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Historical note on the origins of precise eye movement monitoring

The picture on the front cover of our book illustrates a historic breakthrough in the
methodology of eye movement research. It depicts the first camera-based device for eye
movement registration as described by Dodge and Cline (1901), often referred to as the
“falling plate camera” or “photochronograph”. 

The right part of the figure shows a bellows camera mounted on a perimeter together
with a head rest. The perimeter carried knitting needles with bits of white paper serving
as adjustable fixation points and a holder for printed matter. Using the camera, the corneal
reflection of a white piece of cardboard illuminated by sunlight was photographed. A
continuous time record was achieved via oscillations of a pendulum inside the plate holder
resulting in a periodical darkening at the edge of the moving photographic plate. The
pendulum was set in motion by interrupting a circuit to an electric magnet fixating it as
long as the plate did not move.

The left part of the figure depicts a magnification of the plate holder attached to the
back of the camera. This wooden box, seen in cross section, contains in its upper part the
photographic plate and in its lower part a conventional bicycle pump. This simple device,
together with a second pump not visible in this figure, provided for a smooth and contin-
uous descent of the plate during the course of registration.

In their original work, Dodge and Cline (1901) used the falling plate camera to provide
the first precise analyses of the duration and velocity of saccades. Dodge (1903) published
a report on recordings that were aimed at defining “Five Types of Eye-Movement in the
Horizontal Meridian Plane of the Field of Regard”. An improved version of the apparatus
served in the classic study by Dearborn (1906) on the metrics of eye movements in read-
ing. Subsequently the photochronograph was professionally manufactured by Spindler &
Hoyer, Göttingen and sold for the price of 375 Mark.

It is interesting to note that many fundamental observations on basic properties of eye
movements were made in the context of research on reading. Thus, the tradition of using the
eyes in the study of cognitive processes is as old as research on the oculomotor system as
such. It appears that being interested in both sides of the coin was the norm rather than the
exception for the early 20th century researcher. Seen in this perspective, the idea of inte-
grating the two main streams of current work, research with and about eye movements as it
is advocated in the present volume essentially constitutes a return to the origins of our field.

The editors are grateful to Dieter Heller (Technical University of Aachen) and Nicholas
Wade (University of Dundee) for suggesting this motif for the cover of the present
volume. For a detailed account of the role played by Dodge and his contempor-
aries in the history of oculomotor research we refer to the recent work by Wade, Tatler
and Heller (under review).
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Preface

The present volume is intended to provide a comprehensive state-of-the-art overview
of current research on cognitive and applied aspects of eye movement research. It
includes contributions that originated from papers presented at the 11th European
Conference on Eye Movements (August 22–25, 2001, Turku, Finland), supplemented
by invited chapters and commentaries. The ECEM series of conferences was
commenced in 1981 by Professor Rudolf Groner in Bern. It brings together researchers
from various disciplines with an interest to study behavioral, cognitive, neurobiolog-
ical and clinical aspects of eye movements. This book presents a selection of
contributions addressing cognitive and applied aspects of oculomotor research. All
chapters were reviewed by two referees, in most cases fellow contributors, but in addi-
tion a number of outside referees were also consulted.

The book is divided into five sections: I Visual information processing and saccadic
eye movements; II Eye movements in reading and language processing; III Computa-
tional models of eye movement control in reading; IV Eye movements in human–
computer interaction; and V Eye movements in media applications and communication.
Each section ends with a commentary chapter written by a distinguished scholar, 
aimed at discussing and integrating the empirical contributions and providing an 
expert view on the most significant present and future developments in the respective
area. A sister book is also published (Hyönä, Munoz, Heide & Radach (eds), The Brain’s
Eye: Neurobiological and Clinical Aspects of Oculomotor Research, Amsterdam:
Elsevier Science), where the emphasis is on lower-level and clinical aspects of eye
movements.

Section I explores various aspects of the relationship between visual information
processing and saccadic eye movements. Not surprisingly, a major theme of this
section concerns selective visual attention, which is generally seen as a mechanism
that bridges vision and eye movements. The section starts with a review by Godijn
and Theeuwes on what is currently known of the relationship between endogenous and
exogenous attention and saccades. The authors then present some of their own exper-
iments that study this relationship by means of a new oculomotor capture paradigm.
To account for their empirical findings, Godijn and Theeuwes propose a competitive
integration model for the interaction between attention and saccades. The chapter by
Kean and Lambert also explores the relationship between covert and overt attention
shifts, however, with specific emphasis on the role of peripheral information in atten-
tional orientation. The authors review several recent experiments that use eye
movements as an indicator of covert attention, and provide demonstrations that the
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information conveyed by peripheral stimuli is capable of modulating our attentional
orienting behavior. Hodgson and Golding’s work, in normal subjects and in neuro-
logical patients, studies more complex situations in which saccades are made on the
basis of changing task rules. They demonstrate, in a number of different tasks, how
humans are able to implement the very flexible control of behavior required to account
for changing demands from the environment. Shen, Reingold, Pomplun and Williams
explore the interaction between a central discrimination task and the selection of the
next target based on peripheral information. An important result is that they find that
saccade selectivity is rather unaffected by the difficulty of the discrimination task,
suggesting that the central discrimination and the peripheral analysis do not share the
same pool of attentional resources. The chapter by Walker and Doyle introduces an
important, though frequently neglected, aspect of eye movement control, namely that
saccade target selection must normally occur in a multisensory environment. The
authors start with a review of a number of studies on saccade reorienting to a combi-
nation of visual and auditory targets. They also present a recent experimental study of
the effect of auditory and tactile distractors on saccade trajectories, providing further
evidence that interactions between different sensory stimuli can indeed modify
saccadic responses. The chapter by Engbert and Kliegl looks at the pattern of microsac-
cades that occur under the condition of different changes of the display. To analyze
oculomotor behavior, the authors introduce a new algorithm for the detection of very
small saccades, based on an analysis in 2D velocity space. In contrast to the current
view, they find that some microsaccades can be monocular, with different statistical
properties of the movements of each eye. In the last empirical chapter of this section,
de’Sperati demonstrates, with a number of striking experiments, how eye movements
can be successfully utilized to recover the kinematics of purely internal mental
processes related to mental imagery. The section ends with a commentary by Findlay
presenting a critical view on how the theme of attention is used in the various section
contributions. As a viewpoint alternate to rashly accepting an outstanding role of atten-
tion in oculomotor control, he proposes that oculomotor workers should adopt a
perspective in which the movements of the eyes are regarded as a primary feature of
vision.

