
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Disruption of visual perception and its spatio-temporal dynamics

Wokke, M.

Publication date
2013
Document Version
Final published version

Link to publication

Citation for published version (APA):
Wokke, M. (2013). Disruption of visual perception and its spatio-temporal dynamics. [Thesis,
fully internal, Universiteit van Amsterdam]. Uitgeverij BOXPress.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/disruption-of-visual-perception-and-its-spatiotemporal-dynamics(52aacf8e-8dde-464c-9f5a-ec747277750d).html




Disruption of Visual Perception and 
its

Spatio-Temporal Dynamics

Martijn E. Wokke



Design by:    Martijn E. Wokke 
Printed by:    Proefschriftmaken.nl || Uitgeverij BOXPress 
Published by:     Uitgeverij BOXPress, ‘s-Hertogenbosch

ISBN: 978-90-8891-586-4 

Copyright © 2013, Martijn Wokke, Amsterdam, The Netherlands
All rights preserved. If you want to use any parts of this thesis, ask M.E. 
Wokke for permission: martijnwokke@gmail.com

The research described in this thesis was financially supported by: 

The publication of this thesis was financially supported by: 



Disruption of visual perception 
and its

 spatio-temporal dynamics

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnificus

prof. dr. D.C. van den Boom

ten overstaan van een door het college voor promoties ingestelde

commissie, in het openbaar te verdedigen in de Agnietenkapel

op  woensdag 10 april 2013, te 12:00 uur

door 

Martijn Wokke

geboren te  Amsterdam



Promotiecommissie

Promotor: Prof. dr. V.A.F. Lamme 
Copromotor: Dr. H.S. Scholte

Overige leden: Prof. dr. K.R. Ridderinkhof
                    Prof. dr. E.H.F. de Haan
  Dr. F.P. de Lange
  Prof. dr. C. Kemner
  Prof. dr. P.R. Roelfsema
  Prof. dr. A.T. Sack

Faculteit der Maatschappij- en Gedragswetenschappen



Druppels zwembadwater stijgen op als noten 
in een karaokebar om vervolgens weer neer 
te vallen als miljoenen stenen op een strand. 
Waar de meesten overal en nergens terecht 
komen, liggen wij dicht bij elkaar. Op een hoopje.

De  Lammetjes





Contents

08
Chapter 1  
Introduction     
     

22
Chapter 2  
The flexible nature 
of unconscious cognition

44
Chapter 3   
Two critical periods in
early visual cortex during
figure-ground segregation 

76
Chapter 4  
Confuse your illusion: 
Feedback to early visual cortex
contributes to perceptual completion

   

96
       Chapter 5

Opposing dorsal/ventral stream
dynamics during figure-ground 

segregation

126
Chapter 6

Summary and Discussion

140
Nederlandse samenvatting

146
Dankwoordenboek

152
List of publications



8

Introduction



Chapter 1 - Introduction



Chapter 1

10



Introduction

11

Introduction
Visual perception seems to quickly and effortlessly provide us with information 
about our environment. For instance, surviving a bicycle ride through Amster-
dam, enjoying perfectly shot scenes from a Kubric film or hitting a winner fore-
hand while playing tennis all depend on “having our eyes open and see”. From 
a plain man’s perspective, mechanisms underlying visual perception might ap-
pear very straightforward (open eyes      see) and seem to provide us with an 
exact copy of the external world. However, for over hundreds of years scholars 
are trying to unravel this highly complicated and constructive process. 

One of the first ideas about visual perception involved rays of light 
emitting the eyes, bumping into the world around us to detect objects (“extra-
mission theory”, see Gross, 1999). In the 17th century this idea was put to rest 
by the work of Kepler, proposing that the lens re-focuses intromitted light onto 
the retina (see Lindberg, 1987). Surprisingly, the old belief of extramission still 
persists today as Gregg and colleagues demonstrated in 2001 (Gregg et al., 
2001). In this study participants had to choose the correct depiction of how vi-
sion operates from various graphical and/or textual descriptions. Results show 
that extramission beliefs were even found among U.S. college students who 
just finished an introductory psychology course, which included sensory and 
visual processing (Winer et al., 2002). 

In the second part of the 19th century Hermann von Helmholtz further 
modernized vision science. It was Helmholtz who introduced the important 
concept of ‘unconscious inference’ in vision science (see Turner, 1977). Uncon-
scious inference means that our visual system infers the most probable cause 
from noisy and incomplete data provided by our sensory apparatus. This latter 
theory of vision makes visual perception far more complex than “just opening 
our eyes and see” and transforms vision from passively receiving visual input

Figure 1.1. Inference in vision: Noisy visual information makes some find salva-
tion in a burned fish finger. A long encounter of this fish snack with a hot pan 
resulted in the appearance of the face of Jesus (visible with some good faith).  
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into actively constructing perception, making use of past experiences and the 
regularities of the world we live in (e.g., figure 1.1).

Around the same time, part of the neuroanatomical organization of the 
visual system became more evident through the study of patients with rela-
tively focal cortical lesions. As a consequence of damage to specific regions 
in the brain highly selective visual impairments were observed. For instance, 
patients suffered from the selective inability to perceive color, motion or faces 
due to distinct lesion in the brain. These findings eventually led to the idea 
of a modular organization of the visual system in which highly specialized 
regions process different aspects of a visual scene (such as color, motion or 
shape information). To date, more than 40 distinct region in the visual system 
have been identified, making the cortical organization of the visual system at 
first glance a bit “Mondrianesk” (see figure 1.2a). In an attempt to deepen 
our understanding of this fragmented structure, the visual system has been 
broadly divided into two functionally and anatomically separate processing 
streams (Ungeleider and Mishkin, 1983; Milner and Goodale, 1992). The ven-
trally spreading “what” or “vision for perception” pathway specializes in object

recognition while the dorsal stream mainly processes visuospatial informa-
tion, such as motion, distance and location (the “where” or “vision for action” 

Figure 1.2a. Map of visual areas in the cortex according to Felleman & Van Essen (Fel-
leman & Van Essen, 1991), used with permission. Figure 1.2b. Both dorsal and ven-
tral stream originate from the primary visual cortex (V1). The ventral stream travels 
to the temporal lobe and is highly associated with object identification (the “what” or 
“vision for perception” route). In contrast, the dorsal stream spreading to the parietal 
lobe mainly processes spatial information (the “where” or “vision for action” stream). 

a b
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pathway, see figure 1.2b).
Increasing knowledge about the structure (and modular nature) of the 

visual system started to raise an important and difficult question: How do we 
end up with one unified visual experience of the world around us when the 
organization of the visual system is modular and segregated in “where” and 
“what” routes? For instance, when we see a woman in a blue dress eating a 
pain au chocolat in a coffee corner we do not experience the color blue, the 
shape of the woman, the downward motion of her head when searching for a 
fallen piece of chocolate as being separate and isolated fragments of informa-
tion. Instead all information seems to become integrated or “bound” together 
to create the experience of a unified percept. In order to integrate and bind all 
these different types of visual information (e.g., color, motion, shape), an effi-
cient form of communication between different (visual) cortical regions seems 
crucial. 

Visual perception and hierarchical processing 
An issue that further complicates our understanding of the operation of the 
visual cortex is that not all visual areas receive the information directly from 
the eyes, but only after it has been processed by other areas: the visual areas 
form a hierarchy. In such a scheme the primary visual cortex (V1) is critically 
positioned as the first region where visual information enters the cortex (only 
~10 % of the projections from the eye surpass the primary visual cortex, see 
Cowey & Stoerig, 1991). The processing of visual information has traditionally 
been considered as a strictly hierarchical mechanism (flowing from low-level 
to higher-level areas). It has been well established that neurons in low visual 
regions, i.e. the early visual cortex  (V1/V2), are well equipped for process-
ing elementary features of a scene (Hubel and Wiesel 1968; Friedman et al. 
2003). In higher visual regions receptive fields -the region of the visual field 
that is able to stimulate a neuron- increase in size and their characteristics 
become more complex (Maunsell and Newsome 1987), creating potentiality 
for the initially distributed information to become integrated. In the temporal 
domain it has been demonstrated that visual information reaches the primary 
visual cortex within ~40 ms after stimulus onset. From here on information 
is being rapidly fed forward, activating even the highest levels of the cortex 
within ~120 ms (Lamme & Roelfsema, 2000). It is remarkable that within 
this short period - dominated by feedforward connections - activation can 
already be found reflecting tuning properties of neurons in for instance face 
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or house selective regions (Fahrenfort, 2009). The feedforward sweep is thus 
able to rapidly activate neurons tuned for the type of information that is be-
ing presented. Further, the fast feedforward sweep of activity is already able 
to trigger relevant response activation in the motor cortex (Dehaene 1998). 
Although object category information and even relevant motor activity can 
already be found during the initial flow of activity, this first fast sweep of in-
formation processing does not seem to mark the end of the visual process (as 
some have claimed previously [Tovée, 1994; Oram & Perrett, 1992]).

Recently, a growing number of studies dismiss this strict hierarchal 
feedforward model of vision by showing that early visual cortex is not only ac-
tive in the first stages of vision, but also contributes to more integrated and 
sophisticated stages of visual processing (Lamme, 1995; Zhou, et al., 2000; 
Juan & Walsh, 2003; Scholte, 2003; Ro et al., 2003; Fahrenfort et al., 2007; 
Koivisto et al., 2011). These findings suggest that the visual process follows an 
inverse hierarchal path after an initial hierarchical feedforward phase (Lamme, 
2003; Ahissar & Hochstein, 2004).  

After the feedforward sweep has activated visual areas, horizontal 
connections within cortical regions and feedback connections between areas 
start to provide neurons with information beyond their classical receptive field 
(Lamme et al., 1999). Activity in this later period seems to be more and more 
related to the visual percept that we eventually experience, in contrast to sole-
ly reflecting physically presented features (Supèr et al., 2001). Vision seems 
to start out as a purely sensory process during the initial feedforward sweep, 
after which more and more cognitive properties appear to be reflected in neu-
ral signaling. It has been suggested that during this latter phase horizontal 
integration and feedback interactions could lead to a reverberating “ignition” 
of widespread activity, eventually resulting in a full-blown conscious visual 
percept (Dehaene et al., 2006). Differences between the initial fast feedfor-
ward sweep and later stages when feedback signals and horizontal integra-
tion become more dominant have typically been associated with transient, 
pre-attentive, unconscious vision vs. sustained, attentive and conscious vision 
(Roelfsema et al., 1998; Lamme & Roelfsema, 2000; Dehane et al., 2001; 
Lamme, 2003), illustrating that a large part of the visual process occurs be-
yond the initial feedforward sweep of activity. 

Disentangling feedforward and feedback processes
To study the scope of the initial feedforward sweep and the role of feedback 
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signaling during visual perception one ideally would want to disentangle these 
two processes by for instance disrupting the feedforward sweep or by selec-
tively interfering with feedback signaling. Fortunately, such methods exist. In 
backward masking, processing of a target stimulus is disrupted and rendered 
less perceptible or even invisible through the presentation of a second stimu-
lus, a mask (Breitmeyer & Ogmen, 2000; Lamme et al., 2002; Fahrenfort et 
al., 2007; Supèr et al., 2010). Crucially, backward masking seems to expose 
a temporal nonlinearity of visual perception by demonstrating that the pre-
sentation of a second stimulus can influence processing of the first presented 
stimulus (Lamme et al., 2002). Backward masking effects have recently been 
explained by selectively disrupting feedback signals related to the first pre-
sented target stimulus, while leaving the feedforward sweep of this stimulus 
largely intact (Enns & Di Lollo, 2000; Lamme et al., 2002; Fahrenfort et al., 
2007), although this is still highly debated (Breitmeyer & Ogmen, 2000; Supèr 
et al., 2010). 

Lately, a growing amount of studies make use of Transcranial Magnetic 
Stimulation (TMS) to study the neural dynamics underlying visual perception. 
TMS is a technique that induces an electric field in the brain, thereby modulat-
ing cortical processing by depolarizing neurons of the targeted region (Rossi 
et al., 2009; Wagner et al., 2009). TMS can thus be used as a tool to interfere 
with processing in a certain cortical region or network by briefly inducing a 
so-called “reversible virtual lesion” (Boyer et al., 2006; Lamme, 2006; Cowey 
& Walsh, 2001; Harris et al., 2008). Especially in the past decade TMS has 
proven to be a fruitful tool to explore the causal significance of cortical ar-
eas participating in neural networks at various moments in time (Sack et al., 
2009; Bolognini & Ro, 2010). In this thesis we will use both TMS and backward 
masking to uncover the contributions of feedforward vs. feedback signals dur-
ing visual perception.

Outline of this thesis
In Chapter 2 we investigated what the scope and impact of the feedforward 
sweep is on visual perception and behavior. We therefore interfered with visual 
processing by backward masking information such that this information was 
no longer consciously perceived. Backward masking is thought to block ex-
tensive processing of information and interrupt feedback signals flowing from 
higher to lower visual areas, thereby removing visual awareness of a target 
stimulus (Lamme et al., 2002; Van Gaal et al., 2008; Faherfort et al., 2007). 
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In this study we used masked priming to find out how “smart” the feedforward 
sweep is. As described above, this initial sweep of activity is able to trigger 
relevant response activation in motor cortex (Deheane et al., 1998). In addi-
tion, previous work demonstrated that unconscious information was even able 
to trigger cognitive demanding and traditional conscious processes, such as 
task selection or response inhibition (Lau & Passingham, 2007; Van Gaal et al., 
2008). However, it has been suggested that these results are merely based on 
rigid and automatic stimulus-response mappings, making this process rather 
“dumb”. In chapter 2 we show that, while disrupting feedback processing, 
visual information is still able to influence “smart” high-level behavior and 
prefrontal brain mechanisms in a flexible and adaptive manner. Further, these 
results show that although visual information is able to reach the highest level 
of the cortical hierarchy (prefrontal cortex) this does not necessarily coincides 
with a conscious experience of that information.
 The above-described findings demonstrate that the fast feedforward 
sweep of activity is capable of penetrating the cortical hierarchy up to its high-
est levels  and able to influence high-level behavior. A logical next step would 
be to find out what the limits of the feedforward sweep are and what part 
feedback processing plays during the build up of a (conscious) visual percept. 
In order to study the role of feedforward and feedback signaling we combined 
TMS and electroencephalographic recordings (EEG) during figure-ground seg-
regation (Chapter 3). Figure-ground segregation is one of the first and most 
crucial steps in visual perception and describes the ability to distinguish a 
figure from its background. During figure-ground segregation certain regions 
of a scene are being denoted as figure while others are being perceived as 
background, making use of different cues (e.g., luminance, color, motion or 
texture, see figure 1.3). In chapter 3 we investigated the role of feedforward 
and feedback signaling making use of motion-defined figures. In the proces of 
figure-ground segregation different stages of different complexity can be dis-
tinguished: An early (low-level) stage in which figure borders are detected and 
a later (higher-level) stage when surface segregation (and border ownership 
coding) emerges. To date, the discussion about the role of early visual cortex 
during surface segregation has not been settled. In this chapter we employed 
TMS and EEG to causally test when early visual cortex contributes to differ-
ent stages during figure-ground segregation. We conclude that areas V1/V2 
are not only essential in the early stage of figure-ground segregation (figure 
boundary detection), but additionally play a crucial role in processing feedback 
signals contributing to surface segregation.
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The above-described findings demonstrate that feedback interactions 
might be necessary for full-blown visual perception, eventually resulting in a 
conscious experience of a visual percept. To test this we made use of TMS to 
find out if feedback signals play a crucial role in transforming sensory informa-
tion into a perceptual (conscious) experience. In order to dissociate percep-
tual experience from the physically presented stimulus features we studied 
the process of perceptual completion. Typically, when we look around us we 
immediately notice that the world is filled with occluded objects of which we 
receive limited sensory information. However, we do not experience the world 
as being made up of fragmented objects or fractioned surfaces. Our visual 
system seems to overcome missing information and is able to complete this 
fragmented sensory input. In Chapter 4 of this thesis we investigated the 
necessity of feedback interactions (by using TMS) between early visual cortex 
(V1/V2) and higher-level area LO (lateral occipital area) during the process of 
perceptual completion.

 

In Chapter 5 we used a combination of (r)TMS and EEG to find out where 
feedback processing to early visual cortex during figure-ground segregation 
originates. In this chapter we followed figure-ground segregation into the dor-

Figure 1.3. Figure-ground segregation: A square is made visible because the central 
region of the scene is made up of line elements with an orientation orthogonal to that of 
the rest. The central region is being denoted as figure, whereas the surrounding region is 
being seen as background. Note that the classical receptive field of a neuron in V1 only cov-
ers a region of the visual field approximately the size of the region within the black circle. 
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sal and ventral stream (see figure 1.2b), again making use of motion-defined 
figures. In two experiments we explored how and when motion sensitive dor-
sal area V5/HMT+ and the object selective ventral lateral occipital (LO) region 
contribute to visual perception (figure-ground segregation). Surprisingly, we 
did not find typically segregated “dorsal” (i.e., motion information) or “ventral” 
(i.e., object information) contributions during the build-up of a visual percept. 
Instead, our results suggest a “push-pull” interaction between dorsal and ven-
tral extrastriate regions (see also Walsh et al., 1998; Jokisch & Jensen, 2007; 
Harris et al., 2008b). These findings support recent developed models that 
advocate a less strict and rather flexible functional segregation of the dorsal 
and ventral stream (De Haan & Cowey, 2011; Schenk, 2012). 

Finally, in the last chapter (Chapter 6) findings are summarized and 
discussed.
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Abstract
The cognitive signature of unconscious processes is hotly debated recently. 
Generally, consciousness is thought to mediate flexible, adaptive and goal-
directed behavior, but in the last decade unconscious processing has rapidly 
gained ground on traditional conscious territory. In this study we demonstrate 
that the scope and impact of unconscious information on behavior and brain 
activity can be modulated dynamically on a trial-by-trial basis. Participants 
performed a Go/No-Go experiment in which an unconscious (masked) stimu-
lus preceding a conscious target could be associated with either a Go or No-Go 
response. Importantly, the mapping of stimuli onto these actions varied on a 
trial-by-trial basis, preventing the formation of stable associations and hence 
the possibility that unconscious stimuli automatically activate these control 
actions. By eliminating stimulus-response associations established through 
practice we demonstrate that unconscious information can be processed in 
a flexible and adaptive manner. In this experiment we show that the same 
unconscious stimulus can have a substantially different effect on behavior 
and (prefrontal) brain activity depending on the rapidly changing task con-
text in which it is presented. This work suggests that unconscious information 
processing shares many sophisticated characteristics (including flexibility and 
context-specificity) with its conscious counterpart. 



