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        The talks will take place in the Nuffield Theatre and associated lecture theatres. 

         The posters and exhibits will be situated in the Garden Court. 



5 

 

Information  for Conference Delegates 

 

Welcome to the 15
th
 European Conference on Eye Movements. The conference will begin with 

an address by the Mayor of Southampton, followed by a brief welcome from Professor Rudolf 

Groner.  This will then be followed by a packed scientific program of almost 350 presentations. 

We hope you enjoy both the academic and intellectual aspects of the conference, as well as the 

social events that we have organised.  

 

Organisers       Abstract Reviewers 

Simon Liversedge      Valerie Benson 

Sheena Au Yeung      Hazel Blythe  

Valerie Benson      Monica Castelhano 

Hazel Blythe       Trevor Crawford 

Denis Drieghe       Denis Drieghe 

Julie Kirkby       Stefan Everling 

Louise-Ann Leyland      Alastair Gale 

Kathryn Smith       Wolfgang Jaschinski 

Website Support      Reinhold Kliegl 

David Davies       Simon Liversedge 

Richard Dudley      Susana Martinez-Conde 

Website Design      Kevin Paterson 

Matthew Vitiello      Keith Rayner  

        Benjamin Tatler 

        Françoise Vitu-Thibault 

Robin Walker 

Sarah White 
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Keynote Speakers 

 

 

Robert H. Wurtz 

Laboratory of Sensorimotor Research, National Eye Institute, NIH 

ñKeeping track of saccades: Brain circuits for corollary dischargeò 

 

 

Mary M. Hayhoe 

Center for Perceptual Systems, University of Texas Austin 

ñAdaptive gaze control in the natural worldò 

 

 

Eyal Reingold 

Department of Psychology, University of Toronto 

ñUsing eye movements to determine the time course of mental processesò 

 

 

Reinhold Kliegl 

Department of Psychology, University of Potsdam 

ñDistributed processing during reading fixationsò 
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Conference Schedule 
 

Monday 24
th

 August 2009 

 

8.30-

9.00 

OPENING ADDRESS GIVEN BY THE MAYOR OF SOUTHAMPTON  

Theatre Auditorium  

9.00-

10.00 

INVITED TALK by Robert H. Wurtz  

Theatre Auditorium  

10.00-

10.20 
BREAK 

Room 
Theatre  

Auditorium  

Lecture Theatre  

H (Room 2065) 

Lecture Theatre  

J (Room 2077) 

Nuffield Lecture 

Room A 

10.20-

12.00 

Imaging of the 

saccadic system 

 

Chairs: Iain 

Gilchrist and 

Robin Walker 

Language processing 

during reading 

 

Chair: Barbara Juhasz 

Scene perception 1 

 

Chair: Ralf Engbert 

Attention  

 

 

Chair: Jan Theeuwes 

10.20-

10.40 
Everling et al. White et al. Smith & Henderson 

Belopolsky & 

Theeuwes 

10.40-

11.00 
Gilchrist et al. Juhasz et al. Follet et al. Kerzel & Souto 

11.00-

11.20 
Sumner et al. Warren & Morris Nuthmann et al. Oksama & Hyönä 

11.20-

11.40 
Hodgson Scougal & Murray Lintu & Carbonell Lange et al. 

11.40-

12.00 
Walker et al. 

von der Malsburg &  

Vasishth 
Mergenthaler & Engbert Mathôt & Theeuwes 

12.00-

14.00 
LUNCH               POSTER SESSION (A) Garden Court 
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Room 
Theatre  

Auditorium  

Lecture Theatre  

H (Room 2065) 

Lecture Theatre  

J (Room 2077) 

Nuffield Lecture 

Room A 

14.00-

16.00 

Parafovealprocess

ing during 

reading 

 

Chair: Denis 

Drieghe 

Eye movements &  

concurrent 

electrophysiological 

measurement (ERPs, 

EEGs) 
Chair: Thierry Baccino 

Eye movements in 

special populations 

 

 

Chair: Paul Bays 

Applications 1 

 

 

 

Chair: Eva Siegenthaler 

14.00-

14.20 
Drieghe et al. Dambacher et al. Adam et al. Voɓkühler et al. 

14.20-

14-40 
Masserang et al. Dimigen et al. Krejtz et al. Kenny 

14.40-

15.00 
Risse & Kliegl Simola et al. Landgraf et al. Kotani et al. 

15.00-

15.20 
Angele & Rayner Hawelka et al. 

Kaltenbacher & 

Hummer 
Droege & Paulus 

15.20-

15.40 

Miellet, O'Donnell 

et al. 
Graupner et al. Bays et al. Holmes & Zanker 

15.40-

16.00 

Wotschack & 

Kliegl 
Baccino Van der Stigchel et al. Pasupa et al. 