Section II includes empirical contributions dealing with reading and language
processing. Over the years, eye-tracking has become increasingly popular to study
written language processing, particularly word identification and syntactic parsing. The
chapters by Tsai and McConkie, Rayner et al. and Liversedge build directly on this
well-established research tradition. Tsai and McConkie study reading behavior in
Chinese to examine whether single characters are more influential than words in
guiding the eyes of Chinese readers. Rayner, White, Kambe, Miller and Liversedge
provide a review of recent work examining parafoveal information acquisition and the
extent to which parafoveally visible words can influence foveal processing.
Liversedge’s chapter deals with an important aspect of sentence processing – assigning
thematic roles to clause constituents. Kennedy, Brooks, Flynn and Prophet apply the
eye-tracking technique to the investigation of spatial coding in reading. The critical
question is to what extent readers represent the exact spatial location of words to guide
the eyes when rechecking or when additional processing becomes necessary. Hyönä,

xvi Preface



Lorch and Rinck propose the use of eye-tracking to study comprehension processes
when reading long texts – a research area where oculomotor analyses may significantly
contribute to future progress. The chapter by Vonk and Cozijn offers a methodolog-
ical contribution, suggesting that the time spent in saccadic movements should be
added to the processing time measures; moreover, they argue that regressive and
progressive fixation cycles need to be analysed separately. Section II also comprises
studies in areas of research to which the eye-tracking methodology has not yet been
extensively applied. Gilman and Underwood examine in their contribution how
musical notation is processed by expert and less expert musicians. They are particu-
larly interested in defining the extent of the perceptual span in music reading. Morris
and Williams demonstrate how eye-tracking can be successfully applied to study the
process by which readers infer meaning for new vocabulary items. Meyer and Dobel
in turn discuss a new eye movement paradigm to study the time course of spoken word
production. In their commentary chapter, Inhoff and Weger consider the section a good
example of the “methodological middle-ground” that they would like to advocate,
emphasizing that performance is being studied in relatively natural task environments
with rigorous experimental controls. They conclude by making suggestions on how to
go about employing the plethora of eye movement measures already introduced in 
the field.

Over the last two decades oculomotor research on reading has reached a state of
development that now makes it possible to develop realistic computational models of
eye movement control in this complex task. These models attempt to account for the
dual nature of written language processing, “moving eyes” and “reading words”, as
Grainger puts it in his commentary chapter for Section III. They also seek to incor-
porate principles of visuomotor control as found in basic research, one being the
relation between visual selection and the generation of saccades. This is the focus of
the chapter by Reingold and Stampe, who found a marked decrease in the frequency
of saccades due a task irrelevant flicker that was more pronounced when the flicker
occurred in the direction of the next saccade. On the basis of this saccade inhibition
effect, they argue in favor of a close relation between the allocation of visual atten-
tion and saccade programming. Sequential shifts of visual attention play a central role
in the E-Z Reader model presented in the chapter by Pollatsek, Reichle & Rayner.
They provide a synopsis of relevant empirical findings and then discuss the major
design principles and core ideas of their modeling approach. Among the new features
implemented in the current version are a pre-attentive stage of word processing and a
new mechanism for the generation of refixations. The chapter concludes with a study
on the reading of compounds words, the first attempt to explicitly address the
processing of morphologically complex words in a computational model. The general
architecture of the SWIFT model described by Kliegl and Engbert is similar in some
ways to attention-based sequential processing models but its principles of operation
differ in several respects. Critically, lexical processing is seen as spatially distributed
and the timing of saccades is co-determined by autonomous saccade generation and
processing-based inhibition of foveal targets. In their chapter, Kliegl and Engbert
demonstrate how the model can predict the outcome of typical manipulations of
parafoveal information using gaze contingent display changes in sentence reading.

Preface xvii
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Yang and McConkie propose a competition-inhibition theory of eye movement control
in reading that is grounded in neurobiological research on saccade generation and also
includes a mechanism for the autonomous triggering of saccades. In experiments using
different classes of saccade contingent display changes they found that only saccades
that are initiated after relatively long latencies are delayed by such changes. Based 
on these results they argue against direct cognitive control of most saccades in reading
and propose several mechanisms how linguistic processing may affect saccade gener-
ation in a more indirect way. The Glenmore model proposed in the chapter by Reilly
and Radach introduces the notion of a letter-based spatial saliency representation as a
means to integrate visual and linguistic processing in the generation of oculomotor
behavior in reading. An interactive activation network of letter and word processing
provides top down feedback that, together with visual information, co-determines 
the selection of parafoveal words as saccade targets. Grainger, in his commentary 
on Section III emphasizes the importance of relating models that account for the
dynamics of reading to the tradition of computational models of single word
processing. Taken together, the developments presented in this section cannot only be
expected to contribute to progress in reading research, but they may also serve to
further our understanding of the nature of vision-based cognitive information pro-
cessing in general. 

The ascent of new information technologies has a double effect on eye movement
research: First, it paves the way for precise measurement and straightforward analysis
of oculomotor behavior via  affordable and robust equipment. Second, the use of new
information technologies itself becomes a new subject of applied oculomotor research.
The chapters in Section IV consider both the application of eye movements as a
medium of control in human-computer interaction and as a tool in studying the
usability of interfaces. Surakka, Illi and Isokoski provide an introduction into the use
of voluntary eye movements for interaction with computers. This requires the real-
time tracking of eye movements and the implementation of eye-based feedback signals
into multimodal interfaces. Discussing results of two recent studies, they demonstrate
the feasibility of combining eye movements with voluntary facial muscle activity as a
way to execute mouse pointing operations. Goldberg and Wichansky provide in their
chapter a guide to eye-tracking in usability evaluation that will be especially useful
for new researchers entering the field. This review provides information for both soft-
ware usability specialists, who consider the potential merits of eye-tracking, and for
eye movement researchers, who are interested in usability evaluation as a field of appli-
cation. One important problem in the development of computer interfaces is how to
present spatial configurations in computer interfaces. This issue is addressed in exper-
iments reported in the chapter by Crosby and Sophian, who propose several ways in
which presentation of data can facilitate the integration of quantitative information.
The application of eye-tracking in the evaluation of industrial manufacturing software
settings is discussed in the contribution by Zülch and Stowasser. Using the example
of scheduling problems in a complex shop floor system, they show the usefulness of
oculomotor analyses in industrial human–computer interaction and draw conclusions
for the design of control systems and the visualization of object-oriented data.
O’Sullivan, Dingliana and Howlett report a series of studies that used eye movements
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in the area of interactive computer graphics and virtual reality. They show how tech-
niques like gaze directed rendering and collision handling can be used to enhance the
perceived realism of images and graphical simulations in dynamic virtual environments.
The commentary to this section by Jacob and Karn provides a detailed review of the
field, from the history of eye-tracking in human–computer interaction to a discussion
of the most prominent issues in theory and methodology. Their look into the future
suggests that the application of eye movements will be an important ingredient of inno-
vative developments in several branches of modern information technologies.