Chapter 2

26

Introduction
For a long time the extent of unconscious information processing has been as-
sumed to be limited in scope and restricted to relatively “low-level” automatic 
cognitive processes, such as motor preparation. However, in the last decade 
the boundaries of unconscious cognition have been pushed further and further. 
Accumulating evidence demonstrates that unconscious information processing 
can influence behavior or trigger cortical activity previously seen as the domain 
of conscious cognition. For example, it has been shown that subliminal priming 
can be modulated by several top-down settings of the cognitive system such 
as temporal attention (Naccache et al., 2002; Kiefer & Brendel, 2006; Fabre 
et al., 2007), spatial attention (Kentridge et al., 2004; Kiefer & Brendel, 2006; 
Sumner et al., 2006; Bahrami et al., 2007; Marzouki et al., 2007; Kentridge et 
al., 2008; Finkbeiner & Palermo, 2009), task-set (Nakamura et al., 2008; Van 
Gaal et al., 2008; Kiefer & Martens, 2010), and strategy or intentions (Kunde 
et al., 2003; Greenwald et al., 2003; Ansorge & Neumann; 2005; Van den 
Bussche et al, 2008). Further, unconscious information is probably processed 
all the way up to semantic analysis (Dehaene et al., 2001; Deheane et al., 
2004; Devlin et al., 2004; Nakamura et al., 2005). Recently unconscious infor-
mation has been observed to influence even “high-level” cognitive functions, 
such as task selection (Lau & Passingham, 2007), inhibitory control (Van Gaal 
et al., 2008; Van Gaal et al., 2010) and decision-making (Pessiglione et al., 
2008); and to engender activation of areas in prefrontal cortex (PFC) at high 
levels of the cognitive and cortical hierarchy. 

Although these (and more) studies have revealed that unconscious in-
formation processing is relatively sophisticated, critics might still argue that 
the evidence for (high-level) unconscious cognition is often obtained in situa-
tions in which the unconscious stimulus is consistently and frequently paired 
with task performance on the same conscious stimulus. Then, after (substan-
tial) practice, unconscious stimuli are able to trigger behavioral and neural 
effects, possibly because of increased stimulus-response (S-R) associations 
(Damian, 2001). This interpretation is strengthened by several studies that 
have demonstrated a lack of transfer from trained conscious stimuli to un-
trained (novel) unconscious stimuli of the same category (Abrams & Green-
wald, 2000; Damian, 2001; Elsner et al., 2008; Kouider & Dehaene, 2009), 
suggesting that unconscious influences on behavior might actually be medi-
ated by strong sensory-motor links established through learning. Based on 
these results, one can argue that unconscious information processing still does 
not escape the realm of processes labeled as automatic, low-level and bottom-
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up as opposed to the more flexible nature of conscious processing. However, 
others have found transfer effects from practiced to unpracticed (novel) items 
(Naccache & Dehaene, 2001; Greenwald et al., 2003; Kunde et al., 2003; Van 
Opstal et al., 2010), which triggered considerable controversies [see Van den 
Bussche et al., 2009 for a review]. 

Here we test whether unconscious stimuli can trigger cognitive control 
processes in a goal-directed and flexible fashion or whether this capability is 
restricted to cases where information is perceived consciously. To do so, we 
designed a Go/No-Go paradigm in which a target stimulus is preceded by an 
unconscious prime stimulus. The unconscious prime could be associated with 
either a Go or a No-Go response, determined on a trial-by-trial basis. There-
fore, participants had to update S-R associations dynamically and flexibly on 
every trial (excluding strong S-R learning, see also (Neumann & Klotz, 1994). 
By measuring psychophysics and EEG we show that, even when strong S-R as-
sociations cannot be formed through learning, an unconscious No-Go stimulus 
can still trigger PFC-mediated inhibitory control processes (Kiefer & Martens, 
2010; Van Gaal et al., 2010; Hughes et al., 2009), suggesting that uncon-
scious cognition is rather flexible and that it might share several sophisticated 
properties with its conscious counterpart.

Materials and Methods
Ethics statement
All procedures were executed in compliance with relevant laws and institution-
al guidelines and were approved by the ethics committee of the Psychology 
department of the University of Amsterdam. Subjects gave written informed 
consent before experimentation.

Participants
Twenty-seven undergraduate psychology students of the University of Amster-
dam (20 females, age 19-26) participated in this experiment. All were right 
handed, had normal or corrected-to-normal vision, and were naïve to the pur-
pose of the experiment. 

Stimuli and procedure
White stimuli (188.4 cd/m²) were presented against a black background (0.44 
cd/m²) at the center of a 17 inch DELL TFT monitor with a refresh rate of 60 
Hz. The monitor was placed at a distance of ~90 cm in front of the participant 
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so that each centimeter subtended a visual angle of 0.64°. Participants were 
instructed to respond as fast as possible to a Go target by pressing a button 
with their right index finger and to withhold their response when they per-
ceived a No-Go target. The target could be a diamond or a square shape (see 
Fig. 2.1a, visual angle 2.1°, duration 200 ms). Crucially, at the beginning of 
each trial an instruction cue (visual angle 1.78°, duration 750 ms) signaled 
whether the square or the diamond functioned as the No-Go target in the up-
coming trial. A prime (square or diamond, visual angle 1.78°, duration 16.7 
ms) was presented briefly before the target and was perfectly masked by the 
meta-contrast target as evidenced by chance performance on a 2-choice dis-
crimination task administered after the main experiment (see Results). The 
blank interval after target presentation was jittered pseudo-randomly between 
800-1400 ms (in steps of 200 ms). In sum, the paradigm constituted a 2 X 2 
X 2 design resulting in eight trial types (see Table 2.1). Stimuli were presented 
using Presentation (Neurobehavioral Systems).

Data were gathered in a single EEG session (approximately two hours) 
in which participants performed eight experimental blocks, each containing 
112 trials (80 of which contained a Go target, 32 a No-Go target). Before 
starting the experimental session, participants received 224 practice trials 
(two blocks). In 50% of the trials there was a No-Go prime presented before 
the target, whereas the other 50% of the trials contained a Go prime. After 
each block, participants received performance feedback on the targets (mean 
reaction time [RT] and percentage correct stops on No-Go targets). They were 
not informed about the presence of the primes until after the Go/No-Go task. 
Then, participants performed a 2-choice discrimination task to assess the vis-
ibility of the primes. This was done at the end of the Go/No-Go task to con-
trol for any learning effects of prime discrimination during task performance. 
Stimulus presentation and timing were exactly the same as in the Go/No-Go 
task. Before starting the discrimination task participants were informed about 
the presence of a prime appearing very shortly before the target during the 
Go/No-Go experiment. None of the participants reported to be aware of the 
primes during the Go/No-Go experiment. The 2-choice discrimination task 
consisted of 56 masked squares and 56 masked diamonds presented in ran-
dom order. Participants were instructed to ignore the target and press the left 
button when they thought that a square prime was presented and press the 
right button when they thought a diamond prime was presented (target button 
assignment was counter-balanced across subjects). 
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Behavioral analysis
To examine the effect of unconsciously triggered response inhibition across 
subjects t-tests (two tailed) were performed on mean RT on Go targets pre-
ceded by a Go versus No-Go prime. Further, it was also tested whether square 
root inhibition rates were higher when a No-Go target was preceded by a No-
Go compared to a Go prime. Reaction times <100 and >1000 were excluded 
from all analyses. Detection performance (percentage correct) was tested for 
significance for each individual participant using a binominal test evaluated at 
a p-value of 0.05.
EEG measurements and analyses
EEG was recorded and sampled at 1048 Hz using an ANT 64-channel system 
(ANT - ASA-Lab system of ASA). Sixty-four scalp electrodes were measured, 
as well as four electrodes for horizontal and vertical eye-movements (each ref-
erenced to their counterpart). After acquisition, EEG data was down-sampled 
to 256 Hz, referenced to the average of all channels and filtered using a high 
pass filter of 0.5 Hz, a low-pass filter of 30 Hz and a notch filter of 50 Hz. Eye 
movement correction was applied on the basis of Principal Component Analysis 
(PCA) by selecting EEG segments highly contaminated with eye blinks across 
recordings (spatial distribution visually inspected as being eye blinks). Princi-
pal Components Analysis method was used to determine the topographies of 
the artifact-free brain signals and the artifact signals. Finally, the artifact com-
ponents were removed (Ille et al., 2002; Lins et al., 1993). Artifact correction 
was applied on all separate channels by removing segments outside the range 
of ± 50 µV or with a voltage step exceeding 50 µV per sampling point. Baseline 
correction was applied by aligning time series to the average amplitude of the 
interval from 100 ms to the onset of the prime. All preprocessing steps were 
done using Brian Vision Analyzer (BrainProducts) and ASA (ANT-ASA-Lab).

To study the neural mechanisms of consciously triggered response in-
hibition we compared ERPs on trials containing a No-Go target (Table 1: trials 
1, 3, 6 & 8) and trials containing a Go target (Table 1: trials 2, 4, 5 & 7). By 
this means we canceled out any effects caused by the primes. As common in 
Go/No-Go experiments, we only included inhibited No-Go trials in all EEG data 
analyses. To avoid a prime imbalance due to different inhibition rates caused 
by prime identity (see fig 2.1B), we equalized the number of trials from both 
conditions by randomly sampling the condition containing the most correctly 
inhibited trials (typically No-Go targets preceded by No-Go primes) until this 
was equal to the condition with the smallest number of trials (typically No-Go 
targets preceded by Go primes). 
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By comparing ERPs on No-Go prime trials (Table 2.1: trials 1, 2, 7 & 8) 
with Go prime trials (Table 2.1: trials 2, 4, 5 & 6) we investigated the neural 
mechanisms of unconsciously triggered inhibition (and average out the effect 
of target stimuli). By collapsing across prime or target identity (depending on 
the performed analysis) we cancel out the contribution of any low-level differ-
ences in stimulus presentation between conditions as well as any contribution 
from prime-target congruency or incongruency, thus ruling out that the EEG 
results are due to low level stimulus priming effects. All EEG analyses were 
conducted on difference waves (No-Go condition minus Go condition). 

Numerous experiments have investigated the neural basis of response 
inhibition in the Go/No-Go task and revealed the involvement of a large fron-
toparietal network, including middle, inferior and superior frontal cortices, the 
pre-supplementary motor area, the anterior cingulate cortex and several basal 
ganglia structures (Wager et al., 2005; Aron et al., 2007; Chamber et al., 
2009; Ridderinkhof et al., 2010). Further, electroencephalographic (EEG) re-
cordings showed that response inhibition on No-Go trials is typically related 
to two Event-Related Potential (ERP) components (Eimer, 1993; Kiefer et al., 
1998; Falkenstein et al., 1999; Bokura et al., 2001; Lavric et al., 2004; Nieu-
wenhuis et al., 2008): a frontocentral N2 component (a negative peak around 
200-300 ms after No-Go signal presentation) and a centroparietal P3 compo-
nent (a positive peak around 300-500 ms after No-Go signal presentation). 
Although the neural generators of the N2 and the P3 have not been localized 
with certainty, it seems likely that they originate in (or at least rely strongly 
on) prefrontal cortex (Kiefer et al., 1998; Bokura et al., 2001; Lavric et al., 
2004; Nieuwenhuis et al., 2008).    

To increase the signal-to-noise ratio, we created a region of interest 
based upon the typical spatial distribution of the N2/P3 component observed 
in many previous studies (Eimer, 1993; Kiefer et al., 1998; Falkenstein et 
al., 1999; Bokura et al., 2001; Lavric et al., 2004; Nieuwenhuis et al., 2008) 
as well as visual inspection of these components in the present experiment 
(incorporated electrodes: Fz, F1, F2, FCz, FC1, FC2, Cz, C1 and C2). On this 
cluster of electrodes, we performed random-effects analyses by applying sam-
ple-by-sample paired t-tests, two-tailed around the peaks of interest (N2/P3) 
to test at which time points the conditions differed significantly (p<0.05) from 
zero (Van Gaal et al., 2011). The significant interval for the N2 and P3 was de-
fined as all bordering significant samples around the peak of interest. All EEG 
analyses were performed using Matlab (Mathworks). A repeated measures 
ANOVA was performed using the mean activity in the significant time-window 
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of the unconsciously initiated N2 and P3.

Table 2.1 Conditions and labels
    

T r i a l 
number

C u e 
type

P r i m e 
type

T a r g e t 
type

P r i m e 
identity

T a r g e t 
identity

1 Square Square Square No-Go No-Go

2 Square Square Diamond No-Go Go

3 Square Diamond Square Go No-Go

4 Square Diamond Diamond Go Go

5 Diamond Square Square Go Go

6 Diamond Square Diamond Go No-Go

7 Diamond Diamond Square No-Go Go

8 Diamond Diamond Diamond No-Go No-Go
Note: 2 X 2 X 2 experimental design leading to eight conditions. All tri-
als differed in the type of stimuli that were presented and result-
ed in different trial identities with respect to the prime and the target.

Results
Task overview
Participants were instructed to respond as fast as possible to a Go target by 
pressing a button with their right index finger and to withhold their response 
when they perceived a No-Go target. The target could be a diamond or a 
square shape (see Fig. 2.1a). Crucially, at the beginning of each trial an in-
struction cue signaled which of both stimuli (square or diamond) functioned 
as the No-Go target in the upcoming trial. To study the effect of unconscious 
information on behavior and brain responses an unconscious prime (square 
or diamond) was presented briefly before the target. Importantly, the same 
prime stimulus was associated with a No-Go response on one trial, but with 
a Go response on the next (depending on the nature of the instruction cue). 
Therefore, stimulus-response associations changed on a trial-by-trial basis. 
Importantly, the prime was strongly masked by the meta-contrast target. The 
2-choice discrimination task, administered after the main experiment to as-
sess whether primes were indeed not consciously perceived, revealed that 24 
out of 27 participants scored at chance-level (chance-level = 50%, binominal 
test). Although the other three participants who scored slightly above chance-
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level reported not to have seen the primes (subjectively), the possibility could 
not be excluded that these participants perceived the primes consciously on 
some occasions. Therefore, these three participants were excluded from fur-
ther analyses. Mean discrimination performance across the 24 included par-
ticipants was 49.3% (SD = 4.3), highlighting that they could not perceive the 
primes consciously. 

Behavior: unconscious No-Go stimuli trigger response inhibition
Reaction times (RTs) on Go targets (mean RT=336.6; SD=59.6) and inhi-
bition rates on No-Go targets (mean inhibition rate=70.1%, SD=6.0) were 
comparable to previous Go/No-Go studies. Intriguingly, although primes were 
rendered invisible, participants inhibited their responses more often when a 
No-Go target was preceded by a No-Go prime than when it was preceded by 
a Go prime (t(23)=6.49, p<0.001), indicating that unconscious primes af-
fected inhibitory performance on subsequent No-Go targets (see Fig. 2.1b). 
Although prime identity had no influence on the (near perfect) performance 
scores on Go trials (Go prime preceding Go target: mean percentage correct = 
98.4%, SD=1.7; No-Go prime preceding Go target: mean percentage correct 
= 98.6%, SD= 2.0; t(23)=1.36, p=0.185), RTs were significantly slower to Go 
targets preceded by a No-Go prime compared to RTs on Go targets preceded 
by a Go prime (t(23)=4.09, p<0.001), as if participants attempted to inhibit 
their response but failed to do so entirely (see Fig. 2.1c). Although not suc-
cessful as such, the attempt to inhibit may have resulted in a slower buildup 
of response activation leading to slower responses. Thus, although prime (and 
target) identity changed on a trial-by-trial basis and therefore strong and sta-
ble prime-response associations could not be formed during testing, No-Go 
primes were still able to trigger response inhibition unconsciously, either by 
increasing the inhibition rate on conscious No-Go targets, or by slowing down 
responses to conscious Go targets.
 Because stimulus identity changed randomly across trials, on some 
trials the identity of the No-Go stimulus repeated from one trial to the next, 
whereas on other trials it changed. Theoretically, it could be that the observed 
behavioral effects were completely due to rapidly learned S-R associations on 
“repeat trials” (one-trial learning). To test this alternative hypothesis we re-
analyzed the data and divided our dataset into two parts; repeat trials (same 
No-Go stimulus as on previous trial) and change trials (different No-Go stimu-
lus as on previous trial). If our behavioral effects were caused by fast S-R 
learning because of repeating the same stimulus across trials one would ex-
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pect to observe larger behavioral effects for repeat trials compared to change 
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Figure 2.1. Task design and behavioral results. A) Participants responded to a Go tar-
get and attempted to withhold their response on a No-Go target. The target could be a 
diamond or a square shape depending on the instruction cue that signaled which of both 
stimuli functioned as the No-Go target in the upcoming trial. Importantly, an unconscious 
(masked) prime was presented briefly before the (metacontrast) target. Note that prime 
identity and target identity (being associated with a Go or No-Go response) varied from 
trial to trial. B) Unconscious No-Go primes trigged full-blown response inhibition on several 
occasions when preceding a No-Go target and C) slowed-down responded Go target trials.
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trials. This was not the case. Unconscious RT slowing was present in both re-
peat trials (t(23)=2.72, p=0.012) and change trials (t(23)=3.58, p=0.002). 
Further, unconscious inhibition effects were both significant for repeat 
(t(23)=5.12, p<0.001) as well as change trials (t(23)=6.58, p<0.001). To test 
whether unconscious RT slowing or unconscious inhibition effects interacted 
with trial type (repeat vs. change trials) we performed 2 x 2 (prime identity x 
trial type) repeated measures ANOVAs for RTs and inhibition rates separately. 