16.00-

16.20 
BREAK 

16.20-

18.00 

Neurophysiology 

& eye movements 

1 

Chair: Stefan 

Everling 

Reading in Chinese 

and Thai: A challenge 

to current models 

Chair: Ronan Reilly 

Eye movements in 

Autism 

 

Chair: Valerie Benson 

Binocular eye 

movements 

 

Chair: John Semmlow 

16.20-

16.40 
 Yang et al. Benson et al. Kitamura et al. 

16.40-

17.00 
Ford & Everling Reilly et al. Stagg et al. Semmlow et al. 

17.20-

17.40 
Ikeda et al. Yan, Kliegl et al. Norbury et al. Yang & Kapoula 

17.40-

18.00 
Goonetilleke et al. Yan, Shen et al. Kuhn & Leekam Horii et al. 

18.00-

20.00 
POSTER SESSION (B) Garden Court  (CHEESE & WINE RECEPTION) 
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Tuesday 25
th

 August 2009 

9.00-

10.00 
INVITED TALK by Mary M. Hayhoe  

Theatre Auditorium  

10.00-

10.20 
BREAK 

Room 

 
Theatre Auditorium  

Lecture 

Theatre H 

(Room 2065) 

Lecture Theatre  

J (Room 2077) 

Nuffield Lecture 

Room A 

10.20-

12.00 

Higher order 

influences on 

reading 

Chairs: Erik Reichle 

& Tessa Warren 

Oculomotor 

control 1 

 

Chair: Paul 

Knox 

Neurophysiology & eye 

movements 2 

 

Chair: Fred Hamker 

Eye movements in 

the real world 

 

Chair: Christina 

Howard 

10.20-

10.40 
Staub 

Nystrom & 

Holmqvist 
Hamker Dalzel-Job et al. 

10.40-

11.00 
Reichle & Warren Laurutis et al. Ziesche & Hamker Vikstrom 

11.00-

11.20 
Warren et al. 

Godijn & 

Theeuwes 
Kasprzak et al. Fukuda et al. 

 

11.20-

12.20 

continued continued 
Visual Search 

Chair: John Findlay 
continued 

11.20-

11.40 
Mitchell & Shen Lavergne et al. Jacob & Hochstein Grinberg et al. 

11.40-

12.00 
Paterson Etchells et al. Humphrey et al. Howard et al. 

12.00-

12.20 
Vasishth et al. Knox et al. Thompson & Crundall Essig et al. 

12.20-

14.00 LUNCH 
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14.00-

15.00 INVITED TALK by Eyal Reingold  

Theatre Auditorium  

Room 
Theatre  

Auditorium  

Lecture Theatre  

H (Room 2065) 

Lecture Theatre  

J (Room 2077) 

Nuffield Lecture 

Room A 

15.15-

16.15 

Top-down and 

bottom-up 

 

Chair: Doug 

Munoz 

Modelling & 

reading 

 

Chair: Patryk 

Laurent 

New ways of usability 

research based on eye 

tracking 

Chairs: Rudolf Groner & 

Eva Siegenthaler 

Oculomotor 

control 2 

 

Chair: Ralf 

Engbert 

15.15-

15.35 
Berg & Itti Nilsson & Nivre Siegenthaler & Groner Born & Kerzel 

15.35-

15.55 
van Zoest Laurent & Reichle Bente Panouilleres et al. 

15.55-

16.15 
& Shen Shillcock et al. Zambarbieri et al. Tandonnet et al. 

16.15-

16.35 
BREAK 

16.35-

17.35 
continued 

Oculomotor control 

& reading 1 

Chair: Rebecca 

Johnson 

continued continued 

16.35-

16.55 
Theeuwes et al. Johnson & Eisler Underwood et al. Liu & Altmann 

16.55-

17.15 

Munoz & 

Boehnke 
. Koga & Groner 

Trukenbrod & 

Engbert 

17.15-

17.35 

McSorley & 

McCloy 
Vitu & Blanes Aoki et al. Vanyukov et al. 

18.00-

20.00 
POSTER SESSION (C) Garden Court  (FOLLOWED BY HOG ROAST) 
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Wednesday 26
th

 August 2009 

9.00-

10.00 

   

INVITED TALK by Reinhold Kliegl  

Theatre Auditorium  

10.00-

10.20 
BREAK 

Room Theatre 

Auditorium  

Lecture Theatre 

H (Room 2065) 

Lecture Theatre 

J (Room 2077) 

Nuffield Lecture 

Room A 

10.20-

12.00 

Prediction in smooth 

pursuit eye movements 

Chairs: Andreas Sprenger 

and Rebekka Lencer 

Scene 

perception 

Chair: Monica 

Castelhano 

Oculomotor control 

& reading 2 

Chair: Albrecht  

Inhoff 

Face processing 

 

Chair: Valerie 

Benson 

10.20-

10.40 
Ilg & Freyberg Wang et al. Slattery et al. 

Nummenmaa & 

Calvo 

10.40-

11.00 
Barnes & Brohan 

Castelhano & 

Heaven 
Inhoff & Wang Van Belle et al. 