A second important area of applied oculomotor research is in the field of visual
communication and media. Here it is of particular value to develop eye-tracking appli-
cations that can be used in real-life environments without considerable difficulty.
Section V comprises studies in which eye-tracking is applied to study social interac-
tion and the intake of information from modern media. Radach, Lemmer, Vorstius,
Heller and Radach demonstrate that advertisements in which the relationship between
the text and the picture is not transparent do a better job in attracting visual processing
and inducing retention in memory than those in which the content of the two types of
information explicitly converges. Stenfors, Morèn and Balkenius recorded viewers’
eye movements while they scanned internet web pages; they demonstrate (among other
things) that web advertisements can easily be ignored. Kitamura, Horii, Takeuchi,
Kotani and d’Ydewalle set out to determine the optimal speed for reading scrolling
text (i.e. one character is added to the right-hand corner of the text window while the
leftmost character is deleted). Holmqvist, Holsanova, Barthelson and Lundqvist
compare newspaper reading to netpaper reading and conclude that netpaper reading
involves more scanning in comparison to ordinary newspaper reading. De Bruycker
and d’Ydewalle examine the factors that determine the extent to which adults and chil-
dren visually process subtitles while watching subtitled movies. Gullberg reports a
study on gaze patterns during social interaction with a particular focus on the factors
that determine when the speaker’s gestures are gazed upon by the listener. Finally,
Tchalenko, Marco, Dempere, Hu and Yang provide a summary of studies examining
the eye movement patterns of artists while they draw portraits. In his commentary,
Gale welcomes the fact that applied eye movement research in the context of visual
media has gained increased popularity; at the same time, however, he sees a clear need
to extend good scientific rigor to research in this area.

All in all, the present volume demonstrates the fruitfulness of the eye tracking
methodology in tackling both theoretically motivated and applied issues. We expect
that oculomotor research will become increasingly influential, as it provides a privi-
leged means for addressing fundamental questions about the workings of the mind as
well as a tool to determine human performance in many applied settings. The novel
and diverse approaches taken in the empirical contributions presented in the present
volume are likely to trigger new lines of research and to provoke lively theoretical
debates within and beyond the eye movement research community. We also hope that
the commentary and review chapters will contribute to the solid theoretical grounding
and scientific coherence that, as we believe, is particularly valuable for a dynamically
developing field such as eye movement research.
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book possible. 
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Chapter 1

The Relationship Between Exogenous
and Endogenous Saccades and Attention

Richard Godijn and Jan Theeuwes

Visual scenes typically contain many objects that compete for the
control of attention and saccades, on the basis of their intrinsic salience
(exogenous control) or their relevance for the goals of the observer
(endogenous control). The present chapter reviews the evidence
regarding the relationship between endogenous and exogenous attention
and saccades. Furthermore, a competitive integration model is presented,
which provides a framework for understanding exogenous and endoge-
nous control of saccades as well as the relationship between attention
and saccades.

Introduction

During our everyday lives we are continuously confronted with a visual environment
containing a vast amount of information. In order to interact adaptively with the
environment we need to select the information that is relevant for our goals and to
ignore what is irrelevant. Selection may be achieved by overt orienting (saccades),
which allows the high acuity fovea to be directed to the focus of interest, or by covert
orienting (attention), which facilitates the processing of selected objects without
shifting the gaze direction. A fundamental research question concerns the mechanisms
that control what parts of the visual scene are selected. On the one hand, selection may
be controlled by stimulus properties, irrespective of the goals of the observer. For
example, a salient new object suddenly appearing in the visual field will capture our
attention (e.g. Yantis & Jonides, 1984; Jonides & Yantis, 1988; Theeuwes, 1994, 1995)
and our eyes (e.g. Theeuwes et al., 1998, 1999) even if it is irrelevant for the task at
hand. This control mode is known as exogenous control (or stimulus-driven, involun-
tary, bottom-up). On the other hand, selection may be controlled by our goals and
expectations. For example, when we are searching for a specific target object we will
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tend to select objects that share one or more feature with the target (e.g. Treisman &
Gelade, 1980; Wolfe et al., 1989; Findlay, 1997). This control mode is known as
endogenous control (or goal-directed, voluntary, top-down).

Over the past 20 years a great deal of research has been conducted to determine the
relationship between (endogenous and exogenous) shifts of attention and saccades.
Since attention and saccades both have the goal of selecting the relevant portions of
a visual scene, the idea that attention and saccades are to a certain extent related is
intuitively appealing. In this view attention and saccades are related on the basis of
their common function. That is, in order to further process and respond to an object,
both orienting systems are typically directed to the same object, although in principle
their focus may be dissociated. An alternative view which assumes a tighter relation-
ship between attention and saccades is the efference view (Posner, 1980). According
to this view attention is required at the saccade destination in order to program a
saccade. Furthermore, attention shifts are accomplished by preparing an eye move-
ment to that location (e.g. Klein, 1980; Rizzolatti et al., 1987). This does not imply
that whenever attention moves the eyes must follow. It is assumed that attention and
saccade programming are causally related, but a separate go-signal is required to
trigger the saccade that has been programmed (e.g. Deubel & Schneider, 1996;
Rizzolatti et al., 1987). Therefore, attention may move while the eyes remain fixated
(e.g. Posner, 1980).

The central goal of this chapter is to provide an overview of the evidence regarding
the nature of the relationship between attention and saccades for exogenous and endoge-
nous orienting. Furthermore, a competitive integration model will be presented (Godijn
& Theeuwes, in press-a; in press-b) in which exogenous and endogenous saccades 
are programmed within a common saccade map. This model provides a framework
within which the relation between attention and saccades may be understood.

Although there have been quite a few studies examining the relationship between
attention and saccades during reading (e.g. Morrison, 1984; Henderson & Ferreira,
1990; Henderson, 1992; Reichle et al., 1998) we consider this a separate issue with
quite specific demands on the attentional and oculomotor systems. Therefore these
studies will not be discussed.

Attention and Endogenous Saccades

The most common method to examine the relationship between attention and saccades
has been the dual-task paradigm (e.g. Deubel & Schneider, 1996; Hoffman &
Subramaniam, 1995; Kowler, et al., 1995; Shepherd et al., 1986). Typically, the
primary task is an eye movement task in which the participant is required to execute
a saccade to a peripheral saccade goal, which is indicated by a symbolic cue (e.g. an
arrow presented in the centre of the visual field). The secondary task is usually a
manual response task toward a probe stimulus which is either presented at the saccade
target location or somewhere else in the visual field. The rationale behind this proce-
dure is that, if attention precedes the eyes, identification and detection of a probe
stimulus should be facilitated when it is presented at the saccade destination compared
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to when it is presented at a different location. There is quite some evidence that when
an endogenous saccade is executed towards a particular location, performance on the
secondary manual response task is better when the probe stimulus is presented at the
saccade target location than when it is presented somewhere else in the visual field.
For example, Kowler et al. (1995) conducted a series of experiments in which 
participants were required to make a saccade while performing a letter identification
task. Participants viewed displays containing eight pre-masks on a circular array
surrounding a central fixation cross. A saccade was executed to one of the peripheral
objects as indicated by a central arrow. Simultaneously with the onset of the arrow,
the pre-masks were replaced by letters, which were masked 200 ms later. In the random
report condition the letter “Q” appeared randomly at one of the display locations at
the end of the trial and participants were instructed to report the letter that had appeared
there. In the fixed report condition participants were always required to report the letter
at a fixed location. The results showed that in the random report condition identifica-
tion accuracy was best when the saccade goal and letter target were at the same
location, which indicated that attention had preceded the eyes to the saccade goal.
However, in the fixed report condition identification accuracy was always very good
and did not depend on the location of the saccade goal. Kowler et al. suggested that
in the fixed report condition participants might have focused on the letter identifica-
tion task before programming the saccade. Indeed, saccade latencies were 50–75 ms
higher in the fixed report condition than in the random report condition. In a subse-
quent experiment Kowler et al. examined the possible interference between the letter
identification task and the eye movement task by requiring participants to perform the
tasks either alone or together under varying priority instructions. The results revealed
a trade-off between the two tasks, but in this experiment an advantage for letters
presented at the saccade destination was found in the fixed report condition as well as
in the random report condition.