Figure 2.2. EEG results. A) Conscious No-Go targets elicited a larger N2 and P3 
componentthan conscious Go targets. B) Unconscious No-Go primes elicited a 
larger N2 and P3 component than unconscious Go primes. The vertical dotted line 
represents prime presentation. ERPs are computed for a cluster of frontocentral 
electrodes of interest (Fz, F1, F2, FCz, FC1, FC2, Cz, C1 and C2).
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No such interactions were observed for unconscious RT slowing (F(1,23)=0.81, 
p=0.38) or unconscious inhibition effects (F(1,23)=2.84, p=0.11); note that, 
if anything, these effects were larger for change trials. Again, these analyses 
demonstrate that unconscious information processing is very flexible and does 
not need (rapid) S-R learning to sort its effects.
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Figure 2.3. Linear regression plots showing extrapolated prime-visibility to the 
point where the discrimination task showed zero sensitivity (d’=0). Regression 
plots are adjoined by their 95% confidence boundaries. Regression of RT slow-
ing (A) and inhibition rate (B) against d’. Regression of the mean (prime identity 
related) activity differences of the N2 (C) and the P3 (D) component against d’.
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EEG: unconscious No-Go stimuli trigger prefrontal event related potentials
Figure 2.2a shows prime-locked ERPs for trials containing a No-Go target and 
trials containing a Go target collapsed across prime identity (No-Go prime, Go 
prime) as well as the difference wave (No-Go minus Go). Therefore, this com-
parison shows the brain responses related to the conscious activation/imple-
mentation of response inhibition while controlling for possible low-level congru-
ency effects at the same time (for details see Methods). Replicating typical ERP 
findings, we observed a larger frontocentral N2 (peak latency=270 ms, peak 
difference=0.70 μV; significant interval=262-273 ms, p<0.05) and P3 (peak 
latency=383 ms; peak difference=2.33 μV; significant interval=320-523 ms, 
p<0.05) component for No-Go targets compared to Go targets. Both compo-
nents peaked at the expected scalp sites and at typical latencies (Eimer, 1993; 
Kiefer et al., 1998; Falkenstein et al., 1999; Bokura et al., 2001; Nieuwenhuis 
et  al., 2003; Lavric et al., 2004).
 To investigate whether masked primes (association varied on a trial-by-
trial basis) also triggered a larger N2 and P3 component, we isolated brain ac-
tivity related to the unconscious activation of response inhibition (figure 2.2b). 
We compared trials with a No-Go prime with trials with a Go prime (prime-
locked, collapsed across target identity and therefore controlling for low-level 
congruency effects). Crucially, unconscious No-Go primes elicited a larger N2 
(peak latency=242 ms; peak difference=0.43 μV; significant interval=211-266 
ms, p<0.05) and P3 (peak latency=309 ms; peak difference=0.28 μV; signifi-
cant interval=293-316 ms, p<0.05) component than unconscious Go primes. 
If these ERP effects were caused by fast S-R learning one would expect to 
observe larger ERP effects for repeat trials compared to change trials. As with 
behavior, this was not the case. A repeated measures ANOVA revealed that 
there were no interactions between trial type (repeat vs. change) and prime 
identity (Go vs.No-Go) showing that unconsciously triggered electrophysio-
logical indices of response inhibition were not modulated by whether the di-
rect previous trial was the same or different (F(1,23)=0.31, p=0.59). Further, 
besides the main effect of prime identity (F(1,23)=40.86, p<0.001) showing 
larger ERP components for No-Go primes compared Go primes, we also ob-
served a main effect of ERP component (F(1,23)=4.50, p=0.05). This latter 
effect highlights that the unconscious ERP effects were larger for the N2 than 
for the P3, nicely confirming previous findings using a stop-signal task includ-
ing unconscious stop-signals (not aimed at studying the flexibilty, van Gaal et 
al., 2011).  Overall, these results show that unconscious stimuli not only acti-
vate cognitive control networks in prefrontal cortex, as has been shown before 
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(Van Gaal et al., 2008; Van Gaal et al., 2010), but that they do so in a highly 
flexible and non-automatic manner. The latencies as well as the scalp distribu-
tions were highly comparable with the consciously evoked ERP components, 
although the strength of both components was considerably smaller (Van Gaal 
et al., 2011). To rule out that any of these effects were caused by accidental 
prime visibility, discrimination performance in the 2-choice discrimination task 
(percentage correct) was correlated with ERP (mean difference in significant 
interval for the N2 and P3) and behavioral indices of unconscious inhibition (RT 
slowing and inhibition rates). None of these correlations approached signifi-
cance (all ps>0.25). Furthermore, we extrapolated prime-visibility to the point 
where the discrimination task showed zero sensitivity (d’=0) to test whether 
behavioral and ERP indices of unconsciously triggered inhibition were still ob-
served (figure 2.3). Regression of RT slowing and inhibition rate against d’ 
resulted in a significant intercept for RT slowing (intercept=7,8 ms; p<0.001) 
and inhibition rate (intercept= 10,6%; p<0.001). At the point where the dis-
crimination task showed zero sensitivity we also still observed typical ERP 
indices of inhibition triggered by masked primes. Linear regression of mean 
activity differences of the N2 and the P3 components against d’ resulted in a 
significant intercept for the N2 effect (intercept=-0.33 µV; p<0.001) and P3 
effect (intercept= 0.23 µV; p=0.015) (Greenwald et al., 1995; Hannula et al., 
2005). 

Discussion
In this study we explored the flexibility of unconscious information processing 
in the human brain. To this end, we designed a masked Go/No-Go experiment 
in which an unconscious prime stimulus preceding a target could either be 
associated with a Go or No-Go response. Because the identity of the prime 
was varied on a trial-by-trial basis participants had to update S-R associations 
dynamically and flexibly on every trial. This experimental set-up allowed us to 
test whether PFC-mediated cognitive control processes (Van Gaal et al., 2008; 
Hughes et al., 2009; Van Gaal et al., 2010) can be triggered in a flexible, non-
automatic manner.

Behaviorally, unconscious No-Go primes preceding No-Go targets 
trigged full-blown response inhibition on several occasions compared to un-
conscious Go primes. Further, unconscious No-Go primes presented before 
Go targets slowed-down responses compared to unconscious Go primes. Rep-
licating typical EEG findings, we observed a larger frontocentral N2 and P3 
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ERP component for No-Go targets compared to Go targets. Previous work 
has shown that both components are strongly associated with the activation 
of inhibitory control in prefrontal cortex (Eimer, 1993; Kiefer et al., 1998; 
Falkenstein et al., 1999; Bokura et al., 2001; Nieuwenhuis et  al., 2003; Lavric 
et al., 2004; Wagner et al., 2005; Aron et al., 2007; Chambers et al., 2009; 
Ridderinkhof et al., 2010). Interestingly, a similar pattern of EEG activity was 
observed when comparing unconscious No-Go primes with unconscious Go 
primes; both components were observed to be smaller, but peaked at the 
expected scalp sites and at similar latencies (although the P3 peaked rela-
tively early in the unconscious comparison). Previous imaging work using fMRI 
has demonstrated that unconscious response inhibition is associated with in-
creased activation in the inferior frontal cortices (bordering anterior insula) 
and the pre-supplementary motor area (Van Gaal et al., 2010). 

Importantly, these EEG results could not be caused by differences in 
low-level stimulus characteristics between conditions or by low-level stimu-
lus priming effects caused by prime-target congruency differences because 
prime-target (in)congruency and all low-level stimulus features were evenly 
balanced across conditions (see Table 2.1 and Methods). It is also very unlikely 
that our behavioral results were driven by feature priming. If so, we would ex-
pect a consistent pattern in the behavioral data, namely stronger priming ef-
fects for congruent prime-target pairs compared to incongruent prime-target 
pairs. However, inhibition rates to the target increased when the prime and 
the target were congruent (NoGo-NoGo > Go-NoGo), whereas we observed RT 
slowing effects to Go targets when the prime and the target were incongru-
ent (NoGo-Go > Go-Go). This is in line with an inhibition account (if the prime 
is associated with inhibition it triggers behavioral effects irrespective of its 
physical similarities/differences to the target), but not with the feature priming 
account. Moreover, the finding of typical inhibition-related neural responses 
further suggests that our results are caused by inhibitory priming and not by 
low-level feature priming.

Previous research has highlighted the importance of (strong) S-R as-
sociations in the impact of unconscious stimuli on brain and behavior (Abrams 
& Greenwald, 2000; Damian, 2001; Forster, 2004; Elsner et al., 2008; Kouider 
& Dehaene, 2009;). To illustrate, Damian (2001) investigated the role of S-R 
mappings during masked semantic priming and showed that priming effects 
disappear when the prime words were not part of the response stimulus set 
(see also Greenwald, 2000). Along similar lines, category set size matters 
(Forster, 2004), it has been shown that for small stimulus categories (e.g. 
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numbers between 1 and 9) masked priming effects are typically stronger than 
for larger categories (e.g. animals), probably because S-R mapping can more 
easily be formed for smaller categories (Van den Bussche et al., 2009). These 
results suggest that, in some occasions, masked unconscious primes might di-
rectly trigger specific responses while bypassing any semantic analysis (Kunde 
et al., 2003).

However, previous evidence as well as the present results indicate that 
that is not all there is. For example, Klauer and colleagues (2007) showed cat-
egory priming for subliminal words that were never encountered consciously, 
when controlling for confounding factors such as word fragments and even 
when using words as primes and pictures as targets. Further, neuroimaging 
studies provided evidence for a semantic analysis of masked words (Dehaene 
et al., 2004; Naccache et al., 2005). For example, Kiefer and colleagues (Kief-
er, 2001; Kiefer & Brendel, 2006) have reported a series of studies in which 
they have shown that prime words are still processed semantically, as re-
flected in an enhanced N400 ERP component to incongruent prime-target pairs 
(e.g. “beard-chair”) compared to congruent prime-target pairs (e.g. “table-
chair”). A recent meta-analysis on masked priming effects (Van den Bussche 
et al., 2009) has nicely bridged both accounts and revealed that prime novelty 
indeed explains some of the variance in the reported effect sizes: strong S-R 
binding leads to larger effects. However, significant priming can also be ob-
served for novel primes that are never encountered consciously. 

Here, we took a somewhat different approach to study the complexity 
and flexibility of unconscious information processing. To do so, we mapped an 
arbitrary stimulus (square/diamond) to either a left- or right-hand response. 
Although the stimulus set-size used was small (it consisted of only two prime 
stimuli) and was clear right from the start, subjects had to consciously update 
their stimulus response mappings on every trial. In this way, S-R associations 
could not be established through practice. Our results suggest that uncon-
scious information is processed in a flexible and adaptive manner. Apparently, 
a consciously instructed task-set can rapidly determine the processing routes 
taken by an unconscious stimulus (Neumann & Klotz, 1994; Nakamura et al., 
2007) and even when a stimulus is not consistently associated with a (No-Go) 
response it can reach the highest levels of the cortical and cognitive hierarchy. 
This paints a picture of relatively flexible and goal-directed processing of un-
conscious information, pushing even further the already smart characteristics 
revealed recently, such as top-down effects of temporal attention (Naccache et 
al., 2002; Kiefer & Brendel, 2006; Fabre et al., 2007), spatial attention (Sum-
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ner et al., 2006; Marzouki et al., 2007; Bahrami et al., 2008; Kentridge et al., 
2008; Finkbeiner & Palermo, 2009) task strategy and intentions (Kunde et al., 
2003; Greenwald et al., 2003; Ansorge & Neumann; 2005; Van den Bussche 
et al, 2008) on the processing of unconscious information.

We would like to note that, in the present study, the specific task-set 
was always instructed consciously (the cue was always conscious) and an im-
portant next step is to determine whether an unconscious stimulus can also 
instruct the task-set in itself or whether that process is truly restricted to con-
scious information (Dehaene & Naccache, 2001).
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“The first one now will later be last”
    (Bob Dylan)
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Abstract
The ability to distinguish a figure from its background is crucial for visual 
perception. To date, it remains unresolved where and how in the visual sys-
tem different stages of figure-ground segregation emerge. Neural correlates 
of figure border detection have consistently been found in early visual cortex 
(V1/V2). However, areas V1/V2 have also been frequently associated with 
later stages of figure-ground segregation (such as border ownership or sur-
face segregation). To causally link activity in early visual cortex to different 
stages of figure-ground segregation we briefly disrupted activity in areas V1/
V2 at various moments in time using transcranial magnetic stimulation (TMS). 
Prior to stimulation we presented stimuli that made it possible to differenti-
ate between figure border detection and surface segregation. We concurrently 
recorded electroencephalographic (EEG) signals to examine how neural cor-
relates of figure-ground segregation were affected by TMS. Results show that 
disruption of V1/V2 in an early time window (96-119 ms) affected detection 
of figure stimuli and affected neural correlates of figure border detection, bor-
der ownership and surface segregation. TMS applied in a relatively late time 
window (236-259 ms) selectively deteriorated performance associated with 
surface segregation. We conclude that areas V1/V2 are not only essential in 
an early stage of figure-ground segregation when figure borders are detected, 
but subsequently causally contribute to more sophisticated stages of figure-
ground segregation such as surface segregation.
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Introduction
Fundamental for visual perception is the segregation of a scene into figure 
and background. In the process of figure-ground segregation different stages 
can be discerned: An early stage in which figure borders are detected and a 
later stage when processes such as surface segregation and border ownership 
coding emerge (Lamme, 1995; Zhou et al., 2000). For a long time figure-
ground segregation was thought to operate in a strictly hierarchical fashion. 
In the first stages of visual processing small receptive fields in the primary 
visual cortex process elementary features (such as local contrasts, orientation, 
direction of motion [Livingstone & Hubel, 1988; Zipser et al., 1996]), which 
serves as input for higher-tier cortical regions. As information progresses up-
stream through the cortical hierarchy, receptive fields increase in size and 
their characteristics become more complex (Maunsell & Newsome, 1987), al-
lowing initially distributed information to become integrated (often referred to 
as “binding”). However, a growing number of studies demonstrate that areas 
V1/V2 are not only active in early stages of visual processing, when figure 
border detection takes place, but are also involved in the processing of higher 
level and context dependent information (Zipser et al., 1996; Zhou, et al., 
2000; Albright & Stoner, 2002; Juan &  Walsh, 2003; Fahrenfort et al., 2007). 
Contextual modulation of activity in V1/V2 arises when neurons in these areas 
increase or decrease their signalling based on information far beyond their 
classical receptive fields (cRF). For instance, contextual modulation in early 
visual cortex (V1/V2) is found when the cRF of a neuron covers a small part of 
the visual field belonging to a figure surface instead of being part of the back-
ground (surface segregation [Zipser et al., 1996]) or activity is modulated de-
pending on the location of the figure with respect to the cRF (border ownership 
coding [ Zhou et al., 2000]). In both examples the cRF size is too small for the 
neuron to “know” whether it is inside a figure or to “see” on which side of the 
cRF a figure is located. Contextual modulation of signals in V1/V2 therefore 
seems to reflect integration of information over larger parts of the visual field. 

Figure-ground manipulations have also been shown to influence rela-
tively late (peri-occipital) event related potential (ERP) components in human 
electrophysiological (EEG) recordings (Lamme, et al., 1992; Bach & Meigen, 
1997; Caputo & Casco, 1999; Scholte et al., 2008; Pitts et al., 2011). These 
studies show an early effect related to figure border detection and a later oc-
curring enhancement of activity likely reflecting border ownership coding and/
or surface segregation. 

Although figure-ground modulation of signals in V1/V2 is intriguing, 
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it could be that these modulations are epiphenomenal, reflecting attention, 
some sort of by-product of activity higher upstream or residual lingering of lo-
cal activity. In addition, the neural pathway mediating these modulations has 
been subject to debate for many years now (Lamme & Spekreijse, 2000; Kast-
ner et al., 2000; Rossi et al., 2001; Scholte, et al., 2008; Supèr et al., 2010; 
Zhang & Von Der Heydt, 2010).   

To study the necessity of V1/V2 during different stages of figure-ground 
segregation we disrupted activity in V1/V2 with transcranial magnetic stimula-
tion (TMS) at different time intervals while concurrently recording EEG signals. 
We presented stimuli that made it possible to differentiate between figure bor-
der detection and surface segregation (Scholte, 2003; Heinen, et al., 2005; 
Vandenbroucke et al., 2008; Scholte, et al., 2008). By combining TMS and EEG 
we were able to determine how magnetic stimulation of V1/V2 affects neural 
signalling in early visual cortex over time and test how this neural activity 
causally relates to different stages in figure-ground segregation. 

Materials and Methods
Participants
Fifteen undergraduate psychology students of the University of Amsterdam 
(14 females, Mean age= 21.3, SD= 1.71) participated in this study for finan-
cial compensations (13 subjects participated in the TMS-EEG experiment, and 
two subjects participated exclusively in the TMS pilot [see 2.3]). All partici-
pants had normal or corrected-to-normal vision, and were naïve to the pur-
pose of the experiment. Participants had no history of neurological diseases or 
other risk factors and were screened prior to the experiment according to in-
ternational guidelines (Wassermann, 1998; Rossi et al., 2009).  All procedures 
were approved by the Ethics Committee of the Psychology department of the 
University of Amsterdam and subjects gave their written informed consent 
prior to the experiment.

Task design
Stimuli were presented full screen (1024*768 pixels) on a 17 inch DELL TFT 
monitor with a refresh rate of 60 Hz. The monitor was placed at a distance of 
~90 cm in front of the participant so that each centimetre subtended a visual 
angle of 0.64°. Participants were instructed to discriminate between a so-
called stack, frame, and homogenous stimulus (see figure 3.1a-c).  We used 
stimuli in which figure-ground segregation was achieved by relative motion of 
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random dots. These stimuli were created by placing randomly distributed black 
and white dots (one pixel in size) across the screen. Each pixel had an equal 
probability of being black or white. A stimulus consisted of three regions: The 
background (17.99°; 24.8 cd/m²), the figure frame (3.23°; 24.8 cd/m²), and 
the inner figure (2.42°; 24.8 cd/m²). Stimulus presentation consisted of two 
screen refreshes (33,3 ms) in which the random dots were displaced one pixel 
per screen refresh in one out of four directions (45°, 135°, 225° or 315°). During 
the first screen refresh the random dots were displaced in one of the four di-
rections, during the second screen refresh the dots were moved one pixel fur-
ther in that same direction (note that both before and after stimulus presen-
tation the screen was filled with stationary random dots (for illustration, see 
figure 3.2a), stimulus presentation merely consisted of moving these dots).

A homogenous stimulus was created by displacing the dots of all three 
stimulus regions coherently in one direction. The frame stimulus was created 
by displacing the dots of the frame region in a different direction than those 
of the background and inner figure (which were displaced in the same direc-
tion), so that a frame appeared to be hovering above and moving in a different 
direction than the background The stack stimulus appeared when the dots of 
the inner figure region were displaced in one direction, the dots of the frame 
region in another direction and background dots in yet another direction, so 
that a “stack” of figures appeared to be moving in front of the  background. 

In all three stimuli the pixels within each region did not cross their 
fixed border (figure 3.1a-c). As a consequence, all stimuli produced the same 
amount of flicker due to (dis)appearing dots. Moreover, on average, all three 
stimuli contained the exact same strength and directions of motion of dots, 
so that motion energy was fully balanced between stimuli. Finally, stack and 
frame stimuli were perfectly balanced with respect to local motion contrast: 
both stimuli contained an equal amount of borders where motion was in or-
thogonal directions. The only difference between stack and frame stimuli is 
in the amount of figure surface that can be perceived: in the frame stimulus 
only the (relatively small) frame region segregates from background, in the 
stack stimulus both frame and inner figure region segregate. For a subject to 
correctly discriminate between a homogenous and a figure (stack or frame) 
stimulus it is sufficient for the visual system to detect figure borders. How-
ever, to discriminate between a stack and a frame stimulus, additional figure-
ground segregation (surface segregation) is necessary. Note, however, that 
the stack and frame stimuli share the same amount of border ownership, and 
only differ in the specific types of border assignments (i.e. for the frame both 
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borders are owned by the same surface, whereas for the stack, one border is 
owned by the large occluded square surface, and the other by the smaller oc-
cluding square surface). We believe that it is highly unlikely that ERPs and TMS 
are precise enough to measure or disrupt this difference in border assignment. 
In this study therefore it is impossible (and not our intention) to measure or 
manipulate differences related to border ownership.