11.00-

11.20 
Burke & Barnes 

Corck-Adelman 

et al. 
Schad & Engbert Caldara et al. 

11.20-

11.40 
Sprenger et al. Hyönä et al. Radach et al. Richards et al. 

11.40-

12.00 
Lencer et al. Miellet et al. Engbert & Krügel  

12.00-

14.00 
LUNCH                  POSTER SESSION (D) Garden Court 

14.00-

15.20 

Gaze guidance 

 

Chair: Peter De Graef 

Dyslexia 

 

Chair: Jukka 

Hyönä 

Applications 2 

 

Chair: Kenneth 

Hulmqvist 

Eye-hand 

coordination 

Chair: Heiner 

Deubel 

14.00-

14.20 
De Graef et al. Koesling et al. Alacam et al. 

Deubel & 

Jonikaitis 

14.20-

14.40 
Tatler Jones et al. Urbina & Huckauf 

Huestegge & 

Koch 

14.40-

15.00 
Howard et al. Schattka et al. Lindström

 
et al. Drai-Zerbib et al. 

15.00-

15.20 
Rasche et al. Chen et al. Cristino et al. 

Laurent & 

Reichle 

16.00 EXCURSIONS 
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Thursday 26
th

 August 2009 

9.00-9.20 Closing Address  

Theatre Auditorium  

Room Theatre 

Auditorium  

Lecture Theatre H 

(Room 2065) 

Lecture Theatre  

J (Room 2077) 

Nuffield Lecture 

Room A 

9.20-

10.00 

Inhibition of return  

Chair: Casimir 

Ludwig 

Eye movements & 

ageing 

Chair: Robin Hill 

Children's reading 

 

Chair: Hazel Blythe 

Reading in Japanese 

& Thai  

Chair: Ralph Radach 

9.20-9.40 Ludwig et al. Hill et al. Joseph et al. Hirotani et al. 

9.40-

10.00 
McSorley et al. Alahyane et al. Häikiö et al. Aranyanak et al. 

10.00-

10.20 
BREAK 

10.20-

11.20 

Binocularity  

Chair: Wolfgang 

Jaschinski 

Parafoveal 

processing 

Chair: Keith Rayner 

Visual world 

Chair: Roger van 

Gompel 

Applications 3 

 

Chair: Alistair Gale 

10.20-

10.40 
Kapoula Hand et al. 

Carminati & van 

Gompel 
Hasse et al. 

10.40-

11.00 
Jainta et al. Ilkin & Sturt 

van Gompel & 

Carminati 
Menneer et al. 

11.00-

11.20 
Vernet et al. Schotter et al. Müller et al. Chen & Gale 

11.20-

11.40 
BREAK 

11.40- 

1.00 
continued 

Complex scene 

perception 

Chair: Ignace Hooge 
continued 

Antisaccades 

 

Chair: Samuel Hutton 

11.40-

12.00 
Kirkby et al. Hooge & Camps 

Engelhardt & 

Ferreira 
Hutton 

12.00-

12.20 
Roberts et al. Vo & Henderson Apel et al. Derakhshan & Ansari 

12.20-

12.40 
Blythe et al. 

Malcolm & 

Henderson 
Sichelschmidt et al. Gregory & Hodgson 

12.40-

1.00 
 Hamon et al.  

Zambarbieri & 

Carniglia 

  END OF CONFERENCE 
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Invited Talks by Keynote Speaker 

 

 

Keeping track of saccades: Brain circuits for corollary discharge. 

Robert H. Wurtz 

Laboratory of Sensorimotor Research, National Eye Institute, NIH, Maryland, USA 

There is no doubt that we keep an internal record of the saccades we make and that we use this 

record to both control subsequent saccades and to inform our visual system of the impending 

saccade.  The necessity for such internal monitoring was recognized as early as the 17
th
 century 

by Descartes and was formally proposed by von Helmholtz in the 19
th
 century.  Sperry along 

with von Holst and Mittelstaedt demonstrated the need for these internal signals experimentally 

in the 20
th
 century and referred to the signals as corollary discharge or efference copy.  The 

circuit for such a corollary discharge for saccades has recently been identified in the monkey, 

and this has provided information at the level of single neurons on the organization of the 

monitoring system.  It extends from the superior colliculus in the brain stem, through the medial 

dorsal nucleus of the thalamus, to the frontal eye field of frontal cortex (Sommer and Wurtz, 

2002, 2004).  The characteristics of the signals carried in this pathway have the characteristics 

that would be required of neurons carrying a corollary discharge.   The pathway can be 

experimentally interrupted in the thalamus by reversible inactivation, and such interruption has 

revealed two contributions of the corollary discharge.  First, the corollary discharge enables the 

generation of a rapid sequence of saccades that can be made in the absence of visual guidance.  