Other dual-task studies that have used discrimination tasks to asses attention allo-
cation have also found perceptual benefits at the saccade destination (e.g. Deubel &
Schneider, 1996; Hoffman & Subramaniam, 1995). Furthermore, the results of these
studies indicate that the coupling between selective attention and saccades is obliga-
tory, since the perceptual benefits were still found when participants had preknowledge
of the discrimination target location.

Even though the studies discussed above indicate a strong relationship between
attention and endogenous saccades, it appears that this relationship only exists when
an identification task or a discrimination task is used as a secondary task. If the
secondary task is a detection task the results are less clear-cut. For example, Remington
(1980) used a threshold detection task in which on half of the trials a brief luminance
increment occurred at one of three positions (left, center, right). The luminance incre-
ment occurred at varying stimulus-onset-asynchronies (SOAs) relative to the
presentation of a central arrow cue, which indicated the saccade goal. The results
revealed no effect of saccade goal on detection accuracy when the luminance incre-
ment occurred during the interval between presentation of the saccade cue and saccade
execution. Remington interpreted these results as evidence that attention did not
precede endogenous saccades (see also Klein, 1980). There appears to be only one
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study that did find perpetual benefits at the saccade destination using a detection 
task (Shepherd et al., 1986). However, as pointed out by Hoffman (1998) the results
of Shepherd et al. are hard to interpret, since in their study the detection probe
remained visible until after the manual response. Since the manual response often
occurred after the eyes had moved, the perceptual benefits at the saccade destination
could have been due to the facilitated processing of foveated probes.

Another task that requires the detection of stimuli is the temporal order judgment
task (TOJ task; e.g. Stelmach & Herdman, 1991; Maylor, 1985). In a TOJ task two
stimuli are presented in the periphery and participants are required to judge which
stimulus was presented first. This task has been found to be sensitive to attentional
allocation (e.g. Stelmach & Herdman, 1991; Maylor, 1985). That is, if one of the TOJ
stimuli is presented at the attended location, this stimulus is judged to have appeared
first on the majority of trials on which both TOJ stimuli are presented simultaneously.
Stelmach et al. (1997) used this task to examine the relationship between attention and
endogenous saccades. Participants executed a saccade in the direction indicated 
by an auditory cue (“left” or “right”) or they maintained fixation when the auditory 
cue “center” was presented. After a varying SOA relative to the saccade cue the TOJ
stimuli were presented. The rationale was that if attention preceded the eyes the stim-
ulus at the saccade destination should have been judged to have appeared first on the
majority of trials. The results revealed no effect of saccade destination, suggesting that
attention did not precede the eyes.

When examining these results it is not immediately clear why the relationship
between attention and endogenous saccades cannot be established when a probe detec-
tion task or a TOJ task is used. One possible explanation is provided by Stelmach 
et al. (1997). They argued that there may be two types of attention referred to as selec-
tive and preparatory attention. According to their view, identification tasks assess
selective attention while detection tasks assess preparatory attention (Stelmach et al.,
1997; also see LaBerge, 1995). When a number of objects are present in a visual scene
selective attention allows processing operations to be performed on the selected object
while the other objects are ignored (or “filtered out”). Preparatory attention refers to
an attentional shift to a specific location in anticipation of a specific object. That is,
preparatory attention operates on the basis of expectations concerning when and where
a task-relevant object will appear. Stelmach et al. argued that selective attention may
operate in the order of tens of milliseconds while preparatory attention may operate
in the order of hundreds of milliseconds. This would explain why tasks that have
assessed selective attention (e.g. identification and discrimination tasks) have provided
evidence for a strong link between attention and saccade programming while tasks that
have assessed preparatory attention (e.g. detection and TOJ tasks) have not. Since
endogenous saccade latencies range from 200–400 ms, preparatory attention may be
too slow to precede a saccade. Furthermore, since attention and saccades have the
common function of selecting the relevant information in a visual scene, it makes intu-
itive sense that selective attention precedes saccades, but preparatory attention does
not. In fact, according to Schneider and Deubel (Schneider & Deubel, 2002; Schneider,
1995; Deubel & Scheider, 1996) attention is a common selection mechanism for
saccades (or actions in general) as well as for perception.
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Another speculation might be that a detection task does not need the same focused
attention as identification tasks do. There is evidence that the detection of simple
features (i.e., a probe onset) can proceed pre-attentively without the need for focused
attention. Indeed, participants may “know” that something was presented but may not
know where in the visual field this occurred (Sagi & Julesz, 1985). The detection of
a basic feature may occur without the necessity of allocating spatial attention and 
the generation of a spatial code for the execution of the endogenous saccade and the
(pre-attentive) detection of the probe may therefore proceed without any interference.
In other words, detection of probes may not benefit from the allocation of spatial atten-
tion and therefore it may appear that there is no relation between attention and
endogenous saccades when a detection task is used.

Attention and Exogenous Saccades

The evidence reviewed in the previous section suggests that attention does precede
endogenous saccades. An equally fundamental question is whether attention also
precedes exogenous saccades. Exogenous saccades are saccades that are triggered by
some event in the environment and are executed independent of the goal of the
observer. It is well known that abrupt onsets have the ability to capture attention inde-
pendent of the goals of the observer (Yantis & Jonides, 1984; Theeuwes, 1991, 1994,
1995). Therefore, it is likely that abrupt onsets may also elicit exogenous saccades.
Thus, similar to the paradigms employed to investigate endogenous saccades, in a
number of dual-task studies abrupt onsets were presented in the periphery to elicit
“exogenous” saccades and performance on a secondary manual response task, sensi-
tive to attentional allocation, was examined. With this type of set-up, several studies
have indeed found a consistent relationship between attention and exogenous saccades
(e.g. Remington, 1980; Posner, 1980; Stelmach et al., 1997; Schneider & Deubel,
2002). However, there is a fundamental methodological issue to consider. The ques-
tion is whether in these studies the saccades made toward the onset were truly
“exogenous”. Participants received the instruction to make an eye movement toward
the abrupt onset and this added an endogenous component to the exogenous proper-
ties of the abrupt onset. The only way to investigate genuine exogenous saccades is
to provide an explicit endogenous saccade goal that is different from the location of
the abrupt onset. If a saccade is made to the onset even though the observer had the
intention to execute a saccade toward another goal only then one can speak of an
exogenous saccade.