Each trial started with a blank screen (1500 ms; 24.8 cd/m²) followed 
by a display filled with an equal amount of randomly distributed black and 
white dots with a fixation dot placed in the centre of the screen (0.15°; 1250-
1400 ms, see figure 3.2b). Next, the stimulus (homogenous, frame, or stack) 
was presented in the lower left corner of the fixation dot (off centre: horizontal 
7.7°; vertical 10.64°) for two screen refreshes (33.3 ms). After the second dis-
placement all dots remained in position and the trial ended when a response 
was given. In the period after stimulus offset a double TMS pulse could be ad-
ministered over V1/V2 (see TMS protocol below). Participants were instructed 
to discriminate between the three stimuli and press a left button on a button 
box placed at the left hand side (left index finger) when they thought that a 
homogenous stimulus was presented, press the left button on a button box 
placed on the right hand side (right index finger) when they thought a frame 
was presented and the right button on a button box placed on the right hand 
side (right middle finger) when a stack was presented (target button assign-
ment was counter-balanced across subjects).  

The paradigm constituted a 3 x 4 design resulting in twelve trial types, 
consisting of three different stimuli (stack, frame and homogenous) and four 
different TMS conditions (early, intermediate, late and No TMS, see figure

Figure 3.1. A-C) Stimuli were created by displacing randomly distributed black 
and white dots in one out of four directions. The three stimuli differed in the 
amount of figure regions segregated from the background.
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 3.2). Within each block, stimulus type and TMS timing were randomized and 
equally probable. Stimuli were presented using Presentation (Neurobehavioral 
Systems).

Because of TMS-exposure limitations set by the Ethics Committee, data 
were gathered in 7-8 sessions per participant (approximately 90 minutes per 
session) in which participants performed four experimental blocks per session 
(25 blocks in total), each containing 96 trials (resulting in 200 trials per condi-
tion). 

All participants were well trained in the experimental task and accus-
tomed to V1/V2 stimulation. Almost all participants (13) already participated 
in a pilot study (1536 trials) using the same stimuli and almost the same 
stimulation protocol (single pulse instead of double pulse). Before starting 
the experimental sessions all participants received practice trials (four blocks) 
without TMS. Participants were instructed to keep their eyes fixated on the fix-
ation dot while directing their attention towards the location where the stimuli 
were presented. 

TMS protocol
We briefly disrupted processing in V1/V2 using a Magstim Rapid² (Magstim 
Company, UK) stimulator. We positioned the base of a 90-mm diameter cir-
cular coil ~1.5 cm above the inion (central location), with the orientation of 
the axis of the coil parallel to the transverse plane (handle pointing to the 
right) and applied a double pulse at 45 HZ (i.e. one pulse followed by another 
within 23 ms). Current direction was clockwise. We used this location and 
coil to effectively stimulate areas V1/V2 (considering the anatomical positions 
of V2 and V1). Participants were placed in a chin rest to optimize stability 
during stimulation. Before starting the experimental sessions, we determined 
phosphene threshold as well as the optimal location of the coil, in such a way 
that the phosphene covered the area where the stimulus would be presented. 
Before starting the experiment, the phosphene thresholds of each participant 
was determined by increasing stimulator output while targeting V1/V2 until 
50% of the pulses resulted in the perception of a phosphene (eyes open in a 
dim lit room, fixating on a black screen). In the experimental setting, we used 
~85% of phosphene threshold to stimulate at three different time intervals 
(an average of 57% of maximum stimulator output). If participants reported 
to have seen phosphenes during an experimental block, all data from such an 
experimental block were discarded. The three TMS time-windows were based 
on behavioural pilot data (25 trials per condition) obtained from four partici-
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pants (two participants also participated in the TMS-EEG experiment) 

Figure 3.2. A) Task design. Participants had to discriminate between a ‘stack’, 
‘frame’ or ‘homogenous’ stimulus. Crucially, these three stimuli differed in the 
amount of figure-ground segregation needed to make a correct distinction. The 
stimulus was presented at the lower left side of the fixation dot. Importantly, after 
stimulus presentation we briefly disrupted V1/V2 at various moments after stimu-
lus presentation with two TMS pulses (intermixed with trials without TMS) while 
recording EEG signals. B) TMS target location.
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who were tested at fourteen different time intervals (56-339 ms with a 20 ms 
step) using the same stimuli, coil position and stimulator settings as during 
our TMS-EEG experiment (see figure 3.8). We chose three time intervals for 
our TMS-EEG experiment: an “early” time window (96-119 ms) and a “late” 
time window (236-259 ms) with a behavioural effect and as a control one “in-
termediate” interval (156-179 ms) without a behavioural effect. We also pre-
sented stimuli without applying TMS (the No TMS condition), creating a total 
of four TMS conditions (see figure 3.2a). 

To rule out any TMS effects unrelated to the disruption of neural activ-
ity in V1/V2 (i.e., noisy clicks) we added an extra session in which we applied 
sham TMS. Seven participants (also participating in the TMS-EEG experiment) 
performed the discrimination task while sham TMS was applied over V1/V2. 
We used the same time windows and stimulator output as during actual stimu-
lation. We recorded 48 sham trials per condition (576 trials in total), while an 
EEG cap was placed on the heads of the participants (although no actual EEG 
signals were recorded during sham TMS, we wanted to keep the circumstances 
identical to that of effective stimulation). During sham stimulation the coil was 
tilted ventrally, 90° from the plane tangential to the scalp (Lisanby et al., 2001).

Behavioural analysis
Almost all participants were able to reach a moderate overall performance 
level. However, two participants failed to reach a level above 67% correct 
(stack detection remained around chance level). These two participants were 
excluded so that all further analyses were performed on the remaining eleven 
participants. 

To examine the effect of TMS on behavioural scores we performed a 
3 x 4 repeated measures ANOVA on mean percentage correct with factors: 
stimulus type (homogenous, frame, stack) and TMS time-window (none, early, 
intermediate, late). A 3 x 4 repeated measures ANOVA was also performed on 
mean reaction times with factors: stimulus type and TMS time-window. Reac-
tion times of less than 100 and greater than 1500 ms were excluded from all 
analyses.

EEG measurements and analyses
EEG was recorded and sampled at 1048 Hz using an ANT 64-channel system 
with 8 bipolar inputs allowing the recording of EOG (ANT - ASA-Lab system of 
ASA). Sixty-four scalp electrodes were measured, as well as four electrodes 
for horizontal and vertical eye-movements (each referenced to their counter-
part). After acquisition, EEG data was filtered using a special filtering algo-
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rithm designed to eliminate ringing effects that occur when filtering signals 
that have high frequency components. To overcome ringing effects, both the 
original signal as well as its mirrored version (transposed in time) are filtered. 
By combining the filtered original signals and the filtered mirrored signals it 
is possible to create epochs around the TMS pulses that are filtered and show 
no ringing effects (implemented in ASA [ANT - ASA-Lab]). In Matlab (Math-
works) we set EEG sample values to zero in an interval disrupted by the TMS 
pulses (-2 ms to 65 ms in relation to TMS onset). Next we interpolated (using 
a spline interpolation) the EEG samples set to zero (using data 250 ms before 
and after the interval set to zero), without affecting EEG samples outside this 
67 ms interval (the interpolated segment was of the same order as the rest 
of the data), so we were able to further filter the data (Sadeh et al., 2011). 
After initial low-pass filtering (100 HZ) during recording, additional filters were 
applied after removal of the TMS artifact and data-interpolation. High-pass 
filtering (0.5 HZ), additional low-pass filtering (30 HZ) and a notch filter (50 
HZ) were used (doing the filtering before artifact removal would propagate the 
substantially stronger TMS artifact through the data). To limit the spreading 
of the interpolated data we used an IIR filter kernel of limited length. Next 
we down-sampled to 256 Hz, and subsequently re-referenced to Cz. Non-TMS 
related artefacts as eye movements were corrected on the basis of Indepen-
dent Component Analysis (Vigário, 1997) and ocular correction (Gratton et al., 
1983). Artefact correction was applied on all separate channels by removing 
segments outside the range of ± 75 µV or with a voltage step exceeding 50 
µV per sampling point. To increase spatial specificity and to filter out deep 
sources we converted the data to spline Laplacian signals (Perrin et al., 1989). 
After conversion to spline Laplacian signals, trials were manually inspected 
and removed if irregularities due to interpolation were found. EEG data were 
baseline corrected by subtracting the average sample value across the 100 ms 
prior to stimulus presentation. Finally all trials were averaged per condition. 
All preprocessing steps were done using Brain Vision Analyzer (BrainProducts), 
ASA (ANT - ASA-Lab) and Matlab (Mathworks).

We created an a priori pooling of electrodes to increase the signal-to-
noise ratio and decrease the amount of comparisons. We based our pooling 
(O1, O2, Oz, POz, PO3, PO4, PO5, PO6, PO7 and PO8) on previous litera-
ture showing neural correlates of figure-ground segregation in these channels 
(Pitts et al., 2011; Scholte et al., 2008) and where we expected the disruption 
of TMS would have an effect (Thut et al., 2003). 

Although we removed the TMS artifact from our EEG data (see above), 
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the TMS evoked potential was still present in our data. To cancel out effects 
in our EEG data related to local dot displacement and the TMS evoked po-
tential we subtracted ERPs on trials containing a homogenous stimulus from 
ERPs on trials containing a figure stimulus (stacks and frames collapsed, see 
figure 3.5) for each TMS condition separately (Thut et al., 2005; Taylor et al., 
2007; Fahrenfort, et al., 2007; Sadeh et al., 2011). The resulting difference 
waves (figure-homogenous difference) now reflect activity related to process-
ing of the figure without activity related to local dot displacement and the TMS 
evoked potential. Next we wanted to study the neural correlate of surface 
segregation and to cancel out the neural effect of local dot displacement, the 
TMS evoked potential and relatively early signals related to figure border pro-
cessing and border ownership coding. We therefore subtracted ERPs on trials 
containing frame stimuli from ERPs on stack trials (figure 3.6) for each TMS 
condition separately. The resulting difference waves (stack-frame difference) 
now reflect surface segregation and no longer contain activity related to lo-
cal dot displacement, the TMS evoked potential, and figure border detection 
(Scholte et al., 2008).

We performed random-effects analyses by applying sample-by-sample 
paired t-tests (two-tailed) to test which samples of the subtractions differed 
significantly from zero. We corrected for multiple comparisons by correcting 
the p value by fixing the false discovery rate (FDR) at .05 (Benjamini & Hoch-
berg, 1995). To reduce the amount of comparisons we selected time windows 
that were identified in previous literature (Bach & Meigen, 1997; Caputo & 
Casco, 1999; Scholte et al., 2008; Pitts et al., 2011) as relevant for figure bor-
der detection, border ownership coding and surface segregation.  We choose 
a time window between 80-230 ms after stimulus onset to statistically test 
relatively early differences related to figure border detection and border own-
ership coding (in figure-homogenous subtractions, see above). Note that this 
time window could not be tested in the condition when TMS was applied in the 
intermediate time window, due to interpolation of the data (for this condition 
all interpolated samples were in the middle of the relevant time window). All 
interpolated EEG samples were excluded from statistical testing. To study the 
neural correlates of surface segregation we choose a time window between 
200-350 ms after stimulus onset to statistically test differences between ERPs 
on trials containing stack stimuli and trials containing frame stimuli. Due to 
data interpolation, we were not able to test this difference in the late TMS 
condition.
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3. Results
Task overview
We constructed a design in which participants had to discriminate between 
three stimuli. Crucially, these three stimuli differed in type of information 
needed to make a correct distinction. To discriminate a figure (stack or frame) 
from a homogenous stimulus figure border detection is sufficient. However, to 
discriminate a stack from a frame stimulus (later emerging) surface segrega-
tion is essential, since low-level features, figure borders and the amount of 
border ownership is equal in both stimuli. With a double TMS pulse we were 
able to briefly disrupt neural activity in areas V1/V2 at different moments in 
time and hence could find out if and when early visual cortex contributes to 
different stages during figure-ground segregation. By concurrently measur-
ing EEG signals we were able to investigate the causal role of previously de-
scribed neural correlates of figure-ground segregation (Caputo & Casco, 1999; 
Lamme et al., 1992; Pitts et al., 2011; Scholte et al., 2008).

Behavioural data reveal two critical time windows in V1/V2
To test the effect of TMS time window and stimulus type, two 4 x 3 (TMS 
time window x stimulus type) repeated measures ANOVAs - on accuracy and 
reaction times (RT) - were performed. We found a clear interaction between 
stimulus type and time window of TMS (F (6, 60) = 5.30, p<0.001), showing 
that TMS applied in a specific time window altered performance depending on 
the type of stimulus presented (Figure 3.3b-d). There was a significant main 
effect of TMS time window on accuracy (F (3, 30) = 12.6, p < .001). 

Detection of homogenous stimuli deteriorated when TMS was applied, 
compared to the No TMS condition. This effect was only significant for the in-
termediate TMS time window (t(10)=2.96, p=0.01, one-tailed, FDR corrected 
p< 0.05). Because there was no difference in detection scores between the 
three moments when TMS was applied over V1/V2 (i.e., the early, intermedi-
ate and late time windows, all ps > 0.66), it thus seemed that, independent 
of timing, TMS generally caused a slightly elevated tendency to see a homog-
enous stimulus as a figure, possibly due to a misinterpretation of induced 
neural noise in V1/V2 (see figure 3.3b).

Frame detection decreased exclusively when TMS was applied in an 
early time window (figure 3.3c). Performance scores in the early TMS condition 
were significantly lower in comparison with the No TMS condition (t(10)=2.71, 
p<0.05 , one-tailed, FDR corrected p<0.05), the  intermediate TMS condition 
(t(10)=4.48, p< 0.01, one-tailed, FDR corrected p<0.05) and the late TM-
Scondition (t(10)=2.68, p< 0.05, one-tailed, FDR corrected, p<0.05). 
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Figure 3.3. A) Overall detection scores per TMS condition show that performance 
was affected depending on timing of TMS and stimulus type. B) TMS in gen-
eral, not timing specific, seemed to disrupt detection of homogeneous stimuli. 
C) Frame detection decreased selectively when TMS was applied in an early time 
window. D) Detection of stack stimuli was deteriorated when TMS was applied in 
this same early time window, but also later in time again in the late TMS condition.  
Data are means ± SEM
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Stack detection deteriorated when TMS was applied in an early time 
window (figure 3.3d) in comparison with the No TMS condition (t(10)=2.94, 
p<0.05; one-tailed, FDR corrected, p<0.05) and the intermediate TMS condi-
tion (t(10)=3.83, p< 0.01, one-tailed, FDR corrected, p<0.05). Interestingly, 
figure 3.3d shows that applying TMS in the late time window also resulted in 
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Figure 3.4.  Types of errors are plotted for stacks and frames for the differ-
ent TMS conditions. When TMS was applied in an early time window stacks and 
frames are more frequently being mixed-up (A and C). When TMS was applied in 
a late time window selectively stacks are being more often seen as frames (A). 
TMS has no influence on the amount of stacks seen as homogenous (B) or frames 
seen as homogenous (D). Data are means ± 1 SEM.
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poorer detection scores on stack stimuli (no TMS vs. late TMS: t(10)=4.87, 
p< 0.01, one-tailed, FDR corrected, p< 0.05; intermediate TMS vs. late TMS: 
t(10)=5.58, p< 0.01, one-tailed, FDR corrected, p< 0.05). When we applied 
TMS in the early time window performance on both stack and frame stimuli de-
teriorated, whereas TMS applied in the late time window selectively disrupted 
detection of stack stimuli.

Next, we wanted to find out what kinds of errors were being made in 
the different TMS conditions (see figure 3.4). Analysis of the errors showed 
that stacks were more seen as frames and vice versa when TMS was applied 
in an early time window (for frames seen as stacks: early compared with all 
other TMS conditions, all ts(10)> 2.38, all ps <.005, two-tailed, FDR cor-
rected, p<0.05; for stacks seen as frames: early vs. no TMS, t(10)=2.30, 
p< 0.05, two-tailed, FDR corrected, p<0.05 and early vs. intermediate TMS, 
t(10)=2.88, p< 0.05, two-tailed, FDR corrected, p<0.05). However, when TMS 
was applied in a late time window selectively stacks were being more often 
mistakenly seen as frames (late TMS vs. no TMS, t(10)=3.44, p< 0.01, two-
tailed, FDR corrected, p<0.05 and late TMS vs. intermediate TMS, t(10)=3.93, 
p< 0.01, two-tailed, FDR corrected, p<0.05). 

Reaction time analysis showed no interaction between stimulus type 
and TMS timing (F (6, 60) = 0.59, p= 0.75) but did show significant main ef-
fects of stimulus type (F (2, 20) = 3.95, p=0.04) and TMS timing (F (3, 30) 
= 13.89, p< 0.001). Participants responded fastest to homogenous stimuli 
(mean RT homogenous= 589 ms, SD= 63; mean RT frame= 647 ms, SD= 
60; mean RT stack= 614 ms; SD= 73; homogenous vs. frame, t(10)=3.93, 
p< 0.01, two-tailed, FDR corrected, p<0.05 ) and when no TMS was applied 
(mean RT no TMS= 588 ms, SD= 43; mean RT early TMS= 620 ms, SD= 60; 
mean RT intermediate TMS= 621; SD= 57; mean RT late TMS= 639; SD= 59). 
Since we did not find an RT interaction effect of stimulus type and TMS timing 
it seems very unlikely that the interaction effect found in performance scores 
was influenced by a speed-accuracy trade off.  Furthermore, TMS general-
ly (disregarding timing and stimulus type) made participants respond more 
slowly and less accurate instead of faster and less accurate.

Analysis of data gathered during sham stimulation revealed that our 
behavioural performance effects were not caused by unspecific TMS effects. 
No interaction effect (TMS timing x stimulus type, F (6, 36) = .46, p= 0.83) 
or main effect of TMS timing (F (3, 18) = 1.11, p= 0.37) was found when we 
applied sham TMS over early visual cortex. However, analysis of the reaction 
times during sham stimulation showed the same effects as during effective 
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stimulation. We found a significant main effect of stimulus type (F (2, 12) = 
5.27, p=0.023) and timing of sham stimulation (F (3, 18) = 12.81, p< 0.001). 
Post-hoc paired t-tests showed that participants responded more slowly when 
sham TMS was applied in comparison with no sham stimulation (No sham 
separately compared with the three sham conditions, all ts(6)> 3.39, all ps< 
0.05, one-tailed, FDR corrected, p<0.05). Reaction times were not influenced 
by the actual timing of sham stimulation (no difference between sham stimu-
lation in an early, intermediate and late time window, all ts(6) < 1.28, all ps> 
0.25). Although our performance scores were not affected by non-specific TMS 
effects (unrelated to the disruption of neural activity in V1/V2, such as noisy 
clicks), it seems that reaction time differences were mainly driven by unspe-
cific TMS effects.