A ñdouble-stepò task shows that the second saccade of the two steps compensates for errors in 

the first saccade on a saccade by saccade basis. This has now been demonstrated for humans as 

well as for monkeys, and for monkeys this compensation is significantly reduced by interruption 

of the corollary discharge pathway.  Second, the corollary is likely to contribute to the 

maintenance of stable visual perception in spite of the images shifting on the retina as a result of 

each saccade.  Many frontal eye field neurons receive an anticipatory input indicating that the 

visual information they are about to receive results from the moving eye rather than from a 

moving environment (Duhamel, Colby, and Goldberg, 1992).  Inactivation of this pathway 

reduces this anticipatory activity, and along with other characteristics of these frontal cortex 

neurons, suggests that their activity is part of the mechanism underlying visual stability (Sommer 

and Wurtz 2006, 2008). 

 

bob@lsr.nei.nih.gov 
  

https://www.outlook.soton.ac.uk/owa/UrlBlockedError.aspx
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Invited Talks by Keynote Speaker 

 

 

Adaptive gaze control in the natural world. 

Mary Hayhoe 

University of Texas Austin, Center for Perceptual Systems, Texas, USA 

Relatively little is known about how vision functions in the natural world, and many important 

issues arise in this setting that are absent, or difficult to address, in standard paradigms. A central 

feature of natural vision is that information is dynamically acquired from the environment to 

guide ongoing actions and behavioral goals. Information from a scene is actively sampled by a 

sequence of gaze changes as a consequence of the limited acuity of the peripheral retina. In 

addition, attention limits the information that can be processed within a single fixation, and 

working memory limits the information retained across gaze positions. Thus to understand vision 

we need to understand how this sampling process is controlled, and what factors are involved in 

the acquisition of visual information in the context of these constraints.Previous attempts to 

explain gaze patterns have almost exclusively concerned only static, restricted stimulus 

conditions, and focused on the properties of the stimulus rather than the behavioral context.  

Such models cannot extend to natural behavior because the visual input is dynamic, and most 

importantly, the observerôs behavioral goals play a dominant role. In the absence of these factors, 

none of the existing image-based models of gaze control are able to predict performance in 

realistic natural environments.  

The overriding importance of the observerôs goals suggests a different approach that explicitly 

represents the behavioral agenda. Recent results have illuminated the importance of goals and the 

role of secondary reward in setting up and shaping those goals. Foremost of these is the 

pervasive effect of reward in the neural circuitry underlying saccadic eye movements. These 

discoveries are complemented by the development of the mathematics of Reinforcement 

Learning as a way of determining optimal behavior given delayed rewards. To explore the role of 

reward-based learning in control of gaze in the natural world, we investigated a walking 

paradigm in a real world setting. This work suggests that learnt environmental statistics, 

behavioral significance or reward, and competing tasks are important determinants of gaze in 

many natural contexts. This is consistent with the role of reward in the oculomotor neural 

circuitry, and supports a reinforcement learning approach to understanding gaze control in 

natural environments.  

mary@mail.cps.utexas.edu 
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Invited Talks by Keynote Speaker 

 

 

Using eye movements to determine the time course of mental processes. 

Eyal Reingold 

University of Toronto, Department of Psychology, Ontario, Canada 

Researchers employing eye movement monitoring to study visual cognition routinely use a 

variety of saccade and fixation measures to make inferences concerning the time course of 

perceptual and cognitive processes that mediate task performance.  In attempting to determine 

the time course of mental processes, fine-grained eye movement measures have distinct 

advantages compared to global performance measures such as accuracy and reaction time.  The 

purpose of this talk is to illustrate these advantages and related challenges by reviewing research 

that I was involved in during the past 15 years.  Some of the specific topics that would be 

discussed include lexical processes, attention and eye movement control in reading, the use of 

eye movements to study processing stages involved in higher cognitive processes (e.g., expertise, 

decision making), as well as related issues concerning visual search and scene processing.  

reingold@psych.toronto.edu  

  

https://www.outlook.soton.ac.uk/owa/UrlBlockedError.aspx
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Invited Talks by Keynote Speakers 

 

 

Distributed processing during reading fixations. 

