Honda, 1993; Morrone et al., 1997; Ross et al., 1997; Lappe 

et al., 2000; Awater et al., 2001; Maij et al., 2009). But is it indeed towards the saccade 

target position, or is it towards where we are looking at the end of the saccade? To 

distinguish between the position of the target and the landing position of the eyes in 

Chapter 2, we made use of the Müller-Lyer illusion. There is ample evidence that when 

we make a saccade from one endpoint of the shaft of a Müller-Lyer figure (the fixation 

position) to the other (the target position), our eyes land further from the fixation position 

for the fins-out (>--<) than for the fins-in (<-->) configuration of the figure for the same 

length of the shaft, thus for the same target position (Yarbus, 1967; Festinger et al., 1968; 

Binsted and Elliott, 1999; Bernardis et al., 2005; de Grave et al., 2006; de Grave and 

Bruno, 2010; Figure 1.2). However, the perceived position of the endpoint of the shaft 

(the saccade target) is not affected by the illusion (Gillam and Chambers, 1985; Mack et 

al., 1985; Smeets et al., 2002). Therefore, the Müller-Lyer illusion is a good tool to 

evaluate whether perisaccadic compression depends on the position of the saccade target 

or on the position that is fixated at the end of the saccade. 

 

 



Introduction 

11 

 

   
Figure 1.2. Representation of the dissociation between the target positions and the endpoints of the saccades 

when making use of the two configurations of the Müller-Lyer illusion for the same length of the shaft. 

 

A second co-variation is the one between the location that is fixated at the end of 

the saccade and the location that falls on the part of the retina with the highest resolution. 

Indeed, normally, the location that is fixated at the end of the saccade is the location that 

falls on the fovea, the part of the retina with the highest density of cones (Iwasaki and 

Inomara, 1986). However, under some medical conditions, like Macular Degeneration 

(MD), the central retina is damaged causing loss of foveal vision (a central visual field 

scotoma). The remaining part (the peripheral field of the retina) remains unaffected by 

the disease. People with MD typically direct their eyes such that the image falls onto a 

particular peripheral location on the retina, called the preferred retinal locus (PRL), which 

is not part of the scotoma and which operates as a “pseudo-fovea” (Timberlake et al., 

1986, 1987; Whittaker et al., 1988; Fletcher et al., 1999; Figure 1.3).  
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Figure 1.3. Examples of a fixation location that falls on the fovea (normally sighted) and a fixation location that 

falls on the preferred retinal locus (MD patients).  

 

However, although the PRL in people with MD is similar to the fovea of people with 

normal vision in terms of defining where one is looking, it is quite different in terms of 

variations in retinal resolution. Several models, in line with the traditional attribution of 

compression to a mechanism for remapping a representation of the visual scene across 

saccades, include components that can be related to the variations in spatial resolution 

across the visual field on the retina and in early visual areas of the brain (the cortical 

magnification factor; Ross et al., 1997; VanRullen, 2004; Hamker et al., 2008). In 

Chapter 3, we examined whether the phenomenon of perisaccadic compression is related 

to the variations in spatial resolution across the visual field on the retina. To do so, an 

MD participant with a clear PRL performed horizontal saccades while flashes were 

presented around the time of her saccades. If the compression of space during the saccade 

is related to the variations in spatial resolution across the visual field on the retina, one 
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might expect people lacking central vision to show no compression of space around the 

time of a saccade. If the compression of space during the saccade is not a characteristic of 

central vision but is related to the position that is fixated after the saccade, irrespective of 

its retinal resolution, one would expect compression towards the PRL.  

A third aspect is the co-variation between the gaze and the eye displacement 

during the saccade. In the majority of the existing studies on perisaccadic mislocalization, 

the head does not contribute to the gaze shift, so the gaze shift corresponds with the 

rotation of the eyes relative to the head (eye-in-head). Perisaccadic compression has been 

found to increase with the amplitude of the saccade (Lavergne et al., 2010) and with its 

peak velocity (Ostendorf et al., 2007). However, we cannot tell from the existing 

literature on perisaccadic mislocalization if it is the parameters of the gaze shift that are 

positively correlated with the magnitude of compression or it is the parameters of the 

rotation of the eyes relative to the head. To distinguish between the two, in Chapter 4 we 

asked participants to shift their gaze between two positions, either with their head static 

or with their head free to move during the gaze shift, and to localize a flash presented 

around the time of the saccade (Figure 1.4). When the head is static, the change in gaze is 

mainly generated by the rotation of the eyes in the head. When the head is moving, the 

change in gaze is partially generated by the rotation of the eyes in the head and partially 

by the rotation of the head. So, by moving the head, we can achieve the same gaze shift 

as in the head static condition, but with a decreased eye-in-head rotation. 
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Figure 1.4. Example trials with the head static (left) and the head moving (right). The task was to localize the 

flashed green bar. 

 

As the gaze is moving during a saccade, misjudging space and misjudging time 

co-vary. In Chapter 5, we aimed to determine whether perisaccadic mislocalization has 

its origins in a temporal aspect. The two explanations for compression differ with respect 

to when retinal and oculomotor signals are combined. According to the remapping 

explanation, the time course of the combination only depends on the eye movement, so it 

influences all items on the retina before one has selected the item of interest (the flash). 

According to the temporal uncertainty explanation, vision is a more active process 

(O’Regan and Noë, 2001). The item of interest (the flash) first has to be detected. The 

relevant eye orientation is subsequently estimated in order to localize the detected item. If 

errors in judging the time of the flash are (partly) responsible for the reported spatial 

mislocalization of flashes presented around the time of saccades, we should be able to 

manipulate the pattern of spatial mislocalization by altering the perceived time of the 

flash. We reasoned that if we presented a relevant flash (red bar; Figure 1.5) within a 

vs

gaze shift  = eye-in-head rotation gaze shift  = eye in-head rotation + head rotation
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short rapid sequence of irrelevant flashes (black bars; Figure 1.5), participants’ estimates 

of when the relevant flash was presented might be shifted towards the centre of the 

sequence.  

 

 
Figure 1.5. Two example trials with the red bar at the same spatial location but in different temporal order in 

the sequence (numbers indicate order of presentation). 

  

The present thesis attempts to dissociate the role of the above-mentioned co-

varying aspects on perisaccadic mislocalization, aiming to shed some more light on the 

better understanding of the cause of perisaccadic compression. 
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