Figure versus background
To isolate activity related to figure processing without influences from activity 
related to local dot displacement and the TMS evoked potential we subtracted 
activity evoked by a homogenous stimulus from activity evoked by a figure 
stimulus (stack and frame collapsed, see EEG methods). We first examined the 
subtraction of these two ERPs without the effect of TMS (figure 3.5a). A differ-
ence between figure and homogenous stimuli appeared between 137-211 ms 
(FDR corrected, p < 0.05; see methods). When we applied TMS over V1/V2 
in an early time window the significant difference between a figure and a ho-
mogenous stimulus is no longer there (figure 3.5b). However, because of the 
close temporal proximity of the interpolation (see 2.5), one should be cautious 
with interpreting this null result. Not surprisingly (in a causal world), the dif-
ference signal was not affected when we applied TMS in the late time window 
(significant interval of the difference signal: 156-191 ms, FDR corrected, p < 
0.05; see figure 5c). Unfortunately, due to interpolation of the EEG data we 
were not able to test the difference between figure and homogenous stimuli 
when TMS was applied in the intermediate time window (see EEG methods).  

Remarkably, in the no TMS condition we found a significant deflection 
between ERPs on figure trials and ERPs on homogenous trials (156-191 ms), 
however, no behavioural changes were found when TMS was applied during 
that time window (the intermediate TMS time window, 156-179 ms). Although 
intuitively this may seem strange, Walsh and Cowey (Walsh &  Cowey, 2000) 
reported that the peak of the EEG signal does not necessarily have to corre-
spond with the moment when TMS has its behavioural effect. They note that 
TMS can have a behavioural effect at different moments of the progression of 
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the EEG signal. This difference in timing could be produced by the summative 
nature of different components in the build-up of the EEG signal, while TMS 
acts more directly on neural signalling. TMS can thus have an effect when it 
coincides with the initial build-up of the EEG signal or TMS can have its effect 
when the EEG signal peaks or even when it’s near the end of its decline. In 
this experiment is seems that applying TMS in the build-up of the difference 
between ERPs on trials containing a figure stimulus and trials containing a 
homogenous stimulus affects performance, while stimulating at the peak of 
this difference in ERPs does not alter performance. This suggests that during 
build-up, the neural processes leading to figure border detection are more 
vulnerable to interference than when they have fully evolved.

Stack versus frame: Neural correlates of surface segregation
To isolate signals related to surface segregation and to cancel out signalling re-
lated to figure border detection, we subtracted activity evoked by frame stim-

Figure 3.5. EEG-TMS results: Early and late stages in figure-ground segregation. 
A) Figure stimuli deflected negatively from homogenous stimuli when no TMS was 
applied (significant interval=137-211 ms, p<0.05, corrected for multiple compari-
son with the FDR) or (C) when TMS was applied in a late time window (significant 
interval=156-191 ms, p<0.05, corrected for multiple comparison with the FDR). 
This significant deflection was abolished when TMS was applied in an early time 
window (B). Signals behind the transparent vertical bar represent interpolated 
data. ERPs are computed for a cluster of peri-occipital electrodes (O1, O2, Oz, 
POz, PO3, PO4, PO5, PO6, PO7 and PO8).
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uli from activity evoked by stack stimuli (since both stimuli have exactly the 
same amount of figure borders on exact the same locations, see methods). 
Figure 3.6a shows a significant deflection between responses evoked by stack 
and frame stimuli appearing around 230 ms (significant interval: 227-313 ms, 
FDR corrected, p < 0.05) in the No TMS condition. This stack-frame difference 
was abolished in the early TMS condition (figure 3.6b), where behaviourally 
stimulation resulted in decreased stack and frame detection. In the intermedi-
ate TMS condition responses evoked by stack and frame stimuli remained to 
significantly deflect from one another between 230-348 ms (FDR corrected, p 
< 0.05; see figure 3.6c). Due to interpolation of the EEG data we were not able 
to test the difference between stack and frame stimuli when TMS was applied 
in the late time window (see EEG methods).  
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Figure 3.6. EEG-TMS results: Late stage in figure-ground segregation. (A) Stack 
stimuli significantly deflected from frame stimuli when no TMS was applied (sig-
nificant interval=227-313 ms, p<0.05, corrected for multiple comparison with the 
FDR) or (C) when TMS was applied in an intermediate time window (significant 
interval=230-348 ms, p<0.05, corrected for multiple comparison with the FDR). 
(B) This significant deflection was no longer present when TMS was applied in an 
early time window. Signals behind the vertical bar represent interpolated data. 
ERPs are computed for a cluster of peri-occipital electrodes (O1, O2, Oz, POz, 
PO3, PO4, PO5, PO6, PO7 and PO8).
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 TMS stimulation in an early time window decreased figure detection 
and disrupted relatively early neural signalling associated with figure border 
detection. In addition, TMS in an early time window disrupted later occurring 
figure-ground signals related to surface segregation, while neural correlates of 
surface segregation remained intact when TMS was applied in the intermediate 
time window. To test whether there is a difference between the different TMS 
conditions we compared the difference signals (responses evoked by stack 
stimuli minus responses evoked by frame stimuli) of three TMS conditions: the 
no TMS condition, the early TMS condition and the intermediate TMS condition 
(the late TMS condition is missing due to data interpolation, see EEG meth-
ods). For each TMS condition we cumulated values of this difference signal in 

Figure 3.7. TMS modulation of stack-frame difference. A) Early TMS reduced 
the difference in activity evoked by stack and activity evoked by frame stimuli in 
comparison with the No TMS condition (t= 2.97, p=0.01, two-tailed) and the in-
termediate TMS condition (t= 2.50, p=0.04, two-tailed). No difference was found 
between no TMS and TMS applied in the intermediate time window (t= 0.95, 
p=0.37, two-tailed).  B) Excluding error trials resulted in an increased (trend) 
stack –frame difference (collapsed across TMS conditions, Correct trials vs. All 
trials: t= 1.60, p=0.07, one-tailed). The dashed lines display the increase of the 
stack-frame difference for each TMS condition after excluding error trials. The 
stack-frame difference for correct trials is only significant between the no TMS 
and early TMS conditions (t= 2.62, p=0.03, two-tailed). Data are means ± 1 SEM. 
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the time interval between 227-313 ms (based upon the significant deflection 
of stack from frame stimuli in the No TMS condition). Figure 7a shows a clear 
reduction of the difference between ERPs on trials containing a stack and trials 
containing a frame stimulus when TMS was applied in an early time window 
in comparison with the No TMS condition (t= 2.97, p=0.01, two-tailed) and 
the intermediate TMS condition (t= 2.50, p=0.04, two-tailed). Interestingly, 
there is no difference between no TMS and TMS applied in an intermediate 
time window (t= 0.95, p=0.37, two-tailed). Next we explored the relationship 
between performance (i.e., correctly perceiving a stack as a stack) and late 
neural signalling in occipital cortex. We expected stack-frame differences to 
increase by excluding error trials, since these errors trials involved the mix-up 
of stack and frame stimuli (see figure 3.3). We therefore performed the same 
analysis as described above (figure 3.7a), but now excluding all error trials. 
Figure 3.7b shows that by excluding error trials we were able to observe an 
enhancement (trending) of the stack –frame difference (collapsed across TMS 
conditions, Correct-All trials: t= 1.60, p=0.07, one-tailed). Comparing differ-
ent TMS conditions for correct-only trials resulted in a significant difference 
between the no TMS and early TMS condition (t= 2.62, p=0.03, two-tailed). 
Interestingly, although behaviorally all EEG trials were equal (correct-only tri-
als), we are still able to observe a difference between the different TMS con-
ditions (figure 3.7b). It therefore seems that TMS is able to influence neural 
signalling, without necessarily leading to overt behavioral effects.  

Discussion
By briefly disrupting activity in early visual cortex during a discrimination task 
we were able to causally link activity in areas V1/V2 to different stages in 
figure-ground segregation. The present findings show that the role of early vi-
sual cortex is not limited to low-level computations, but reveal that areas V1/
V2 are also necessary later in time when surface segregation emerges. Here 
we observed that disruption of V1/V2 activity in the late TMS time window 
resulted in reduced performance scores selectively for stack stimuli. In order 
to correctly discriminate a stack stimulus (from a frame stimulus) surface seg-
regation is necessary, therefore causally linking activity in early visual cortex 
in this relatively late period to surface segregation. In addition, disruption of 
early visual cortex in this late time window selectively made participants erro-
neously see more stacks as frame stimuli supporting the claim that specifically 
surface segregation was affected in this time window (since frames are identi-
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cal to stack stimuli except for a different amount of figure surface, see 2.2). 
The necessity of early visual cortex in this late period during figure-ground 
segregation demonstrates that late V1/V2 activity is not epiphenomenal or 
merely a by-product of activity in higher (visual) areas.
  Surprisingly, stimulation of early visual cortex in an intermediate time 
window did not affect performance or neural signalling associated with surface 
segregation. This latter finding indicates that the degree to which activity in 
early visual cortex is necessary for figure-ground segregation varies over time. 

The neural pathway of surface segregation 
The neural pathway mediating contextual modulations found in non-human 
primates, or enhanced ERP components related to surface segregation in early 
visual cortex has been a topic of debate for many years (Kastner et al., 2000; 
Lamme & Spekreijse, 2000; Rossi et al., 2001; Zhang et al., 2010; Supèr et 
al., 2010). Lesion studies (Bullier, 2001; Lamme et al., 1998) corroborated by 
demonstrations on conducting speed of lateral connections  (Bringuier et al., 
1999; Girard et al., 2001) stress the role of feedback signals in this relatively 
late phase of figure-ground segregation in early visual cortex. Alternatively, 
these late processes in early visual cortex could be the product of horizontal 
connections integrating information over larger parts of the visual field. Local 
cortical interactions (Das & Gilbert, 1999) or long-range horizontal connec-
tions (Kapadia et al., 1995) could be dominantly responsible for relaying con-
textual information within early visual cortex. However, previous studies have 
demonstrated that the conduction velocity of horizontal connections is ten 
times as slow as the conduction speed of feedforward or feedback connections 
(Angelucci et al., 2002; Bringuier et al., 1999; Girard et al., 2001), making 
integration of information produced by horizontal connections relatively time 
consuming. The finding of an intermediate period without disruption of neu-
ral activity (see figure 3.7) related to surface segregation seems to support 
the idea that feedback signalling to early visual cortex contributes to this late 
stage in figure-ground segregation. However, to be able to draw firm conclu-
sions about the role of feedback signals the inclusion of additional higher-tier 
TMS target locations is necessary (see Chapter 5).  

Surface segregation and attention
In this experiment we did not manipulate attention explicitly. Therefore differ-
ences found in our EEG data between stimuli could originate from a difference 
in amount of attention each stimulus draws (object based attention, as there is 
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no reason to assume a difference in spatial attention, see methods). Attention 
modulating activity has been found to travel all the way back to V1 (Roelfsema 
et al., 1998; Mehta, Ulbert, & Schroeder, 2000). These modulations by atten-
tion seem to enhance processing of relevant regions of a scene while suppress-
ing irrelevant ones (Hopf et al., 2006), thereby shaping visual input for further 
processing. Considering the temporal aspects of the electrophysiological dif-
ferences between stack and frame stimuli (>200 ms) in our data, it could be 
that modulation by attention caused or influenced stack-frame signal deflec-
tions. Recently, however, several studies showed that figure-ground modula-
tion can be found independently from attention (Driver et al., 1992; Kastner et 
al., 2000; Marcus & Van Essen, 2002; Scholte et al., 2006; Appelbaum et al., 
2006; but see Ito & Gilbert, 1999) and might even guide attentional recourses 
(Qiu et al., 2007). In this perspective, figure-ground segregation could actu-
ally pave the way for prioritizing regions of a visual scene which attention can 
assign for deeper processing. Thus, if stack-frame differences were caused by 
attention, these effects would still be depending on the framework generated 
by figure-ground segregation.

Form from motion
Classically, it is thought that in stimuli like we used in this study processing 
proceeds from motion detection via local motion detectors (e.g. direction se-
lective cells in V1, V3 or MT), via the detection of motion discontinuities or 
motion defined borders  (via opponent motion sensitive cells e.g. in MT or MST, 
see Stoner & Albright, 1992; Movshon et al., 1985) to mechanisms that are 
selective for motion defined shapes (e.g. kinetic shape selective cells in IT, see 
Sary et al., 1993). Our experiment was designed so that stack versus frame 
stimuli were identical with respect to these three stages of processing: on 
average local motion is identical, stimuli contain the same amount of motion 
discontinuities, and these motion discontinuities define the same shapes (rect-
angles). Their only difference lies in the manner in which filling processes pro-
ceed over these rectangles: in frame stimuli the interior rectangle is ‘grouped’ 
with the background, and the frame stands out as a different surface, while 
in stack stimuli the interior rectangle fills in as a separate surface. We find, 
in accordance with earlier results (Scholte et al., 2007), that these different 
ways of filling in the rectangles find their neural correlates in relative late cor-
tical processing, way beyond the timing of the three steps described above. 
This is probably due to the fact that these three stages are mediated by rapid 
feedforward sweep processing (Lamme & Roelfsema 2000), whereas the filling 
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in is mediated by re-entrant processing mediated by horizontal and feedback 
connections. As a consequence, shape (or form) from motion occurs before 
filling in, yet we designed our stimuli so that from the perspective of motion 
defined shape (form from motion) mechanisms the stack and frame stimuli 
are comparable and hence a form from motion versus no-form from motion 
differences cannot explain our results.

Late activity in early visual cortex 
When visual information is initially processed by means of feedforward acti-
vation, in the right setting, this information can elicit activity throughout the 
brain, even reaching the highest levels of the cortical hierarchy (Dehaene et 
al., 2006; Lau & Passingham, 2007; Nakamura et al.,  2007; Van Gaal, et 
al., 2010; Wokke et al., 2011). As visual information travels upstream neural 
responses become increasingly more complex. However, it seems that these 
early visual areas, that are initially important for processing low-level stimulus 
features, remain necessary during higher-level (visual) processes. It has been 
suggested that after the initial feedforward sweep early visual cortex acts as 
an active blackboard (Bullier, 2001), available for comparing and integrating 
outcomes of computations performed higher upstream.  In line with this view 
Hochstein and Ahissar (2002) argued that feedback signals flowing back to 
early visual areas are crucial for processing detailed information (“vision with 
scrutiny”) present in a visual scene (see also Jolij et al., 2011).

Previous studies using TMS revealed the necessity of early visual cortex 
in a broad range of complex visual processes. For instance, disruption of activ-
ity in areas V1/V2 revealed that early visual cortex is essential for feature and 
conjunction detection (Juan & Walsh 2003)signal detection was decreased in 
feature and conjunction detection tasks by repetitive pulse TMS (rTMS, a locus 
for multisensory interactions (Romei, Murray, Merabet, & Thut,  2007) and 
necessary during a long time window (outlasting higher-tier visual regions) for 
perceiving natural scenes (Koivisto et al., 2011). 

The use of TMS has also proven to be a fruitful way of exposing the 
importance of interactions between higher and lower (visual) brain regions. 
For instance, by disrupting activity in relatively higher and lower visual areas 
feedback signalling to V1/V2 has been causally linked to visual awareness of 
motion (Pascual-Leone & Walsh 2001; Silvanto et al., 2005). Recently, the im-
portance of ongoing interactions between different levels of the cortical hier-
archy have been described by models of visual processing in which predictive 
signals about lower-level activity flow from higher to lower-order cortical re-
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gions, while residual error signals, carrying information about the discrepancy 
between higher-level prediction and actual lower-level neural activity, flow in 
the opposite direction (Rao & Ballard, 1999). By using a somewhat different 
task set-up than in the present study, TMS might be a useful tool for discrimi-
nating neural activity related to the different properties of the predicitve cod-
ing framework. 

For a long time the nature of activity in early visual cortex correlated 
with higher-level phases during figure-ground segregation has been hotly de-
bated. By using a combination of TMS and EEG we were able to demonstrate a 
causal relationship between relatively late activity in early visual cortex (Zipser 
et al., 1996; Scholte et al., 2008) and surface segregation. The present results 
are in line with recent findings showing that early visual cortex is involved in 
a broad range of higher-level visual processes, such as perceptual grouping, 
working memory, perceptual completion and early visual cortex has even been 
associated with the emergence of visual awareness (Roelfsema et al., 1998; 
Rao & Ballard, 1999; Supèr et al., 2001; Ro et al., 2003; Lamme, 2003; Roelf-
sema et al., 2004; Boyer et al., 2005; Boehler et al., 2008; Harrison & Tong, 
2009; Brooks & Driver, 2010; Lee & Nguyen, 2001; Wokke et al., 2013).
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Supplementary figure 3.1. The TMS time-windows we used in our main experi-
ment were based on data obtained from a TMS pilot experiment. We tested four 
participants using fourteen different time windows after stimulus presentation 
(56-339 ms with a 20 ms step) in which we applied a double TMS pulse over V1/
V2. We used the same stimuli, coil position and stimulator settings as during the 
main TMS-EEG experiment. We chose an “early” time window (96-119 ms) and a 
“late” time window (236-259 ms) with behavioural effect and one “intermediate” 
time interval (156-179 ms) without a behavioural effect for our main TMS-EEG 
experiment. Data are means ± 1 SEM. 
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Abstract
A striking example of the constructive nature of visual perception is how our 
visual system completes contours of occluded objects. To date, it still remains 
unclear whether perceptual completion emerges during early stages of visual 
processing or if higher-level mechanisms are necessary. To find out at what 
level of the visual hierarchy perceptual completion emerges, we used transcra-
nial magnetic stimulation to disrupt signaling in areas V1/V2 and in the lateral 
occipital area (LO) at different moments in time while participants performed 
a Kanizsa-type illusory figure discrimination task. Results show that both ar-
eas V1/V2 and higher-level visual area LO are critically involved in perceptual 
completion. Interestingly, the involvement of these areas seems to arise in an 
inverse hierarchal fashion, where the critical time window of areas V1/V2 fol-
lows that of LO. These results are in line with the growing amount of evidence 
that feedback to V1/V2 contributes to perceptual completion.
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Introduction
In daily life, the constructive and creative nature of visual perception becomes 
apparent when visual information is only partially available to us due to occlu-
sion. Although objects around us are frequently occluded, we do not experi-
ence the world as a collection of fragmented surfaces or incomplete objects. To 
overcome occlusion, our visual system goes beyond given physical properties 
and seems to effortlessly “fill-in” absent information and complete missing 
contours (Seghier & Vuilleumier, 2006; Montaser-Kouhsari et al., 2007). This 
completion of contours (perceptual completion [Pessoa et al., 1998]) has often 
been studied using Kanizsa-type illusory figures (Kanizsa, 1976 [see figure 
1a]); a type of illusion that induces the percept of a coherent figure when only 
partial contours are present.