Reinhold Kliegl 

University of Potsdam, Department of Psychology, Potsdam, Germany 

The perceptual/attentional span around fixation locations constitutes a productive theoretical 

framework to examine how the mind orchestrates perceptual, attentional, lexical, semantic, 

discourse, and oculomotor factors in the service of establishing meaning from text. In addition, 

parameter specification will also vary between readers due to oculomotor habit, due to different 

intentions or instructions that can be applied to the reading task, and due to differences between 

scripts. During the last 35 years most of the progress in our understanding of the complex 

dynamics has been owed to experimental manipulations of target words. During the last ten years 

this approach has been complemented by computational models. On the one hand, they provide a 

coherent account for a wide range of effects. On the other hand, they have also fostered corpus 

analysis to ensure the generalizability of results. The theoretical progress achieved by flexibly 

moving within the 3-dimensional methodological space spanned by experiment, computational 

modeling, and corpus analysis will be demonstrated with select examples from current research 

with an emphasis on the contribution of advanced multivariate statistics such as (generalized) 

linear mixed models with random-effect correlations, quantile regression, and a move to a 

Bayesian perspective for the evaluation of small effects. 

kliegl@uni-potsdam.de 

 

  

https://www.outlook.soton.ac.uk/owa/UrlBlockedError.aspx
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Monday 24
th

 August 2009 

Symposium: Imaging of the saccadic system 

Event-related potentials associated with pro- and anti-saccades in nonhuman primates. 

Stefan Everling
1, 2, 3

, Victor Sander
3
 and Jessica M. Phillips

3
 

1
 University of Western Ontario, Department of Physiology and Pharmacology, London, 

Ontario, Canada 
2
 Robarts Research Institute at the University of Western Ontario, Imaging Research 

Laboratories, London, Ontario, Canada 
3 
University of Western Ontario, London, Ontario, Canada 

Non-invasive event-related potential (ERP) recordings have become a popular technique to study 

neural activity associated with saccades in humans. To date, it is not known whether nonhuman 

primates exhibit similar ERP patterns associated with saccades as those observed in humans.  

Here, we recorded ERPs associated with the performance of randomly interleaved pro-saccades 

and anti-saccades in nonhuman primates. Saccade-related ERPs showed a presaccadic negative 

component, which was larger for anti-saccades than pro-saccades.  This negativity was followed 

by a positive component, which was larger for pro-saccades than for anti-saccades, and more 

pronounced immediately prior to the response in the hemisphere contralateral to the direction of 

the saccade. The presentation of the peripheral stimulus evoked P1, N1, P2 and N2 components.  

In addition, anti-saccade trials were associated with a shift of a negative potential from the 

hemisphere contralateral to the stimulus, to the hemisphere contralateral to the saccade.  These 

findings demonstrate that macaque monkeys, like humans, exhibit a presaccadic negativity, 

presaccadic positivity, and a potential shift prior to an anti-saccade.  Overall, these data show 

task-related differences in ERPs associated with pro- and anti-saccades in monkeys that are 

similar to findings in human subjects.  

severlin@uwo.ca 

The origins of individual saccade latency variability. 

Iain D. Gilchrist
1
, Petroc Sumner

2
, Suresh Muthukumaraswamy

2
 and Krish Singh

2
 

1 
University of Bristol, Department of Experimental Psychology, Bristol, UK 

2 
Cardiff University, School of Psychology, Cardiff, UK 

The time to initiate a saccade varies trial-by-trial. This variability can be extremely large. Within the 

same participant the slowest saccade can be as much as 10 times slower than the fastest. This 

variability is present when the stimulus and response are kept constant and even when the task is 

simple and the saccade is a response to a highly visible target. These differences are not simply 

explained by systematic slow changes over time or an effect of the latency of the previous saccade. 

Saccade latency variability could originate at any point from the processing of the visual target to the 

transformation of that signal into an appropriate ocular-motor response. Here, we use 

magnetoencephalography (MEG) to investigate the origins of the trial-by-trail variability in saccade 

latency. Participants made saccades to single supra-threshold targets. By dividing the latency 

distributions into the fastest and slowest thirds we were able to look for the neural signals that 

differentiate between fast and slow saccades even when both the response and the stimulus were held 

constant. 

I.D.Gilchrist@bris.ac.uk. 

mailto:severlin@uwo.ca
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Is saccade choice determined by processing speed? 

 

Petroc Sumner
1
, Aline Bompas

1
, Iain D. Gilchrist

2
, Suresh Muthukumaraswamy

1
 and Krish Singh

1
 

 
1 
Cardiff University, School of Psychology, Cardiff, UK 

2 
University of Bristol, Department of Experimental Psychology, Bristol, UK 

In many models of motor decision making, different motor plans compete to govern action. The 

motor choice is determined by which plan reaches threshold first. Thus it is a fundamental 

prediction of these models that choice is associated with speed. Here, we use 

magnetoencephalography (MEG) to investigate the relationship between simple saccade choice 

and processing speed. Participants made saccades to onset targets, and on some trials had to 

choose between two targets (left or right). We determined the earliest time-point at which the 

MEG signal predicted choice.  We then tested whether this same MEG signal was associated 

with processing speed ï whether it could also predict saccade latency. 

 

SumnerP@Cardiff.ac.uk 

 

 

Mapping inhibitory oculomotor control in patients with focal lesions: Evidence for localization 

versus equipotentiality accounts of brain function. 