In the literature there appear to be only two paradigms that fulfil these requirements
and are able to generate genuine exogenous saccades. First, in the anti-saccade task
(e.g. Hallet, 1978; Mokler & Fischer, 1999) an abrupt onset is presented in the
periphery and participants have the task of executing a saccade in the opposite direc-
tion. Saccades that are correctly executed toward the opposite location (so-called
anti-saccades) are considered to be endogenous while saccades that are erroneously
executed toward the onset (pro-saccades) are considered exogenous (e.g. Klein &
Shore, 2000). Typically participants make these erroneous pro-saccades on about 10
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to 30% of the trials, depending on the specific characteristics of the task (e.g. Fischer
& Weber, 1992, 1996; Mokler & Fischer, 1999). For example, when the fixation point
is removed shortly before the onset appears the proportion of erroneous pro-saccades
is increased (e.g. Fischer & Weber, 1992; Reuter-Lorenz et al., 1995). Latencies of
exogenous pro-saccades are generally significantly shorter than latencies of endoge-
nous anti-saccades (e.g. Hallet, 1978).

A second paradigm that is assumed to generate genuine exogenous saccades is the
oculomotor capture paradigm (e.g. Theeuwes et al., 1998, 1999). In this task, partici-
pants viewed displays containing six equi-spaced grey circles presented on an
imaginary circle around a central fixation point. After one second all of the circles but
one changed to red. Participants had the explicit instruction to make a saccade towards
the only grey element in the display. On some trials, an irrelevant red circle, presented
with an abrupt onset, was added to the display. In Theeuwes et al. (1999) a control
condition was used in which an additional non-onset distractor was added to the
display at the beginning of the trial. In Theeuwes et al. (1998) there was no additional
non-onset distractor on trials without an onset. The results of both studies showed that
when no onset was added to the display, observers generated endogenous saccades
that went directly towards the uniquely coloured circle. However, on those trials on
which an onset was added to the display, the eyes went in the direction of the onset
on about 30 to 40% of these trials, stopped briefly, and then went on to the target.
Figure 1.1 shows the results. The graphs on the left side depict the control condition
without the onset; the graphs on the right side depict the condition in which an onset
was presented. Note that in the condition with the onset, the eyes often went to the
onset. This occurred even when the onset appeared on the opposite side of the target
circle, although the proportion of saccades to the onset was greater at a 90° separation
than at a 150° separation.

Since participants were required to execute a saccade to the uniquely coloured
elements they had a clear top-down goal. However, despite this endogenous goal, on
about 30 to 40% of the trials on which an onset was presented a saccade was executed
toward the abrupt onset (see Figure 1.1). These saccades can be considered as
genuinely exogenous, since they are completely irrelevant for the task at hand and
were executed even though there was an explicit instruction to move the eyes to
another location. Saccades made to the colour singleton are considered endogenous
(e.g. Theeuwes et al., 1998, 1999; Klein & Shore, 2000).

The oculomotor capture paradigm has a few advantages over the anti-saccade task
(see also Klein & Shore, 2000). First, the location of the target is completely inde-
pendent from that of the onset. In contrast, in the anti-saccade task the anti-saccade
location is defined in terms of the location of the onset (i.e. the anti-saccade location
is always opposite the onset). Second, in the oculomotor capture paradigm the compe-
tition between exogenous and endogenous saccades can be examined by comparing
saccade behaviour on trials on which an onset is presented with trials on which no
onset is presented. This is obviously impossible in the anti-saccade task. Third, in the
anti-saccade task there are often not enough erroneous pro-saccades to allow a reli-
able statistical analysis. Several additional manipulations have been used to increase
the number of pro-saccades. For example, by removing the fixation point and by
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Figure 1.1: Oculomotor capture. Data from Theeuwes et al. (1999). Eye movement
behaviour in the condition in which an abrupt onset was presented simultaneously with
the target. The results are collapsed over all eight participants and normalised with
respect to the position of target and onset. Sample points (every 4 ms) were only taken
from the first saccade. Left panels: Eye movement behaviour in the control condition
in which no abrupt onset was presented. Right panels: Eye movement behaviour in the
condition in which an abrupt onset was presented; Either close to the target (TOP),
somewhat away from the target (MIDDLE) or at the opposite side from the target 

(BOTTOM). From Theeuwes et al. (1999).



presenting a pre-cue at the saccade location before the imperative stimulus (e.g. Mokler
& Fischer, 1999) researchers were able to increase the percentage of pro-saccades to
about 20%. However, additional manipulations such as the presentation of a pre-cue
may affect the allocation of attention when an exogenous pro-saccade or endogenous
anti-saccade is programmed. Note that in the oculomotor capture paradigm exogenous
saccades to the onset are elicited on about 30% of the trials even without additional
manipulations such as pre-cues and offset of the central fixation point.

Now that we have introduced two paradigms in which genuine exogenous saccades
are generated we can address the question whether there is a relationship between
attention and exogenous saccades. To date there are not many studies that have
addressed this issue.

Attention and Exogenous Saccades in the Anti-saccade
Paradigm

Recently, two (unpublished) studies have examined the attentional allocation prior to
exogenous and endogenous saccades in the anti-saccade task. Both studies used a dual-
task paradigm in which the primary task was an anti-saccade task and the secondary
task was a letter discrimination task. In Mokler et al. (2000) participants viewed
displays containing two figure-eight pre-masks left and right of a central fixation point.
After one second there was an onset of the anti-saccade stimulus around one of the
pre-masks. In order to raise the probability that participants would generate erroneous
pro-saccades to the onset of the anti-saccade stimulus the fixation point was removed
200 ms before the onset of the anti-saccade stimulus (e.g. Fischer & Weber, 1992) and
a 100% valid pre-cue was presented at the location to which a saccade would be
required (e.g. Fischer & Weber, 1996; Mokler & Fischer, 1999). Some line segments
of the pre-masks were removed 20 or 120 ms after the onset of the anti-saccade stim-
ulus, revealing two letters. One of the letters was the discrimination target (“E” or
“reversed E”). Another 100 ms later the letters were masked. Participants were
required to execute a saccade in the opposite direction of the anti-saccade stimulus
and to determine the identity of the discrimination target. Furthermore, in addition to
the typical secondary manual response task, participants were required to indicate
whether they thought they had made an erroneous pro-saccade to the onset of the anti-
saccade stimulus. The results showed that erroneous pro-saccades were made on 20%
of the trials. On 57% of these trials participants were unaware that they had made a
pro-saccade. When the eyes went directly to the saccade target location discrimination
accuracy was highest when the discrimination target was presented at the saccade
target location, suggesting that attention preceded endogenous anti-saccades. When
erroneous pro-saccades were perceived discrimination accuracy was highest when the
discrimination target was presented at the location of the anti-saccade stimulus.
However, when erroneous pro-saccades were unperceived discrimination accuracy was
highest when the discrimination target was presented at the saccade target location.
According to Mokler et al. (2000) this suggested that unintended saccades could be
executed without a presaccadic shift of attention. However, this lacked an adequate
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control condition. Since there was no non-attended control location it could not be
determined whether attention moved to both locations or to just one (see Godijn &
Theeuwes, in prep. showing evidence for the parallel allocation of attention to two
non-contiguous locations when preparing two saccades).