A long debated issue has been about how different levels of visual 
processing contribute to perceptual completion (Von der Heydt et al., 1984; 
Moore et al., 1998; Rensink & Enns, 1998; Murray et al., 2002; Lee & Vecera, 
2005; Harris et al., 2011). It has been hypothesized that perceptual comple-
tion arises at an early stage of visual processing in low levels of the visual cor-
tical hierarchy (Davis & Driver, 1998). Neural activity related to illusory figures 
has been found in V2 (Von der Heydt, et al., 1984; Ramsden et al., 2001) or 
even as early as V1 (Lee & Nguyen, 2001; Ramsden et al., 2001; Halgren et 
al., 2003; Maertens & Pollmann, 2005; but see Qiu & Von der Heydt, 2005). 
Alternatively, the process of perceptual completion may depend on higher-
level mechanisms as Harris and colleagues (Harris, et al., 2011) demonstrated 
recently. They showed that without awareness of the spatial context (the in-
ducers) of a Kanizsa-type figure the percept of the illusory figure is completely 
abolished, suggesting the necessity of (extensive) integration of contextual 
information during perceptual completion. The notion of the involvement of 
higher-level mechanisms has been further supported by results from imaging 
studies reporting strongest responses to illusory figures in higher visual areas, 
such as the lateral occipital area (LO) that is known to be highly involved in 
object perception (Murray, et al., 2002; Murray et al., 2004; Ritzl et al., 2003; 
Pegna et al., 2002; for review see: Seghier & Vuilleumier, 2006). 

Taking the above-described findings together, there seems to be no 
evidence for the exclusive involvement of low-level or higher-level mecha-
nisms in perceptual completion, instead completion seems to depend on the 
interaction between different levels of visual processing. In this line, an im-
portant role for feedback processing during perceptual completion has been 
suggested recently (Murray, et al., 2002; Halgren, et al., 2003; Harris, et al., 
2011). From such a perspective, perceptual completion may follow an inverse 
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hierarchal path where objects are first detected by high level areas such as LO, 
while early visual cortex (V1/V2) is necessary at a relatively late stage to fill in 
details, complete the figure percept or receive predictive signals from higher 
visual areas (Hochstein & Ahissar, 2002; Lamme, 2003; Rao & Ballard, 1999).

In this experiment we used navigated TMS to test at what stage of 
visual processing perceptual completion takes place and whether feedback to 
early visual cortex causally contributes to perceptual completion. Therefore, 
we briefly disrupted ongoing activity in early visual cortex (V1/V2) and in high-
er-level visual area LO in an early, intermediate and late time window, while 
participants performed an illusory figure discrimination task (figure 4.1c). We 
expected activity in areas V1/V2 to be necessary after the involvement of LO, 
which would support the hypothesis that feedback signaling to early visual 
cortex contributes to perceptual completion. In addition, we manipulated per-
ceptual strength of the illusory figure (Shipley & Kellman, 1992) to investigate 
whether this would alter the disruptive effect of TMS on task performance. 

Materials and Methods
Participants
Nine undergraduate psychology students of the University of Amsterdam (eight 
females; mean age 22.3 years; range between 19-24 years) participated and 
gave their written informed consent prior to the experiment. All nine students 
were financially compensated for participation. All had normal or corrected-to-
normal vision, and were naïve to the purpose of the experiment. Participants 
had no history of neurological diseases or other risk factors and were screened 
prior to the experiment according to international guidelines (Wassermann, 
1998). All procedures were approved by the ethics committee of the Psychol-
ogy department of the University of Amsterdam.

Stimuli 
To create stimuli for our illusory figure discrimination task we simultaneously 
presented a total of eight dark grey “Pacman” inducers (30.7 cd/m²) against 
a light grey background (48.4 cd/m²). Four inducers were positioned at the 
lower-left and four inducers were placed at the lower-right of a centrally po-
sitioned fixation dot (figure 4.1c). The configuration of the inducers was con-
structed in a way that on only one side of the fixation dot (off center: horizon-
tal 7.65°; vertical 5.74°) an illusory contour of a square was formed (3.23°). 
On the opposite side of the illusory square, the inducers were rotated 22.5° 
such that the illusory contours were somewhat curved and no square was vis-
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ible (figure 4.1b). To explore the impact of perceptual strength of the illusory 
square on the disruptive effect of TMS we varied the size of the inducers. 
By altering the size of the inducers we manipulated the support ratio (SR) - 
the ratio between physically presented and induced contour (30%, 20% and 
10%), without changing the distance between the inducers (3.23°). By reduc-
ing the SR we decreased the strength of the illusory figure. 

The Pacman inducers (figure 4.1c) subtended a visual angle of 0.91° 
(30% SR), 0.65° (20% SR) and 0.40° (10% SR). Stimuli were presented on 
a 17 inch DELL TFT monitor with a refresh rate of 60 Hz. Participant were 
placed at a distance of ~90 cm in front of the monitor so that each centimeter 
subtended a visual angle of 0.64°. Stimuli were presented using Presentation 
(Neurobehavioral Systems).

Procedure
Figure 4.1b shows the paradigm we constructed for this experiment. Stimuli 
were presented for ~83 ms (5 frames) followed by an interstimulus interval of 
1500 ms (jittered 1450 ms-1700 ms, steps of 50 ms) containing only the fixa-
tion dot. To disrupt performance during the illusory figure discrimination task 
we applied transcranial magnetic stimulation (TMS) over V1/V2, or bilaterally 
over LO at different moments in time after stimulus presentation (see below 
for TMS details). 

Before each session participants were instructed to respond as accu-
rately as possible to the side they perceived an illusory square by pressing a 
button with their right or left index finger (correct response was always con-
gruent with target side). When participants failed to see an illusory square 
they were instructed to guess on which side the illusory square was presented 
(2-alternative forced-choice task). Participants were not explicitly instructed 
to note the rotation of the inducers and were directed to fixate a dot placed 
centrally on screen throughout the task (see Murray et al., 2006).   

Data were gathered in two to three sessions. The order of TMS target 
location was randomly assigned (four participants started with V1/V2 stimula-
tion). A session started with one practice block to get accustomed to the task 
in combination with TMS at the specific location of that session. Sessions were 
at least 6 days separated from each other. In each session five experimental 
blocks were obtained, each block containing 96 trials. Within each block target 
side, SR and TMS timing were randomized and equally probable.  By using 
an fMRI-guided navigation system (ANT-Visor system) we were able to moni-
tor whether the TMS coil changed position during a block. If displacement of 
the coil exceeded 0.5 cm we discarded data obtained during that block from 
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further analysis. In such a case an additional third session was necessary as 
we did not measured more than five experimental blocks during one session. 
Unfortunately, due to technical difficulties, one experimental block of one par-
ticipant was not recorded properly and was excluded from further analysis.

TMS
To disrupt activity in early visual cortex and LO we used two Magstim Rapid² 
(Magstim Company, UK) stimulators in combination with a 90 mm circular coil 
(V1/V2 stimulation) and two 70 mm figure-of-eight coils (bilateral LO stimu-
lation). Both types of coils have proven to be effective for targeting each 
specific region (Ro et al., 2003; Koivisto et al., 2011). We disrupted process-
ing in early visual cortex by administering a double pulse (45 HZ) over V1/
V2 (figure 4.1d). Double pulse TMS makes use of the accumulative nature of 
the single pulse TMS effect, creating a broader time-window of disruption (de-
pending on the interval between the pulses, here ~23 ms). At the same time, 
double pulse TMS is able to keep the high temporal resolution associated with 
single pulse TMS (see Walsh & Pascual-Leone, 2003) in comparison to other 
TMS protocols (such as rTMS). In the LO condition, a single pulse was applied 
simultaneously and bilaterally over left and right LO (figure 4.1e). We chose 
not to use a double pulse when bilaterally stimulating LO, because that would 
result in the administration of four pulses in a very brief time interval, hence 
becoming more similar to rTMS. Since both single pulse and double pulse TMS 
allow for high temporal resolution we have no reason to believe that the use of 
two different TMS protocols would have confounded our results (the stimula-
tion onset asynchronies (SOAs) we used were sufficiently far apart in time to 
maintain temporal specificity, see also Silvanto et al., 2005). 

When bilaterally stimulating LO, the coils were placed tangentially to 
the head using an fMRI-guided navigation system (ANT-Visor system). Navi-
gation was based on functional LO mapping of each participant (see fMRI 
methods; mean MNI coordinates: right LO= 43, -75, -10; left LO= -42, -77,-
8; note that for navigation we used subject space coordinates). For V1/V2 
stimulation we centrally positioned the base of a 90-mm diameter circular coil 
~1.5 cm above the inion (Ro et al., 2003) with the orientation of the axis of the 
coil parallel to the transverse plane (handle pointing to the right; mean MNI 
coordinates = -2, -96, 4). The mean minimal distance (in a straight line) be-
tween right LO and V1/V2 was 46 mm (left LO-V1/V2= 45 mm). In reality this 
distance was always bigger because the skull is spherical in shape. Although 
early visual cortex is located relatively in the vicinity of LO, TMS has proven to 
have enough spatial specificity to allow for LO and V1/V2 specific TMS effects 
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(Koivisto et al., 2011). In addition, the minimal distance does not violate the 
spatial specificity of TMS (occipital TMS has shown to have a spatial resolution 
of ~10 mm, see Kammer, 1999). During the stimulation participants placed 
their head in a chin rest for optimal stability using holders to fixate the coils 
(Rogue Research).  

Before starting the experiment, the phosphene thresholds of each par-
ticipant was determined by increasing stimulator output while targeting V1/V2 
until 50% of the pulses resulted in the perception of a phosphene (eyes open 
in a dim lit room, fixating on a black screen). When we stimulated V1/V2, we 
optimized location of the coil in such a way that the phosphene covered the 
area where the stimuli were presented. A stimulation intensity of ~85% of 
phosphene threshold was used during the experimental and practice blocks.  

SOAs of 100 ms, 160 and 240 ms (early, intermediate and late) were 
used to determine the temporal sequence of contributions of early visual cor-
tex and LO during our task. TMS SOAs were based on previous literature 
showing neural correlates of perceptual completion in these time windows 
(Murray et al., 2002; Halgren et al, 2003). In each session stimuli were also 
presented without applying TMS, creating a total of four TMS conditions per 
target location.  We did not include a sham or a standard control site condition 
(e.g., vertex stimulation) because we expected the timing of stimulation to be 
specific for each location, thus intrinsically controlling for alternative effects of 
TMS (e.g., the sound or cutaneous stimulation).  

 
LO mapping: fMRI 
To bilaterally target LO with TMS we made use of an fMRI-guided navigation 
system (ANT-Visor system). This system makes use of functional and struc-
tural MRI data of each participant individually to accurately position the centre 
of the coil over the desired cortical region. Therefore we functionally mapped 
area LO using fMRI by presenting faces, houses, objects (bottles, chairs, and 
scissors) and phase scrambled versions of the objects every 2 sec in blocks 
lasting 16 sec. Every block was presented four times. Predictors were made 
by convolving the onset times of the stimuli from the different categories with 
a model of the HRF and fitting these to the data with the GLM. To determine 
the location of LO, houses, faces, and objects were contrasted versus the 
scrambled versions of these objects (Grill-Spector & Malach, 2004). We further 
specified LO by subtracting overlapping regions of areas FFA (faces > houses 
and objects) and PPA (houses > faces and objects). 

BOLD-MRI (GE-EPI, transversal slice orientation, TR = 2000 msec, TE = 
28 msec, FOV = 200 mm, matrix size of 112 * 112, slice thickness = 2.5, slice 
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gap = 0.3, 28 slices, and a sense factor of 2.5) was recorded during presenta-
tion of stimuli (Philips, Achieva 3T). Stimuli were projected on a screen at the 
rear end of the scanner table and viewed via a mirror placed above the sub-
ject’s head. The functional images were motion corrected, slice time aligned, 
temporally smoothed with a Gaussian filter (FWHH of 2.8 sec), and high-pass 
filtered (0.01 Hz) in the temporal domain, without using spatial smoothing. 
The functional images were aligned to the structural image acquired at the end 
of each scanning session (T1 turbo field echo, 182 coronal slices, FA = 8, TE = 
4.6, TR = 9.7, slice thickness = 1.2, FOV = 256 * 256, matrix = 256 * 256).

Figure 4.1.  A) Kanizsa-type inducers create the percept of an illusory square. 
B)  Three different support ratios produced different perceptual strengths 
(strong, medium and weak; see average percentage correct on the right of 
the stimuli. Data are means ± 1 SEM). Inducers on the left generated illuso-
ry squares while inducers on the right did not. C) Participants had to discrimi-
nate between the two figures and were instructed to indicate whether a square 
was visible either on the left or right side of fixation. TMS was applied at dif-
ferent time intervals after stimulus presentation. D-E). TMS was applied over 
V1/V2 (double pulse) and LO (single pulse bilaterally) during separate sessions.
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Behavioral analysis
We expected TMS to have a differential effect at different SOAs depending on 
location of stimulation. Crucially, if feedback signaling is critical for process-
ing of illusory squares, TMS applied over V1/V2 should affect performance at 
a later SOA relative to LO stimulation.  In addition, we explored the effect of 
perceptual strength of the illusory figure on TMS disruption during the illusory 
figure discrimination task. We therefore used three SRs (strong [30% SR], 
medium [20% SR] and weak [10% SR]). To study the effect of TMS stimu-
lation and the illusory square’s SR, two 2 x 4 (TMS location x TMS timing) 
repeated measures ANOVAs were performed for accuracy and reaction time 
(RT). Furthermore, we separated the three SR conditions using three repeated 
measures ANOVAs for accuracy and RTs to find out if perceptual strength influ-
ences TMS disruption of perceptual completion. RTs below 100 ms and greater 
than 1500 ms were excluded from all analyses.

Results
In this study, we probed the role of areas V1/V2 and LO at different moments 
in time during an illusory figure discrimination task to find out at what level of 
the visual system perceptual completion emerges. We therefore applied TMS 
over both locations at 100 ms, 160 ms and 240 ms after stimulus onset, (in-
termixed with trials in which no TMS was applied). Specifically, we expected 
that task performance would be disrupted at different TMS SOAs depending on 
TMS target location. Moreover, if feedback to early visual cortex contributed 
to perceptual completion we expected to find a critical time window of early 
visual cortex following that of LO. Furthermore, illusory figures with three dif-
ferent SRs were used to examine a possible effect of perceptual strength on 
disruption by TMS. 

To test the effect of TMS target location on TMS SOA, two 2 x 4 (TMS 
location x TMS SOA) repeated measures ANOVAs - on accuracy and reaction 
times (RT) - were performed. For accuracy we found a significant interaction 
between TMS SOA and TMS location (F(3,24) = 6.0, p = .003), showing that 
the moment when TMS affected performance depended on TMS location dif-
fered between LO and V1/V2. No main effects of TMS location or TMS SOA 
were found (F(1,8) = 0.05, p = .83 and F(3,24) = 1.19, p = .33, respectively). 
 In this study we used three SRs that generated different percepts of the 
illusory figures (ranging between strong and weak). To find out how perceptual 
strength interacted with disruption by TMS, we now separated the three SR 
conditions using three repeated measures ANOVAs (TMS SOA x TMS location).  
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A significant effect was found for the largest SR (figure 4.2a), where TMS SOA 
interacted with TMS location (F(3,24) = 4.3, p = .015). This interaction effect 
was not found for the medium SR (F(3,24) = 2.7, p = .066) or smallest SR 
(F(3,24) = .1, p = .93), see figure 4.2b. This suggests that the differential ef-
fect of TMS timing depending on TMS target location was only evident for the 
SR that created a strong Kanizsa-type percept. 

For the largest SR, we zoomed in on the interaction between TMS SOA 
and TMS target location using (two-tailed) post-hoc t-tests. As can be seen 
in figure 4.2a, the decrease in performance depended on the timing of TMS, 
but did so differentially per TMS target site. When TMS was applied in an early 
time window (100 ms), performance scores decreased specifically when ap-
plied over LO (in comparison with all other TMS SOAs: all ts(8) > 3.1, all ps < 
.014). In contrast, the intermediate TMS SOA (160-182 ms) affected perfor-
mance scores in the V1/V2 condition (No – Intermediate TMS: t(8) = 2.4, p 
= .042; Early – Intermediate TMS: t(8) = 2.5, p = .038; Late – Intermediate 
TMS: t(8) = 1.53, p = .17). These results show that a time window critical for 
perceptual completion in areas V1/V2 followed the time window in which activ-
ity in higher-level visual area LO was necessary. 

We found a significant interaction effect exclusively in the condition 
where a strong illusory square was presented. This finding suggests that the 
activity we disrupted is strongly related to the percept of the illusory square. 
To further explore the latter statement we examined the relationship between 
correct detection of the illusory square and the disruptive effect of TMS (TMS 
effect). We therefore performed post-hoc correlational analyses for the strong 
and medium SR conditions (although we did not find a significant interaction 
effect in the medium SR condition, we included this condition because per-
formance scores were still well above chance). For the correlational analyses 
we focused on the two critical TMS SOAs responsible for the interaction ef-
fect in the strong SR condition (the early and intermediate TMS SOAs, see 
figure 4.2a). We computed the difference between performance scores on 
these two SOAs (the TMS effect) per TMS target location (LO: intermediate-
early; V1/V2: early-intermediate). Next, the TMS effect was correlated with 
performance on the TMS SOA where no behavioral effect was observed (LO: 
intermediate SOA, V1/V2: early SOA). For the strong SR figures we observed 
non-significant positive correlations for both the LO condition (rho=0.49, p= 
.18) and the V1/V2 condition (rho= .13, p= .73), see figure S4.1a & b. For 
the medium SR condition (figure S4.1c & d) this yielded similar positive but 
non-significant correlations for both the LO (rho=0.30, p= .43) and the V1/V2 
condition (rho=0.28, p= .46). 
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For the RTs, there was a main effect of TMS SOA (F(3,24) = 29.1, p < 
.001), but no significant interaction effect (F(3,24)=.277, p=.841). TMS had 
a general increasing effect on RT, but this increase was the same for all three 

Figure 4.2. A) Average performance per TMS SOA and TMS location for strong 
inducers. Results show a decrease in performance when TMS was applied over 
V1/V2 in an intermediate time window (160-182 ms), while performance de-
teriorated when TMS was applied over LO during an early time window (100 
ms). B) Average performance on medium and weak inducers per TMS loca-
tion. No significant behavioral effects were found. Data are means ± 1 SEM.
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SOAs (NoTMS: 556 ms versus TMS: 620 ms (early), 631 ms (intermediate) 
and 629 ms (late)). It thus seems that the specific decrease in performance 
could not be explained by a speed-accuracy trade-off: RTs increased during 
TMS stimulation, no matter which SOA was used or what location was stimu-
lated. Because there was no significant interaction between TMS SOA and TMS 
location we did not further analyze RTs for the three SR conditions separately.