 

Tim Hodgson
 

 

Exeter University, School of Psychology, Exeter, UK 

 

Although of pure scientific interest, functional neuroimaging studies which localize particular 

cognitive and oculomotor functions to discrete brain areas are of little practical value unless they 

can be shown to help predict deficits experienced by patients with focal neurological damage. 

Whilst published evidence derived from single case studies and investigations which group 

patients according to whether damage lies within a particular region or not (e.g. dorsolateral 

prefrontal) appear to support standard models of the oculomotor system, it is argued that a more 

hypothesis free analysis of the relationship between lesion site and symptoms is required to 

adequately test the utility of localizationalist perspectives. The results of a voxel based analysis 

of lesions (VAL) study will be reported in which correlations between lesion site and extent of 

deficits in inhibitory oculomotor control were investigated in patients with various types, sizes 

and loci of frontal lobe damage. The results provide evidence for localization of inhibitory 

functions in regions outside those normally considered to be oculomotor in specialisation. The 

analysis also suggests that factors other than lesion site such as aetiology and extent are 

predictors of deficits, consistent with equipotentiality of function in frontal cortex. 

T.L.Hodgson@exeter.ac.uk 

  

mailto:SumnerP@Cardiff.ac.uk
mailto:T.L.Hodgson@exeter.ac.uk
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The neural basis of the parallel programming of saccades: An fMRI study. 

Robin Walker, Andy Smith and Yanbo Hu 

Royal Holloway University of London, Department of Psychology, Surrey, UK 

This event-related functional imaging study examined the neural basis of the parallel 

programming of saccade sequences. Fifteen participants performed a delayed two-step saccade 

paradigm while functional images were obtained using a 3-Tesla Siemens Trio scanner. 

Participants planned and executed single saccades, or sequences of saccades, under conditions in 

which advance knowledge of the second saccade goal was provided (parallel programming), or 

was not provided (serial programming) prior to a ógo signalô. A reduction in second saccade 

latency was observed in the parallel programming condition compared to that in the serial 

programming and single-step control conditions. A group analysis was performed (using SPM) 

and regions of interest (ROIs) were identified in the left and right frontal, parietal and 

supplementary eye fields. An increased BOLD response was observed bilaterally in the frontal 

and parietal eye fields, when two saccades were programmed in parallel compared to that 

observed for serial programming. By contrast the BOLD response in the supplementary eye 

fields was comparable for the parallel and serial programming conditions. Increased activity in 

the frontal and parietal eye fields in the parallel programming condition could reflect preparatory 

processes, and also the encoding and re-mapping of second saccade metrics.  

robin.walker@rhul.ac.uk 
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Session: Parafoveal processing during reading 

Parafoveal processing within and between morphemes. 

Denis Drieghe
1
, Alexander Pollatsek

2
, Barbara J Juhasz

3
 and Keith Rayner

4 

1 
Ghent University, Department of Experimental Psychology, Ghent, Belgium 

2 
University of Massachusetts Amherst, Department of Psychology, Amherst, USA 

3 
Wesleyan University, Department of Psychology, Middletown, CT, USA 

4 
University of California San Diego, Department of Psychology, San Diego, USA  

In an eye movement experiment during the reading of single sentences, parafoveal preview was 

examined within either an unspaced compound (e.g. bathroom) or a monomorphemic word (e.g. 

fountain). Prior to fixating the 2nd lexeme or the corresponding letters in the monomorphemic 

word, either a correct or a partial parafoveal preview (e.g. bathroom or bathroan) was presented 

using the boundary paradigm. There was a larger preview benefit effect on the monomorphemic 

words than on the compounds. Differences occurred also early in the word: There was no effect 

of the preview manipulation on the 1st lexeme of the compound whereas there was a sizeable 

effect on the corresponding initial letters of the monomorphemic word. Consistent with prior 

research showing no or little effect of a partial preview of the 2nd lexeme of a compound on the 

fixation times on the 1st lexeme and with studies showing first lexeme frequency effects, this 

indicates that there is a level at which constituents of a compound are processed in a serial 

fashion. The current experiment strengthens this claim by showing stronger disruption of the 

partial preview when the manipulation occurs within the same morpheme, where all the letters 

are processed more in parallel. 

denis.drieghe@ugent.be 

No evidence for morphological decomposition with parafoveal previews. 

Kathleen M. Masserang
1
, Alexander Pollatsek

1
 and Keith Rayner
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1 
University of Massachusetts Amherst, Department of Psychology, Amherst, USA  

2 
University of California San Diego, Department of Psychology, San Diego, USA  

An eye movement experiment was conducted examining the effect of a parafoveal preview for 

novel prefixed words (e.g. miscentered), lexical prefixed words (e.g. misapplied), or 

monomorphemic words (e.g. modified) during the reading of single sentences. Using the 

boundary paradigm, participants were presented either with a correct (e.g. miscentered), a 

transposed letter (e.g. micsentered) or a replacement letter (e.g mizventered) parafoveal preview 

prior to crossing a boundary at the next to last character of the word before the target word. 