Another recent study by Irwin et al. (submitted) was very similar to Mokler et al.
In Irwin et al. a pre-cue was also used to induce erroneous pro-saccades. However, the
pre-cue was completely non-predictive of the saccade target location, whereas 
in Mokler et al. (2000) the precue was 100% valid. Another difference compared to
Mokler et al. (2000) was that the discrimination letters were briefly flashed in Irwin et
al. but not masked as in Mokler et al. In contrast to the results of Mokler et al. (2000)
discrimination accuracy was always higher at the location to which the eyes moved
compared to the opposite location. Furthermore, discrimination accuracy did not differ
between trials on which the erroneous pro-saccades were perceived and those on which
they were not. These results suggest that attention preceded endogenous saccades to
the saccade target location as well as exogenous saccades to the anti-saccade stimulus.

One factor that may have affected the results in both Mokler et al. and Irwin et al.
is the presentation of the pre-cue. In Mokler et al. it always indicated the saccade target
location, but in Irwin et al. it was non-predictive of the saccade target location.
Previous research has shown that when peripheral cues are non-predictive of the target
location, responses to a target presented at least a few hundred milliseconds later at
the cued location are delayed (e.g. Posner & Cohen, 1984; Rafal et al., 1989) and
discrimination performance at that location is impaired (Lupiáñez et al., 1997; Pratt
et al., 1997). This phenomenon, known as inhibition-of-return (Posner & Cohen, 1984)
will be discussed further in the following section. Since the vast majority of erroneous
pro-saccades in Irwin et al. were made when the anti-saccade stimulus appeared at the
location opposite the pre-cue it is possible that discrimination accuracy was higher at
the location of the anti-saccade stimulus than at the saccade target location, because
of inhibition-of-return (IOR) to the location of the precue.

Taken together, on the basis of the studies by Mokler et al. (2000) and Irwin et al.
(submitted) it is unclear whether attention precedes exogenous saccades in the anti-
saccade paradigm.

Attention and Exogenous Saccades in the Oculomotor
Capture Paradigm

Theeuwes et al. (1999, Experiment 2) addressed the question whether exogenous
saccades to the onset in the oculomotor capture paradigm are preceded by a shift of
attention. Participants had to make a saccade to the uniquely coloured grey circle in
order to identify a small letter (C or reversed C) contained within it. In addition, a
large irrelevant letter was presented at the location of the onset. This letter could be
either congruent or incongruent with the letter inside the uniquely coloured grey circle.
Due to the relatively large size of the letter inside the onset its identity could be deter-
mined by a shift of covert attention. In other words, it was not necessary to execute a
saccade to the location of the onset to identify the letter inside it. On congruent trials,
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the large letter was identical to the letter appearing in the singleton target, so that the
letter inside the onset activated the same response as the letter in the singleton target.
On incongruent trials, the large letter was different from the letter appearing in the
singleton target, so that the large letter activated the inappropriate response. Theeuwes
et al. reasoned that if congruency of the letter inside the onset would have an effect
on responding to the letter contained in the grey target circle, attention must have
shifted to the location of the onset. The results indicated a reliable congruency effect
on trials on which the eyes went directly to the target. Theeuwes et al. concluded that
regardless of whether an exogenous saccade was executed toward the onset, attention
always went to the location of the onset.

However, the method employed by Theeuwes et al. (1999) was problematic for a
number of reasons. First, because a large response relevant letter was present at the
location of the onset, this location may have received attention, not because an irrel-
evant element was presented at that location, but because an element was presented
that contained a large and response-relevant letter. If the response-relevant identity 
of the letter in the onset attracted attention to that location, it is hard to claim that it
was the onset that captured attention. A second reason for questioning thet congru-
ency manipulation of Theeuwes et al. (1999) was offered by Folk and Remington
(1998). In line with the notion of perceptual load (Lavie, 1995), they suggested that
when the number of objects is small, identity information can influence response mech-
anisms in parallel. In other words, they claimed that attention may have gone in parallel
to both the singleton target and the onset containing the large letter causing a congru-
ency effect on responding.

A recent study by Godijn and Theeuwes (in press-a) examined whether inhibition-of-
return (IOR) occurs at the location of the onset in the oculomotor capture paradigm. This
study is relevant for this issue, since the standard claim underlying inhibition-of-return
(IOR) is that attention is inhibited from returning to a previously attended location (e.g.
Posner & Cohen, 1984; Pratt et al., 1997). Furthermore, saccades are also inhibited from
moving to a previously attended location (e.g. Abrams & Dobkin, 1994). Similar to
Theeuwes et al. (1999) participants were instructed to execute an endogenous saccade
to a uniquely coloured target while a task-irrelevant onset was presented at a different
location. After fixating the initial target another object became the next saccade target.
This was done by changing the colour of one of the distractor circles into the target
colour (from red to grey). The new target was presented at the location at which the onset
had previously appeared or at the location of one of the non-onset distractors. The results
confirmed earlier findings of Theeuwes et al. (1999) that attention was captured by the
onset even when the eyes went directly to the target. Saccade latencies to the second 
target were longer when the new target appeared at the location at which the onset 
had appeared than when it appeared at another location. The size of this IOR effect 
was the same regardless of whether the eyes first went to the onset or to the initial 
target location.

The evidence from Godijn and Theeuwes (in press-a) that onsets capture attention
even when the eyes go directly to the target is indirect and based on the assumption
that IOR reflects the previous allocation of attention. No study has directly examined
the allocation of attention in the oculomotor capture paradigm. Therefore, further
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research is needed to address this issue. Using a dual-task paradigm with the oculo-
motor capture paradigm instead of the anti-saccade task would have a number of
distinct advantages. First, discrimination targets may also be presented at non-onset
distractors at which attention is typically not directed (e.g. Theeuwes et al., 1998,
1999). This would provide a suitable control condition with which discrimination accu-
racy of targets at the saccade target and onset may be compared. Second, in the
oculomotor capture paradigm a condition in which an onset is presented may be
compared with a condition in which no onset is presented. If attention is captured by
the onset on trials on which the eyes directly move to the saccade target it may be
expected that discrimination accuracy of letters presented at the saccade target location
is higher when the eyes go to the saccade target on no-onset trials than on onset trials.