Discussion
Previous studies have reported differentially about the extent to which lower-
level versus higher-level visual mechanisms contribute to perceptual comple-
tion (Davis & Driver, 1998; Lee & Vecera, 2005; Von der Heydt et al., 1984; 
Lee & Nguyen, 2001; Murray et al., 2002). In human imaging studies, area LO 
has been associated most consistently with processing of perceptual comple-
tion (Murray et al., 2002; Ritzl et al., 2003). In previous work the lateral oc-
cipital area has been strongly associated with higher-level computations such 
as the representation of objects and object fragments (Grill-Spector et al., 
2001; Konen & Kastner, 2008) making this area well fit for integrating local 
elements involved in perceiving illusory figures (Harris et al., 2011). However, 
the involvement of early visual cortex has also been observed (Lee & Nguyen, 
2001; Halgren et al., 2003; Maertens & Pollmann, 2005), suggesting the in-
volvement of different levels in the visual system during perceptual comple-
tion. The present study shows that both early visual cortex and higher visual 
area LO are necessary for perceiving an illusory Kanizsa-type figure. By using 
TMS we were able to establish a causal relation between activity in both early 
visual cortex and area LO and performance on an illusory figure discrimination 
task. 

To find out how higher-level visual areas and early visual cortex are 
involved in perceptual completion we briefly disrupted activity in V1/V2 and in 
area LO in an early, intermediate and late time window. When we compared 
when and where activity was necessary for perceptual completion we found 
that the critical time window of early visual cortex followed the critical time 
window of LO. Disruption of neural signaling in LO at 100 ms after stimulus 
onset resulted in reduced performance scores on an illusory figure discrimina-
tion task, while TMS applied over early visual cortex deteriorated performance 
at a later moment in time (SOA 160-182 ms). These findings seem to argue 
against a mechanism where lower and higher visual mechanisms exclusively 
interact in a hierarchal, feedforward fashion. The involvement of V1/V2 after 
the contribution of LO is hard to explain by strict feedfoward processing in 
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which the contribution of early visual cortex is completed after basic computa-
tions have been fed forward to higher visual areas. In contrast, our findings 
support a neural mechanism that incorporates recurrent interactions. These 
recurrent interactions could for instance bring higher-level information from 
LO back to early visual cortex or carry predictive signals about neural activity 
to early visual regions (Koivisto et al., 2011; Rao & Ballard, 1999).

In the last decade the importance of feedback signals from higher to 
lower visual areas has been increasingly supported by studies using TMS (Ro 
et al., 2003; Juan & Walsh, 2003; Koivisto et al., 2010). Feedback interac-
tions between MT and early visual cortex have been shown to be necessary 
for conscious perception of motion (Pascual-Leone & Walsh, 2001; Silvanto 
et al., 2005). Recently, Koivisto and colleagues (2011) used natural scene 
categorization to show the importance of feedback from the ventral stream 
(LO) to early visual cortex.  They showed that V1/V2 has a long critical period 
that starts before the critical period of LO and ends afterwards. However, TMS 
mainly seemed to disrupt subjective performance and not the accuracy of the 
categorization, suggesting that mainly the (conscious) experience of the natu-
ral scene was impaired (Crouzet & Cauchoix, 2011). Our study has found ad-
ditional evidence on the disruption of subjective experience by the interruption 
of feedback to early visual cortex. In contrast with most TMS studies, where 
visual processing is more easily disrupted when visual stimulation is weak, our 
results show only a behavioral effect of TMS when the percept of the illusory 
square was strong. This latter finding suggests that TMS did not so much dis-
rupt the processing of the physical stimulus characteristics present in the scene 
(the inducers) but rather seemed to interfere with mechanisms responsible for 
creating an (conscious) experience of the illusory figure. This is corroborated 
by correlational analyses, hinting a positive relationship between perception 
of the illusory square and the size of the TMS effect (see figure S4.1).  More-
over, the fact that TMS mainly disrupted performance when the SR was strong 
suggests that the effect was specific to the perception of an illusory figure. If 
participants were performing the task based on the shape of one inducer we 
would have expected to find the greatest TMS effects in the medium and small 
SR conditions, because TMS usually disrupts performance most when stimuli 
become smaller and nearer to threshold (Kammer & Nusseck, 1998). Although 
the present findings suggest an important role for feedback processing, past 
findings show that disrupting feedforward driven transient neural responses 
related to stimulus on and offset are also capable of interfering with the pro-
cessing of target stimuli (Macknick & Livingstone, 1998; Supèr, et al., 2010). 
However, in the current study illusory figures (illusory contours) served as tar-
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get stimuli and thus no actual on and offset responses were generated. In the 
same sense, it is interesting to examine at what level  - input or output - TMS 
modulates activity of a cortical area (Tehovnik, et al, 2006). It could be that 
disruption of TMS mainly interferes with processing of incoming signals, with-
out leading to noisy output. Unfortunately, our methodological set-up does not 
allow us to make clear predictions about such dynamics. 
 In this study we based our SOAs on previous studies showing neural 
correlates of perceptual completion at these moments in time (Murray et al., 
2002; Halgren et al, 2003). By using smaller SOAs we probably could have 
found an earlier effect of TMS applied over early visual cortex related to dis-
ruption of low-level stimulus characteristics. Previous work (Weigelt et al., 
2007) demonstrates that physical features leading up to perceptual comple-
tion can be found in V1, while activity in LO is more related to shape seg-
mentation. These findings seem to support a two-stage model for amodal 
completion (Sekuler & Palmer, 1992).  Here we propose an extension of the 
two-stage model, in which the emergence of shape and surface detection in 
LO might subsequently induce the construction of illusory contours by means 
of feedback signaling to early visual cortex. From such a perspective, it could 
very much be that after physical features (V1) and shapes are detected (LO), 
feedback signaling to early visual cortex is necessary for the completion of the 
percept.
  In sum, our results seem to contribute to the growing amount of 
evidence that perceptual completion, the construction of a percept shaped by 
experience and predictions, and possibly visual awareness are mediated by 
recurrent interactions between higher (visual) areas and early visual cortex 
(Murray et al., 2002; Koivisto et al., 2011; Pascual-Leone & Walsh, 2001; Hal-
gren et al., 2003; Super & Romeo, 2011). 
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Figure S4.1. Correlations between the TMS effect and behavioral performance 
on the critical time windows (SOA 100 ms and 160 ms). Analyses of the relation 
between task performance and the TMS effect show non-significant positive cor-
relations for strong SR figures in both the LO (A) and V1/V2 (B) condition. Similar 
correlations were observed for medium SR figures in the LO (C) and V1/V2 (D) 
condition. 
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Abstract
The visual system has been commonly subdivided into two segregated visual 
processing streams: The dorsal pathway processes mainly spatial information, 
whereas the ventral pathway specializes in object perception. Recent findings, 
however, indicate that different forms of interaction (cross-talk) exist between 
the dorsal and the ventral stream. Here, we used transcranial magnetic stimu-
lation (TMS) and concurrent electroencephalographic (EEG) recordings to ex-
plore these interactions between the dorsal and ventral stream during visual 
perception. In two separate experiments we used rTMS and single pulse TMS 
to disrupt processing in the dorsal (V5/HMT+) and the ventral (Lateral Occipital 
area) stream during a motion-defined figure discrimination task. Interestingly, 
we presented stimuli that made it possible to differentiate between relatively 
low-level (figure boundary detection) from higher-level (surface segregation) 
processing steps during visual perception. Results show that disruption of V5/
HMT+ impaired performance related to surface segregation; this effect was 
mainly found when V5/HMT+ was perturbed in an early time window (100 ms) 
after stimulus presentation. Surprisingly, disruption of the Lateral Occipital 
area resulted in increased performance scores and enhanced neural correlates 
of surface segregation. This facilitatory effect was also mainly found in an 
early time window (100 ms) after stimulus presentation. These results suggest 
a “push-pull” interaction in which dorsal and ventral extrastriate areas are be-
ing recruited or inhibited depending on stimulus category and task demands.
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Introduction
The visual system has been divided into a manifold of separate cortical regions 
(see Felleman and Van Essen, 1991). In the progress of understanding this 
vast collection of distinct specialized cortical areas, the visual system has been 
broadly divided into two functionally and anatomically separate processing 
streams. The dorsal stream mainly processes visuospatial information, such 
as motion, distance and location (the “where” or “vision for action” pathway), 
while the ventrally spreading “what” or “vision for perception” pathway spe-
cializes in object recognition (Mishkin et al., 1983; Milner and Goodale, 1992). 
Recently, however, it has been debated to what extent the dorsal and ventral 
streams are functionally segregated (Doniger et al., 2002; Cardoso-Leite and 
Gorea, 2010; Schenk and MacTosh, 2010; De Haan and Cowey, 2011; Schenk, 
2012). 
 In the past decade a growing amount of studies show that traditional 
“what” and “where” information is able to modulate activity in both ventral 
and dorsal cortical areas (Braddick et al., 2000; Doniger et al., 2002; Konen 
and Kastner, 2008; Hesselman and Malach, 2011). In addition, competitive 
mechanisms between dorsal and ventral systems have been revealed by vary-
ing task demands (Jokisch and Jensen, 2007; Majerus et al., 2012) or by 
applying transcranial magnetic stimulation (TMS) over motion sensitive area 
V5/HMT+ (Walsh et al., 1998). In a series of experiments Ellision and Cow-
ey demonstrated co-operation and differentiation of the dorsal and ventral 
streams by disrupting activity in dorsal (PPC) and ventral (LO) regions during 
a visuospatial discrimination task (Ellison & Cowey, 2006; Ellison & Cowey, 
2007; Ellison & Cowey, 2009). These findings reveal collaborative or competi-
tive interactions between dorsal and ventral extrastriate regions, suggesting a 
less absolute segregation between dorsal and ventral pathways.
  Here we used repetitive transcranial magnetic stimulation (rTMS) to 
explore how dorsal and ventral cortical areas contribute to scene segmenta-
tion. To investigate possible interactions (mutual inhibition or collaboration) 
between dorsal and ventral regions we manipulated neural activity in either 
V5/HMT+ or object-selective region LO (lateral occipital area) while concur-
rently recording electroencephalographic signals (EEG) during a motion-de-
fined figure discrimination task. The design of our stimuli and task set-up 
allowed us to disentangle relatively low-level (figure boundary detection) from 
higher-level (surface segregation) processing steps during visual perception 
(Scholte, 2003; Vandenbroucke et al., 2007; Heinen et al., 2005; Wokke et al., 
2012). 

In a second experiment we focused on the temporal dynamics using 
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single pulse bilateral TMS using a similar task set-up. This time, we briefly 
disrupted area V5/HMT+ and LO at several time-points after stimulus pre-
sentation. Combined results of both experiments show that disruption of V5/
HMT+ deteriorated performance associated with higher-level stages of mo-
tion-defined figure-ground segregation. Reduced performance scores were 
mainly found when V5/HMT+ was disrupted in an early (100 ms) time window 
after stimulus presentation. Surprisingly, disruption of LO resulted in improved 
performance scores and enhanced neural correlates of motion-defined figure-
ground segregation. This facilitatory effect was again mostly found in an early 
time window (100 ms). These results suggest a “push-pull” mechanism in 
which dorsal and ventral extrastriate areas are being recruited or inhibited 
depending on the type of stimulus and current task demands.

Experiment 1: Probing the role of LO and V5/HMT+ during motion-
defined figure-ground segregation with rTMS

Materials and Methods
Participants
Seven undergraduate psychology students of the University of Amsterdam 
(7 females, aged between 19-24) participated in this study for financial com-
pensations. All subjects had normal or corrected-to-normal vision, and were 
naïve to the purpose of the experiments. Subjects were screened prior to the 
experiments according to international guidelines (Wassermann, 1998; Rossi, 
Hallett, Rossini, & Pascual-Leone, 2009) and prior to the experiments subjects 
gave their written informed consent. The ethics committee of the Psychology 
department of the University of Amsterdam approved all procedures. All par-
ticipants were well trained in the experimental task and accustomed to TMS 
stimulation and EEG recordings. All participants already took part in a previous 
study (~2400 trials) performing the same task in combination with stimulation 
of the early visual cortex and EEG recordings. 

Task design
We presented stimuli full screen (1024*768 pixels) on a 17-inch DELL TFT 
monitor with a refresh rate of 60 Hz. In the first experiment the monitor 
was placed at a distance of ~90 cm in front of the participant so that each 
centimeter subtended a visual angle of 0.64°. We instructed the participants 
to discriminate between a stack, frame, and homogenous stimulus (see fig-
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ure 5.1b and below. See also chapter 3 of this thesis for similar task design 
and EEG procedure). These three stimuli have been associated with different 
steps during figure-ground segregation (Heinen et al., 2005; Vandenbroucke 
et al., 2007; Scholte et al., 2008; Wokke et al., 2012), which allowed us to 
study the effect of TMS during these different steps. We used stimuli in which 
figure-ground segregation was achieved by relative motion of random dots. 
We created our stimuli by placing randomly distributed black and white dots 
(one pixel in size) across the screen. Each pixel had an equal probability of 
being black or white. A stimulus consisted of three regions: The background 
(17.99°; 24.8 cd/m²), the figure frame (3.23°; 24.8 cd/m²), and the inner 
figure (2.42°; 24.8 cd/m²). Stimulus presentation consisted of two screen 
refreshes (33,3 ms) in which the random dots were displaced one pixel per 
screen refresh in one out of four directions (45°, 135°, 225° or 315°). During 
the first screen refresh the random dots were displaced one pixel in one of the 
four directions, during the second screen refresh the dots were moved one 
pixel further in that same direction. Before and after stimulus presentation the 
screen was filled with stationary random dots (figure 5.1), stimulus presenta-
tion consisted merely of moving these dots 

A homogenous stimulus was created by displacing the dots of all three 
stimulus-regions coherently in one direction. We created the frame stimulus 
by displacing the dots of the frame region in a different direction than those of 
the background and inner figure (which were displaced in the same direction), 
so that a frame appeared to be floating over and moving in another direction 
than that of the background. The stack stimulus appeared when the dots of 
the inner figure region were displaced in one direction, the dots of the frame 
region in another direction and background dots in yet another direction, so 
that a “stack” of figures appeared to be moving against the background. 

In all three stimuli the pixels within each region did not cross their fixed 
border (figure 5.1b). As a consequence, all stimuli produced the same amount 
of flicker due to (dis)appearing dots. Moreover, on average, all three stimuli 
contained the exact same strength and directions of motion of dots, so that 
motion energy was fully balanced between stimuli. Finally, stack and frame 
stimuli were perfectly balanced with respect to local motion contrast: both 
stimuli contained an equal amount of borders where motion was in orthogo-
nal directions. The only difference between stack and frame stimuli is in the 
amount of figure surface that can be perceived: in the frame stimulus only the 
frame region segregates from background, in the stack stimulus both frame 
and inner figure region segregate.
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Each trial started with a blank screen (1500 ms; 24.8 cd/m²) followed 
by a display filled with an equal amount of randomly distributed black and 
white dots with a red fixation dot placed in the center of the screen (0.15°; 
2500 ms, see figure 1a), after which the fixation dot turned green (0.15°; 250 
ms). The stimulus was presented in the lower left corner of the fixation dot (off 
center: horizontal 7.7°; vertical 10.64°) for two screen refreshes (33.3 ms). Af-
ter stimulus presentation all dots remained in position and on screen. The trial 
ended when a response was given. Participants were instructed to discriminate 
between the three stimuli and press a left button on a button box placed at the 
left hand side (left index finger) when they thought that a homogenous stimu-
lus was presented, press the left button on a button box placed on the right 
hand side (right index finger) when they thought a frame was presented and 
the right button on a button box placed on the right hand side (right middle 
finger) when a stack was presented. Participants were instructed to keep their 
eyes fixated on the fixation dot while directing their attention towards the lo-
cation where the stimuli were presented. Within each block, stimulus type was 
randomized and equally probable. Stimuli were presented using Presentation 
(Neurobehavioral Systems).

Procedure
Due to rTMS stimulation limitations set by the local ethical committee and our 
limits set for maximum TMS coil displacement (see rTMS protocol below), data 
were gathered in an average of 18 rTMS-EEG sessions per participant (approx-
imately 90 minutes per session) in which four experimental blocks per session 
were recorded, each containing 96 trials (resulting in ~200 trials per condition 
per participant). After recording two blocks we cooled the coil for 15 minutes. 

In the first ~10 blocks of our experiment we intermixed motion-defined 
stimuli with a texture-defined version of the same stimuli (for a detailed de-
scription of the texture-defined stack, frame and homogenous stimuli see: 
Scholte et al., 2008). However, after several blocks it became apparent that 
the texture-defined stimuli were not well suited for our experimental set-up 
(e.g., all participants had near perfect scores (Mean= 98.3% correct, SD= 
1.6) for stack stimuli, making it hard to find a behavioral TMS effect (Kammer 
and Nusseck, 1998). We continued the experiment excluding texture-defined 
stimuli and discarded all trials in which texture defined stimuli were presented.
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rTMS protocol
In order to disrupt processing in LO or V5/HMT+ (figure 5.1c) we applied five 
pulses at 10 HZ over either right V5/HMT+ or right LO, 500 ms prior to stimu-
lus presentation (figure 1a). We used a Magstim Rapid² (Magstim Company, 
UK) stimulator and a 70 mm figure-of-eight coil. To determine the appropriate 
stimulation strength we defined the phosphene threshold for each participant 

2500 ms

250 ms

16,7 ms

16,7 ms

until response

stack frame homogenous

motion

schematic

A) Paradigm

B) Stimuli

C) rTMS target site

-500 -400 -200 -100-300

    rTMS pulses prior to 
stimulus presentation in ms

Right Lateral Occipital areaRight Medial Temporal area

Figure 5.1. A) Task design. Participants had to discriminate between a ‘stack’, 
‘frame’ or ‘homogenous’ stimulus. The stimulus was presented at the lower left 
side of the fixation dot (and positioned centrally in experiment 2). Prior to stimu-
lus presentation we disrupted either LO or HMT+ with 10 HZ rTMS for 500 ms 
(intermixed with trials without rTMS) while recording EEG signals. B) We created 
stimuli by displacing randomly distributed black and white dots in one out of four 
directions. The three stimuli differed in the amount of figure regions segregated 
from the background. C) TMS target locations. 
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before starting the experiment. To define the phosphene thresholds we in-
creased the stimulator output while targeting areas V1/V2 until 50% of the 
(single) pulses resulted in the perception of a phosphene (eyes open in a dim 
lit room, fixating on a black screen). During the experiment we used ~80% 
of the phosphene threshold (mean = ~56% of stimulator output) to stimulate 
areas right LO and right V5/ HMT+. 

To target right LO and right V5/HMT+ the coil was placed tangentially 
to the head using an fMRI-guided navigation system (ANT-Visor system). This 
navigation system makes use of functional and structural MRI data of each 
participant individually (for LO and V5/HMT+ mapping specifications see be-
low) enabling accurate positioning of the center of the coil over either right 
LO or right V5/MT. During stimulation participants were seated in a chin rest 
for optimal stability while using a holder to fixate the coil (Rogue Research). 
We tracked the coil during each block, allowing a maximum coil displacement 
of 0.4 cm. If this limit was exceeded all data from that block were discarded. 