There were significant differences between both the correct and transposed letter conditions and 

the replacement letter condition; there was also an effect of lexicality, but no interaction between 

the preview effects and type of target word. Previous studies using foveal masked priming have 

demonstrated that transposed letter effects disappear or markedly decrease when the 

transposition occurs across a morpheme boundary. The current set of experiments demonstrates 

that transposed letter effects can be elicited when the transposition occurs across the morpheme 

boundary between prefix and root morpheme. This indicates that morphemic decomposition does 

not affect the parafoveal preview process, which suggests that morphological decomposition may 

not occur until a word is fixated.  

kmassera@psych.umass.edu  
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Delayed parafoveal-on-foveal effects in an N+2-boundary experiment demonstrate parallel 

processing in reading. 

Sarah Risse
 
and Reinhold Kliegl

 

University of Potsdam, Department of Psychology, Potsdam, Germany 

If words in the perceptual span are processed in parallel, current word processing is assumed to 

be modulated conditional on parafoveal processing demand, and such parafoveal-on-foveal 

effects (POF) should decrease with the word's eccentricity from current fixation position. In a 

series of experiments younger and older adults were tested with the boundary paradigm 

manipulating word n+2 preview. Although there were no POF effects on the pre-boundary word 

n, we consistently found effects of previewing the n+2 target in post-boundary fixations on word 

n+1. Serial models can account for the latter effect by assuming that oculomotor errors mimic a 

preview benefit effect of the attended target n+2 in mislocated fixations on the prior word n+1. 

Therefore, in a further experiment, we independently manipulated the pre- and post-boundary 

frequency of the target word n+2. The results are in agreement with a delayed POF effect with 

the pre-boundary frequency of word n+2 spilling over into fixations on the post-boundary word 

n+1; they are not compatible with the assumption of mislocated fixations. The pattern is 

consistent with an attentional gradient guiding parallel word processing and the notion that 

spillover effects are modulated directly and may not only result from the absence of preview 

benefits. 

sarah.risse@uni-potsdam.de 

 

Parafoveal preprocessing of word N+2: Does a short N+1 word matter? 

Bernhard Angele and Keith Rayner
 

University of California San Diego, Department of Psychology, San Diego, CA, USA 

It has been suggested that visual acuity limits restrict parafoveal processing of the second word 

to the right of fixation (N+2) to cases where the first word to the right of fixation (N+1) is very 

short (Angele, Slattery, Yang, Kliegl and Rayner, 2008). In order to test this hypothesis, we used 

the boundary paradigm (Rayner, 1975). Word N+1 was either an article or a high-frequency 

three letter word. Prior to crossing the boundary, words N+1 and N+2 had either both incorrect 

or both correct preview. In a third condition only word N+1 had incorrect preview. In spite of the 

short N+1 word length we found no evidence for parafoveal-on-foveal effects or preview benefit 

effects for word N+2. Additionally, we were able to replicate Drieghe, Pollatsek, Staub and 

Rayner's (2008) findings concerning Radach's (1996) word grouping hypothesis. 

bangele@ucsd.edu 
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Parafoveal magnification: Visual acuity does not modulate the perceptual span in reading. 

S®bastien Miellet, Patrick J. OôDonnell and Sara C. Sereno 

University of Glasgow, Department of Psychology and Centre for Cognitive Neuroimaging, 

Glasgow, UK 

Models of eye guidance in reading rely on the concept of the perceptual spanðthe amount of 

information perceived during a single eye fixation, which is considered to be a consequence of 

visual and attentional constraints. To directly investigate attentional mechanisms underlying the 

perceptual span, we implemented a new reading paradigm - parafoveal magnification (PM) - that 

compensates for how visual acuity drops off as a function of retinal eccentricity. On each 

fixation and in real time, parafoveal text is magnified to equalize its perceptual impact with that 

of concurrent foveal text. Experiment 1 demonstrated that PM does not increase the amount of 

text that is processed, supporting an attentional-based account of eye movements in reading. 

Experiment 2 explored a contentious issue that differentiates competing models of eye 

movement control and showed that, even when parafoveal information is enlarged, visual 

attention in reading is allocated in a serial fashion from word to word. 

miellet@psy.gla.ac.uk  

On the relation of the selectivity of fixated words and parafoveal-on-foveal effects in 

continuous reading. 