Exogenous Saccades and Awareness

The question whether attention precedes exogenous saccades has also been addressed
by examining observers’ conscious awareness (e.g. Mokler & Fischer, 1999). In fact,
Mack and Rock (1998) have argued that conscious awareness is a prerequisite of atten-
tion. Thus, if a specific object did not reach conscious awareness it could not have
captured attention. Likewise, it has been suggested that the awareness of gaze posi-
tion depends on attentional allocation (e.g. Deubel et al., 1999; Mokler & Fischer,
1999). This idea is supported by a study by Deubel et al., (1999). In this study partic-
ipants had the task of executing a saccade to a target location. Furthermore, a probe
stimulus was presented at varying SOAs relative to the signal to move the eyes. At
the end of the trials participants were required to indicate where they were looking
when the probe stimulus appeared. The results showed that they tended to judge 
that they were looking at the saccade location well before they actually moved their
eyes. Since it is assumed that attention precedes the eyes to the saccade destination,
Deubel et al. concluded that the attended location was typically misinterpreted as the
gaze position.

If it is assumed that the perception of gaze position requires attention then it is
possible that saccades that go unnoticed by observers are not preceded by attention.
A number of studies have in fact shown that observers are often unaware that they
execute exogenous saccades toward onsets in the anti-saccade task (e.g. Mokler &
Fischer, 1999; Mokler et al., 2000) and in the oculomotor capture paradigm (Theeuwes
et al., 1998, 1999). Mokler and Fischer (1999) interpreted this finding as evidence that
involuntary (exogenous) saccades are often not preceded by attention.

An alternative possibility is that exogenous saccades are always preceded by atten-
tion, but whether the change in gaze position reaches awareness depends on the speed
of disengagement. It has been suggested that conscious awareness requires a certain
degree of sustained allocation of attention (e.g. Most & Simons, 2001; Neisser, 1967).
Therefore, it is possible that when attentional allocation on the location of the onset
is too brief the erroneous saccade to the onset will not be perceived. Moreover, a
number of studies have found evidence that attention and awareness can be dissoci-
ated (e.g. McCormick, 1997; Kentridge et al., 1999; Lambert et al., 1999).
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Speed of Attentional Disengagement, Awareness and
Oculomotor Capture

As an alternative to the view that in the anti-saccade task and oculomotor capture para-
digm unperceived erroneous saccades to the onset are not preceded by attention, we
propose that attention is always captured by the onset and whether the eyes move to
the onset and whether these erroneous saccades are perceived depends on the speed
of attentional disengagement from the location of the onset. This proposal is based on
the following four assumptions. First, we assume that onsets capture attention, at least
when attention is not already engaged on an object when the onset appears (e.g. Yantis
& Jonides, 1990; Theeuwes, 1991). Second, erroneous saccades to the onset are only
perceived when attention is directed to the onset for a sufficient amount of time. Third,
attention is required at the saccade destination in order to program a saccade (e.g.
Deubel & Schneider, 1996; Kowler et al., 1995; Rizzolatti et al., 1987). According to
this assumption short fixation durations on the onset prior to a saccade to the target
location (e.g. Theeuwes et al., 1998, 1999; Mokler & Fischer, 1999) can only occur
if attention shifts to the target location prior to the execution of the saccade to the
onset. Furthermore, saccade programming will not be completed if attention disen-
gages too soon. Fourth, shifts of exogenous attention are faster than shifts of endoge-
nous attention (e.g. Theeuwes et al., 2000). Therefore, in the oculomotor capture 
paradigm and the anti-saccade task the attention shift to the onset precedes the atten-
tion shift to the target location.

Given these assumptions the saccade behaviour and the awareness of the gaze posi-
tion critically depend on the attentional capture by the onset and the speed of
attentional disengagement from the location of the onset. If attentional disengagement
from the onset is extremely fast, no saccade will be executed to the onset. In this case,
attention will move from the onset location to the target location. Attention is then
engaged on the target location for a sufficient amount of time to allow saccade
programming to the target location. If attentional disengagement from the onset loca-
tion is slower a saccade will be executed to the onset. These erroneous saccades to the
onset can be distinguished on the basis of whether or not participants are aware of the
erroneous saccade. This also depends on the speed of disengagement. Thus, when
attentional disengagement from the onset location is relatively fast (but not fast enough
to prevent an erroneous saccade) participants will not notice they moved their eyes
toward the onset. If attentional disengagement is relatively slow participants will
become aware of the erroneous saccade. Obviously, these are speculations which need
to be tested in future research.

The Competitive Integration Model

Godijn and Theeuwes (in press-a, in press-b) developed a competitive integration
model to account for the competition between exogenous and endogenous saccade
programming. This model is primarily based on saccade behaviour from a variety of
different tasks, but it also provides a framework within which the relationship between
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attention and saccades and phenomenon such as IOR may be understood. We first
discuss the assumptions concerning saccade programming and from there we turn to
the control signals that precede the final saccade programming stage.

Architecture

The competitive integration model (e.g. Godijn & Theeuwes, in press-a, in press-b)
assumes that exogenous and endogenous saccades are programmed in a single oculo-
motor system. Similar to a number of previous models (e.g. Kopecz, 1995; Findlay &
Walker, 1999; Trappenberg et al., 2001) the competitive integration model assumes
that saccade programming occurs on a common saccade map, in which information
from different sources (e.g. endogenous and exogenous) is integrated. Figure 1.2 illus-
trates the basic idea. Saccade-related activation at one location spreads to neighbouring
locations, but inhibits distant locations (Figure 1.2a). Thus, saccade programming is a
competition between activations at locations represented in the saccade map. When
two relatively distant locations are activated this activation is mutually inhibitory
(Figure 1.2b), but when two nearby locations are activated, this activation is mutually
excitatory (Figure 1.2c).

Temporal Trigger

It is assumed that a saccade is executed when a certain activation threshold is reached
in the saccade map. In contrast to Findlay and Walker’s (1999) model there are no
separate “fixate” and “move” centres. Instead, the fixation location is part of the
saccade map. Fixation-related activity is a critical aspect for the temporal trigger.
When observers are actively fixating a specific location, the central portion of the
saccade map is strongly activated (Krauzlis et al., 1997; also see Kopecz, 1995).There
is lateral inhibition between the fixation location and peripheral locations precisely like
the lateral inhibition between distant peripheral locations. Therefore, when the fixa-
tion location is strongly activated this prevents the threshold from being reached at
peripheral locations. When a saccade is required the fixation-related activation may be
inhibited (typically referred to as oculomotor disengagement) releasing peripheral
locations from the lateral inhibition from the fixation location.