Christiane Wotschack
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 and Reinhold Kliegl
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1
 Freie Universität Berlin, Institute of German and Dutch Languages and Literature, Berlin, 
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2
 University of Potsdam, Department of Psychology, Potsdam, Germany 

Under the assumption of distributed processing within the perceptual span in continuous reading, 

the characteristics of fixated words may interplay with the effect sizes of lexical parafoveal-on-

foveal effects. In an age comparative eye movement study on isolated sentence reading, two 

indirectly induced reading strategies were tested in four experimental groups by altering the 

difficulty and frequency of comprehension questions. Whereas in young readers, variation in 

comprehension demands did not influence the selectivity of fixated words in first-pass single 

fixation cases, clear selectivity effects for single fixations were found in older readers. High 

comprehension demands induced via difficult comprehension questions led to longer fixation 

durations and an increased amount of fixated function words that are usually short and high in 

frequency. Furthermore, the high prevalence of fixated easily processable words led to strong 

evidence for preprocessing of word n+1: The group that fixated proportionally more function 

words showed a stronger influence of upcoming word frequency on single fixation duration. This 

is in line with distributed processing within the perceptual span and its modulation by the 

difficulty of the fixated word, as predicted by the foveal-load hypothesis. The role of top-down 

influences on the fixational selectivity in first-pass reading will be discussed. 

Christiane.Wotschack@fu-berlin.de 
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Session: Neurophysiology and eye movements 1 

Neural mechanisms underlying sequences of gaze fixations during visual search. 

Kelly Shen and Martin Paré
 

Queen's University, Centre for Neuroscience Studies, Kingston, Canada 

Vision is an active process that entails sequences of saccadic eye movements interrupted by 

periods of gaze fixations during which the foveal image is analyzed and the next detail in the 

periphery is selected. To understand how the brain regulates this behavior, we examined the 

activity of sensory-motor neurons in superior colliculus (SC) while monkeys performed a visual 

conjunction search task. Monkeys generally made multiple fixations before foveating the target. 

Fixation durations were significantly shorter than initial responses to the display presentation and 

shortest one fixation prior to target foveation. And distractor stimuli were rarely re-fixated. The 

activity of SC neurons substantiated these behavioral results: The programming of a saccade into 

a neuronôs receptive field began too early to be accounted for by visual receptive field activation. 

Moreover, target-related activity was enhanced when the intervening fixation was short. 

Consistent with the accumulation of evidence for the search target, distractor stimuli previously 

fixated were associated with significantly less activity than those not yet examined. Taken 

together, these results demonstrate how visuo-motor activity programs multiple eye movements 

concurrently and how visual search saccades should be considered as elements of sequences of 

gaze fixations that are selected by the pre-processing of visual stimuli. 

pare@biomed.queensu.ca 

Neural activity associated with pro- and anti-saccades in primate caudate nucleus. 
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2
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The basal ganglia play a central role in movement, and it has been demonstrated that the 

discharge rate of neurons in these structures are modulated by the behavioural context of a given 

task. Here we utilized the anti-saccade task, in which a saccade toward a flashed visual stimulus 

must be inhibited in favour of a saccade to the opposite location, to investigate the role of the 

caudate nucleus, a major input structure of the basal ganglia, in flexible behaviour. In this study, 

we recorded extracellular neuronal activity while monkeys performed pro- and anti-saccade 

trials. We identified two populations of neurons, those that preferred contralateral saccades 

(CSN) and those that preferred ipsilateral saccades. CSNs increased their firing rates for pro-

saccades, but not for anti-saccades, and ISNs increased their firing rates for anti-saccades, but n 

ot for pro-saccades. We propose a model in which CSNs project to the direct basal ganglia 

pathway, facilitating saccades and ISNs project to the indirect pathway suppressing saccades. 

This model suggests one possible mechanism by which these neuronal populations could be 

modulating activity in the superior colliculus. 

severlin@uwo.ca 
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Compensatory control of saccadic eye movement is impaired after V1 lesion. 

Takuro Ikeda, Masatoshi Yoshida and Tadashi Isa 

National Institute for Physiological Sciences, Department of Developmental Physiology, Aichi, 

Japan 

Saccades to a visual target are known to be quite accurate in spite of their variation in initial 

velocity. This suggests that the saccades are under compensatory control during the movement. 

However, it is not clear how the eye movements are controlled during saccades and which brain 

regions are involved in such compensatory control mechanisms. We have reported that saccadic 

motor control was impaired after lesion of primary visual cortex (V1) and suggested the 

involvement of geniculo-striatal pathway in compensatory control of saccades (Yoshida et al., J 

Neurosci., 2008). Here, we further analyzed velocity profiles of saccades in monkeys with 

unilateral lesions in V1. We found that saccades tend to be less accurate and the initial velocity 

influences more on the duration and endpoint of the saccade in the affected field (contralateral to 

the lesion), while saccades are more controlled to minimize the endpoint error in the normal field 

(ipsilateral to the lesion). In other words, saccades tend to be more ballistic after V1 lesion. This 

result suggests that saccade velocity was controlled by two factors: a ballistic component which 

might be generated by superior colliculus (SC) and a compensatory component which requires 

visual information from the geniculo-striatal pathway. 

taikeda@nips.ac.jp 

  