Saccade Destination

The competitive integration model assumes that the saccade is directed to the mean
vector of activity in the saccade map once the threshold is reached (e.g. Tipper et al.,
2000, 2001). Therefore, when other locations are activated when a threshold is reached,
deviations of the saccade trajectory from the threshold location will occur. When two
nearby locations are strongly activated the eyes will typically land somewhere between
the two locations (e.g. Coren & Hoenig, 1972; Findlay, 1982; Godijn & Theeuwes, in
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press-b). However, when two distant locations are strongly activated, the mutual inhi-
bition will prevent the threshold from being reached.

Location-specific Inhibition

In order to execute a saccade to a target location, activation at other locations that are acti-
vated (e.g. the location of a task-irrelevant onset) needs to be inhibited. In addition to the
lateral inhibition in the saccade map another inhibitory mechanism is assumed, which acts
directly on the activation at a specific location (e.g. Tipper et al., 2001). This allows the
conflict between two locations to be resolved and biases saccade programming toward
desired locations. This location-specific inhibition may result in a sub-baseline activation
level causing the eyes to deviate away from the inhibited location (e.g. Tipper et al., 2000,
2001; also see Doyle & Walker, 2001; Sheliga et al., 1994, 1995), because the mean 
vector of activity will be shifted away from the inhibited location.

16 Richard Godijn and Jan Theeuwes

Figure 1.2: Activation patterns in the saccade map. (A) When a saccade is programmed
to a certain location “x” in the saccade map, representing a location in the visual field,
the activation spreads out to neighbouring locations, but inhibits distant locations. (B)
When two saccades are programmed in parallel, activation related to both goals (the
broken lines) is combined (continuous line) and when the two locations are relatively
far apart activation is mutually inhibitory. (C) On the other hand, when two locations
are relatively close together, the combined activation may result in a high activation 
peak somewhere between the two locations. From Godijn and Theeuwes (in press-b).



Attentional Control Signals

Before a saccade can be programmed to a specific location, control signals must be
delivered to the saccade programming map. In a visual scene there are typically many
potential targets for a saccade and therefore selection is required. In accordance with
Schneider (1995) we propose that there is a common attentional selection mechanism
for saccades and sensory processing. Thus, when an attentional control signal is
applied to the saccade map in order to program a saccade the control signal is also
applied to the visual system in which object features are processed (see also Chelazzi
& Corbetta, 2000). Therefore, processing of object features is facilitated at the saccade
destination. In addition, when a location in the saccade map is strongly activated,
control signals may be applied to that location preventing the saccade. This inhibitory
control signal is also passed on to the visual system responsible for the processing of
object features resulting in impaired processing of object features at the saccade desti-
nation.

Neural Correlates

The superior colliculus (SC) is typically considered the locus of the final stage of
saccade programming (for reviews see Schall, 1991; Wurtz et al., 2000; Sparks &
Mays, 1981). The architecture of the SC is consistent with the competitive integration
model (e.g. Olivier et al., 1998; Munoz & Istvan, 1998) and it receives cortical input
from a number of areas such as the frontal eye fields (FEF) and the lateral intraparietal
region (LIP) in the posterior parietal cortex (PPC). It has been suggested that a fronto-
parietal circuit involving these areas is responsible for delivering the control signal
required for saccade programming (e.g. Chelazzi & Corbetta, 2000). Furthermore lesion
studies have suggested that the FEF is involved in inhibiting saccades (e.g. Guitton et
al., 1985; Henik et al., 1994; Rafal et al., 2000). The LIP not only projects to the SC,
but also to areas in the temporal and visual cortex, in particular IT and V4. Area V4 is
specialized in processing object features, while IT is specialised in processing complex
objects (Tanaka, 1993). According to LaBerge (1995) when a location is selected acti-
vation flows from the PPC to V4 and on to IT and enhances activation at the selected
area while suppressing activation at surrounding areas. In the context of the competi-
tive integration model it may be proposed that the attentional control signals arise from
a fronto-parietal circuit including the FEF and LIP and are expressed in the SC for
saccade programming and in visual areas such as V4 and IT in order to facilitate the
perceptual processing at the selected location.

An Oculomotor Suppression Hypothesis of IOR

Within the framework of this competitive integration model Godijn and Theeuwes (in
press-a) proposed an account of IOR based on oculomotor suppression. According to
this account IOR is a result of a location-specific inhibition in the saccade map. This
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inhibition is applied to a specific peripheral location in order to prevent the execution
of a saccade. Furthermore, when a saccade is required activation at the fixation loca-
tion is inhibited, releasing peripheral locations from the lateral inhibition from the
fixation location. The location-specific inhibition causes a sub-baseline level of acti-
vation of the inhibited location. Within the framework of the competitive integration
model the consequence of this inhibition is twofold: Subsequent saccades to the inhib-
ited location are delayed (e.g. Abrams & Dobkin, 1994; Klein & MacInnis, 1999;
Godijn & Theeuwes, in press-a). That is, it takes longer for the threshold to be reached
at that location. Furthermore, saccade trajectories deviate away from the previously
inhibited location (e.g. Tipper et al., 2000, 2001; Sheliga et al., 1994, 1995; Doyle &
Walker, 2001), since the mean vector of activity shifts away from the inhibited loca-
tion. Figure 1.3 illustrates this idea. Shown is the saccade map representing activations
that occur during a typical trial on which the eyes move to the target. At the start of
the trial there is strong activation around the central fixation location (Figure 1.3a).
After the presentation of the target display the fixation location receives top-down inhi-
bition as the observer prepares to make a saccade (1.3b). Before the activation at the
onset location can reach threshold target-related input reaches the saccade map and
top-down inhibition acts on the location of the onset distractor (1.3d). Due to the inhi-
bition at the location of the onset distractor the eyes move to the target, but with a
slight deviation in the trajectory away from the onset distractor. If the activation at the
onset distractor sets in too late to prevent the threshold from being reached at the loca-
tion of the onset distractor the eyes first move to the onset distractor. If the activation
of the onset distractor is inhibited shortly after the threshold is reached the saccade
may fall short of the onset distractor and the reduced activation at that location will
allow the threshold to be reached at the target location relatively quickly. This is
consistent with the findings of Godijn and Theeuwes (in press-a, in press-b). In addi-
tion, subsequent saccades to the location of the onset distractor will be delayed (Godijn
& Theeuwes, in press-a).

Relation to Other Models

Relations to Other Models of Saccade Programming

Previous models of saccade programming have typically assumed separate systems for
the spatial and temporal aspects (“WHEN” and “WHERE”) of saccade control (e.g.
Findlay & Walker, 1999; Becker & Jürgens, 1979). These models are consistent with
findings from double-onset studies (e.g. Walker et al., 1995, 1997; Ottes et al., 1985;
Lévy-Schoen, 1969). In these studies participants were required to execute a saccade
to a target presented with an abrupt onset. On some trials an onset distractor was also
presented simultaneously with the target. These studies showed that distractors that
were presented near a saccade target affected the endpoint of the saccade, but not the
latency, while distractors presented far from the saccade target affected the latency, but
not the endpoint. Specifically, when a distractor was presented near the saccade target
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