We added a control session in which we stimulated vertex to rule out 
any non-specific behavioral effects of rTMS (i.e., due to noisy clicks or cutane-
ous stimulation). We used the same stimulator settings as during LO and V5/
HMT+ stimulation and recorded 64 trials per condition (in four blocks). To keep 
the circumstances as similar as possible to the sessions in which we stimulated 
LO and V5/HMT+, an EEG cap was placed on the heads of the participants 
during vertex stimulation (although no actual EEG signals were recorded). Un-
fortunately, we were only able to obtain data from 6 out of our 7 participants 
during vertex stimulation, due to emigration of one of the participants.

In each block we pseudo-randomly intermixed rTMS trials with trials 
without stimulation, creating two rTMS conditions per target location (rTMS/
no rTMS). Each block contained 50% trials in which we applied rTMS and 50% 
trials without rTMS. 

LO and MT mapping: fMRI 
We targeted right V5/HMT+ or right LO using an fMRI-guided navigation sys-
tem (ANT-Visor system). This system makes use of functional and structural 
MRI data of each individual participant to guide the TMS coil to the desired 
cortical region. Therefore, we functionally mapped areas V5/HMT+ and LO us-
ing fMRI. To functionally map LO we presented faces, houses, objects (bottles, 
chairs, and scissors) and phase scrambled versions of the objects every 2 
sec in blocks lasting 16 sec. Every block was presented four times. We made 
predictors by convolving the onset times of the stimuli from the different ca-
tegories with a model of the HRF and fitting these to the data with the GLM. To 
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determine the location of LO, we contrasted houses, faces, and objects versus 
the scrambled versions of these objects (Grill-Spector and Malach, 2004). We 
further specified LO by subtracting overlapping regions of areas FFA (faces > 
houses and objects) and PPA (houses > faces and objects).
 Area V5/HMT+ was mapped by comparing activity evoked by blocks of 
coherently moving dots with presentations of randomly appearing stationary 
dots. Each block lasted for a period of 16 sec (320 sec in total). During a 16-
sec block of coherent movement, dots alternated motion direction (inward and 
outward) every 2 sec. Data were analyzed by means of a general linear model 
(GLM). We generated predictors by convolving the onset times of the moving 
stimuli and nonmoving stimuli with a model of the HRF. We fitted these predic-
tors to the MRI data, and generated a contrast between these two predictors 
(Dumoulin et al., 2000). 

BOLD-MRI (GE-EPI, transversal slice orientation, TR = 2000 ms, TE = 
28 ms, FOV = 200 mm, matrix size of 112 * 112, slice thickness = 2.5, slice 
gap = 0.3, 28 slices, and a sense factor of 2.5) was recorded during presenta-
tion of stimuli (Philips, Achieva 3T). Stimuli were projected on a screen at the 
rear end of the scanner table and viewed via a mirror placed above the sub-
ject’s head. The functional images were motion corrected, slice time aligned, 
temporally smoothed with a Gaussian filter (FWHH of 2.8 sec), and high-pass 
filtered (0.01 Hz) in the temporal domain, without using spatial smoothing. 
The functional images were aligned to the structural image acquired at the end 
of each scanning session (T1 turbo field echo, 182 coronal slices, FA = 8, TE = 
4.6, TR = 9.7, slice thickness = 1.2, FOV = 256 * 256, matrix = 256 * 256). 

Behavioral Analysis
On behavioral data we performed repeated measures ANOVAs on mean per-
centage correct, with factors rTMS condition (LO, V5/HMT+ or no stimula-
tion) and stimulus type (stack, frame and homogeneous). Repeated measures 
ANOVAs were also performed on mean reaction times with factors rTMS condi-
tion and stimulus type. Reaction times of less than 100 and greater than 1500 
ms were excluded from all analyses. 

EEG measurements and analyses
EEG was recorded and sampled at 1048 Hz using an ANT 64-channel system 
(ANT - ASA-Lab system of ASA). Sixty-four scalp electrodes were measured, 
as well as four electrodes for horizontal and vertical eye-movements (each 
referenced to their counterpart). In Matlab (Mathworks) we set EEG sample 
values to zero in an interval disrupted by the TMS pulses (-500 ms to -50 
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ms in relation to stimulus onset). Next we interpolated (using a spline in-
terpolation) the EEG samples set to zero, so we were able to filter the data 
(Sadeh et al., 2011). We filtered the data using a high pass filter of 0.5 Hz, a 
low-pass filter of 30 Hz and a notch filter of 50 Hz, down-sampled to 256 Hz, 
and re-referenced to Cz. Non-rTMS related artefacts such as eye movements 
were corrected for on the basis of Independent Component Analysis (Vigário, 
1997). All EEG data were visually inspected for artifacts (trials containing ar-
tifacts were removed from further analyses). Epochs between -50 to + 750 
ms around stimulus presentation were selected. To increase spatial specificity 
and to filter out deep sources we converted the data to spline Laplacian signals 
(Perrin, Pernier, Bertrand, & Echallier, 1989). We baseline corrected the data 
by subtracting the average sample value between -50 ms to 0 ms relative to 
onset of the stimulus from the data. Finally all trials were averaged per condi-
tion. Because we recorded no-rTMS trials in both the LO and V5/HMT+ condi-
tion this resulted in twice as many trials in the no-rTMS condition compared to 
the LO and V5/HMT+ condition. Therefore we divided the no-rTMS data in odd 
and even trials. Next we collapsed the odd trials in which no rTMS was applied 
across the LO and V5/HMT+ conditions. For further analyses we only used 
these odd trials in which no rTMS was administered, thereby balancing the 
amount of trials across all conditions. All preprocessing steps were done us-
ing Brian Vision Analyzer (BrainProducts), Matlab (Mathworks) and ASA (ANT 
- ASA-Lab).

We created an a priori pooling of electrodes to increase the signal-to-
noise ratio and decrease the amount of comparisons. We based our pooling 
(O2, POz, PO4, PO6, and PO8) on previous literature showing neural correlates 
of figure-ground segregation in these channels (Pitts et al., 2011; Scholte et 
al., 2008) and where we expected rTMS would have an effect (therefore focus-
ing on right peri-occipital channels).

To cancel out effects in our EEG data generated by the TMS pulses 
(i.e. not the TMS artefacts but the evoked neural activity from these pulses) 
we made use of a subtraction technique (Thut, Ives, Kampmann, Pastor, & 
Pascual-Leone, 2005; Sadeh et al., 2011), that also controls for the neural 
effect of local dot displacement:  we subtracted ERPs on trials containing a 
homogenous stimulus from ERPs on trials containing a figure stimulus (stacks 
and frames collapsed, see figure 5.3) for each rTMS condition separately (Tay-
lor, Nobre, & Rushworth, 2007; Scholte, et al., 2008). The resulting difference 
waves (figure-homogenous difference) now reflect activity related to process-
ing of the figure without activity related to local dot displacement and the TMS 
evoked potential. Next we wanted to study the neural correlate of surface seg-
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regation and to cancel out the neural effect of local dot displacement, the TMS 
evoked potential, and signals related to figure border processing. We therefore 
subtracted ERPs on trials containing frame stimuli from ERPs on stack trials 
(figure 5.4) for each rTMS condition separately. The resulting difference waves 
(stack-frame difference) now reflect surface segregation and no longer contain 
activity related to local dot displacement, the TMS evoked potential, and figure 
border detection (Scholte et al., 2008; Wokke et al., 2012). 

We performed random-effects analyses by applying sample-by-sample 
paired t-tests (two-tailed) to test which samples of the subtractions differed 
significantly from zero. To reduce the amount of comparisons we selected time 
windows that were identified in previous literature (Bach & Meigen, 1997; 
Caputo & Casco, 1999; Scholte et al., 2008; Pitts et al., 2011; Wokke et al., 
2012) as relevant for figure border detection and surface segregation. We 
choose a time window between 80-230 ms after stimulus onset to statistically 
test relatively early differences related to figure border detection (in figure-ho-
mogenous subtractions, see above). To study the neural correlates of surface 
segregation we choose a time window between 150-300 ms after stimulus 
onset to statistically test differences between ERPs on trials containing stack 
and trials containing frame stimuli. 

Results
Behavioral results
To explore how dorsal and ventral cortical regions contribute to figure-ground 
segregation during a motion-defined figure discrimination task we applied a 
train of five TMS pulses (pre-stimulus at 10 HZ) over either right V5/HMT+ 
or right LO while concurrently recording EEG signals. To study the behavioral 
effect of stimulation a 3 (rTMS condition: LO, V5/HMT+ and no rTMS) x 3 
(stimulus type: stack, frame and homogenous) repeated measures ANOVA 
on accuracy was performed. We observed a main effect of rTMS condition 
(F(2,12)=5.27, p=0.023) and, more interestingly, an interaction effect be-
tween rTMS condition and stimulus type (F(4,24)=3.82, p=0.015). To further 
study these effects we performed a 3 (rTMS and no rTMS) x 3 (stimulus type: 
stack, frame and homogenous) repeated measures ANOVAs on accuracy for 
each target location (LO and V5/HMT+) separately.
 In the V5/HMT+ condition we found no main effects of stimulus type 
(F(2,12)=1.67, p=0.23) or rTMS (F(1,6)=2.02, p=0.205) on performance 
scores. This means that in the MT condition performance scores did not differ 
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between the three stimuli, and that rTMS had no stimulus unspecific effect 
on performance scores. However, we did find a significant interaction effect 
(F(2,12)=12.29, p=0.001) between stimulus type and rTMS. Depending on 
stimulus type, disruption of V5/HMT+ influenced performance scores. Post-
hoc t-tests demonstrate (figure 5.2a) that rTMS applied over V5/HMT+ sig-
nificantly impaired performance, but did so exclusively for stack stimuli (LSD-
corrected, p=0.012). 

In the LO condition we observed a main effect of rTMS (F(1,6)= 26.71, 
p= 0.002) on performance scores (no main effect of stimulus type: F(2,12)= 
1.687, p= 0.226). We found a marginally significant interaction effect between 
stimulus type and rTMS (F(2,12)=3.65, p=0.058). In contrast with the V5/
HMT+ condition, accuracy increased after stimulation of LO (figure 5.1b) for 
both stack (LSD-corrected, p=0.023) and frame (LSD-corrected, p=0.034) 
stimuli. 

Results show that rTMS was able to influence performance scores when 
targeting right LO or right V5/MT. Surprisingly, stimulating LO or V5/HMT+ had 
opposing effects on task performance. Stimulation of V5/HMT+ resulted in de-
creased stack detection, without affecting overall performance (no significant 
main effect of rTMS), suggesting a bias shift (figure 5.2a shows a decrease in 
stack detection and a small non-significant increase in frame detection after 
disruption of V5/HMT+). In contrast, performance increased when targeting 
LO, and did so specifically for stack and frame stimuli (figure 5.2b). 

Reaction time analysis showed no interaction between stimulus type 
and rTMS when stimulating right V5/HMT+ (F(2, 12) = 0.51, p= 0.613). How-
ever, we did find main effects of stimulus type (F(2, 12) = 4.92, p= 0.028) 
and rTMS (F(1, 6) = 28.68, p= 0.002). Post-hoc t-tests showed that rTMS 
applied over right V5/HMT+ slowed participants down unrelated to stimulus 
type, (LSD corrected, p<0.001). In the right LO condition we also found main 
effects of stimulus type (F(2, 12) = 9.86, p= 0.003) and rTMS (F(1, 6) = 
12.85, p= 0.012). Again post-hoc t-tests showed that participants responded 
more slowly after stimulation of right LO (LSD corrected, p=0.012). In both 
the V5/HMT+ and LO condition participants responded more slowly to frame 
stimuli than to stack or homogenous stimuli (LSD-corrected, all ps<0.036).
 Reaction times results show that rTMS influenced reaction times simi-
larly for both target locations. Participants became slower when rTMS was ap-
plied over V5/HMT+ or LO.
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Vertex stimulation
To rule out that our behavioral effects were caused by unspecific rTMS ef-
fects (e.g., cutaneous stimulation or noisy clicks) we added an extra control 
session, in which rTMS was applied over vertex. Results show that vertex 
stimulation did not influence performance scores. We did not find a main ef-
fect of rTMS (F(1, 5) = .095, p = 0.77) or stimulus type (F(2, 10) = 2.91, p = 
0.101) or an interaction effect between stimulus type and rTMS (F (2, 10) = 
0.93, p = 0.43). In contrast, analysis of reaction times during vertex stimula-
tion did reveal a significant main effect of rTMS (F (1, 5) = 22.1, p = 0.005). 
Participants became slower when stimulated over vertex than without rTMS 
(LSD-corrected, p=0.005), yet unrelated to stimulus type (interaction effect 
between stimulus type and rTMS: F (2, 10) = 0.43, p = 0.66).

These findings show that the effects of rTMS on performance scores are 
most likely due to disruption of neural activity specific for LO and V5/HMT+. In 
contrast, reaction times were influenced by rTMS unrelated to target location 
(vertex, right LO or right V5/HMT+). Reaction time effects we found in this 
study are therefore most likely related to unspecific (non-neural) rTMS effects. 
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Figure 5.2. A) Detection scores per stimulus type show that rTMS over right 
HMT+ impaired performance exclusively for stack stimuli. B) rTMS over right LO 
increased accuracy for both stack and frame stimuli. Data are means ± 1 SEM.



Dorsal/Ventral Stream Dynamics

111

Effect of rTMS on neural correlates of figure-ground segregation
To determine the effect of disruption of LO and V5/HMT+ on neural correlates 
of figure-ground segregation we compared ERPs on figure trials with ERPs 
on homogenous trials for each rTMS condition separately (no rTMS, right LO 
and right V5/HMT+). Figure 5.3a shows ERPs on figure and homogenous tri-
als in the no rTMS condition starting to deflect from each other around ~150 
ms (significant interval: 184-203 ms; t> 2.45, p< 0.05). Stimulation of right 
MT did not alter this figure-homogenous difference (significant interval: 184-
207 ms; t> 2.45, p< 0.05, see figure 5.3b). However, targeting right LO with 
rTMS seemed to enhance the difference between figure and homogenous sig-
nals (significant intervals: 98-141 and 184-215; t> 2.45, p< 0.05, see figure 
5.3c). Direct comparison of the figure-homogenous difference (figure 5.5a), 
revealed that this difference is greater in the LO condition than in the V5/
HMT+ condition (t(6)=2.52, p=0.023, one-tailed).
 To disentangle low-level (figure boundary detection) from higher-level 
(surface segregation) processes during figure-ground segregation we sub-
tracted ERPs on frame trials from ERPs on stack trials for each rTMS condition 
separately. These subtractions reflect the process of surface segregation, while 
signals related to contour detection or local dot displacement are canceled out 
(see methods). Figure 5.4a shows a significant deflection between responses 
evoked by stack and frame stimuli appearing around ~190 ms (significant in-
terval: 184-203 ms; t> 2.45, p < 0.05) in the No rTMS condition. This signifi-
cant stack-frame difference was abolished in the condition where we applied 
rTMS over right V5/HMT+ (figure 5.4b), but still present in the LO condition 
(significant interval: 215-230 ms; t> 2.45, p < 0.05, figure 5.4c). A direct 
comparison (figure 5.5b) shows that rTMS over LO increases stack-frame dif-
ferences in comparison with the no rTMS condition (t(6)=2.57, p=0.022) and 
the V5/HMT+ condition (t(6)=2.09, p=0.041).
 Disruption of activity in V5/HMT+ or LO seemed to specifically affect 
neural correlates of surface segregation (see figures 5.3, 5.4 & 5.5). Further-
more, in line with above-described behavioral results, disruption of activity in 
V5/HMT+ or LO had opposing effects on neural correlates of surface segrega-
tion. Figure 5.4 suggests a decrease in signaling related to surface segregation 
after disruption of right V5/HMT+. However, no significant difference between 
the no rTMS and the V5/HMT+ condition could be observed (figure 5.5b). In 
contrast, figure 5.5b shows that stimulation of right LO resulted in enhanced 
signaling related to surface segregation. 



Chapter 5

112

Experiment 2: Temporal dynamics of LO and V5/HMT+ contribution 
during figure-ground segregation

The above-described results demonstrate that disruption of dorsal area V5/
HMT+ and ventral area LO influence motion-defined figure-ground segrega-
tion differentially. When we targeted V5/HMT+ we observed reduced perfor-
mance scores selectively for stack stimuli, possibly due to a bias shift (see 
figure 5.2a). Surprisingly, stimulation of right LO resulted in increased per-
formance scores (stack and frame stimuli) and enhanced signaling related to 
surface segregation. 

To further study the effects found with rTMS we conducted a second 
experiment. With a similar task set-up we now used bilateral single pulse 
TMS to disrupt processing in LO and V5/HMT+. In this experiment, we briefly 
disrupted both areas at several time-points after stimulus presentation (see 
below). This design allowed us to investigate the temporal dynamics of the
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Figure 5.3. EEG-rTMS results: Early and late stages in figure-ground segrega-
tion. A) Figure stimuli deflected negatively from homogenous stimuli when no 
rTMS was applied (significant interval=184-203 ms, p<0.05). B) rTMS applied 
over right HMT+ did not affect this difference  (significant interval=184-207 ms, 
p<0.05). C) This significant deflection seemed to increase when rTMS was applied 
over right LO (significant interval=98-141 ms and 184-215, p<0.05). ERPs are 
computed for a cluster of right peri-occipital electrodes  (O2, POz, PO4, PO6 and 
PO8).
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Figure 5.4. EEG-rTMS results: Late stage in figure-ground segregation. A) Stack 
stimuli significantly deflected from frame stimuli when no rTMS was applied (sig-
nificant interval=184-203 ms, p<0.05). B) When rTMS was applied over right 
HMT+ this stack-frame difference was abolished. C) Stack stimuli deflected nega-
tively from frame stimuli when rTMS was applied over right LO (significant inter-
val=215-230 ms, p<0.05). ERPs are computed for a cluster of right peri-occipital 
electrodes  (O2, POz, PO4, PO6 and PO8).

Figure 5.5. A) rTMS applied over right LO significantly increased the difference 
in activity evoked by figure and activity evoked by homogenous stimuli in com-
parison with the HMT+ rTMS condition. B) rTMS applied over right LO significantly 
increased the stack-frame difference in comparison with the HMT+ or No-rTMS 
condition. Data are means ± 1 SEM.
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 behavioral effects found with rTMS and study whether behavioral ef-
fect due to disruption of dorsal and ventral areas could be found in similar time 
windows. In addition, using a different TMS protocol allowed us to validate the 
surprising effect of performance enhancement found when disrupting area LO 
with rTMS.

Materials and Methods

Participants
Five undergraduate psychology students of the University of Amsterdam (4 
females, aged between 19-23) participated in this study for financial compen-
sations (three subjects also participated in experiment 1). All subjects had 
normal or corrected-to-normal vision, and were naïve to the purpose of the 
experiments. Subjects were screened prior to the experiments (Wassermann, 
1998; Rossi, et al., 2009). Prior to the experiments subjects gave their written 
informed consent. The ethics committee of the Psychology department of the 
University of Amsterdam approved all procedures. The two “new” participants 
took part in a previous study performing the same task while stimulating the 
early visual cortex and recording EEG signals (~2400 trials), making them well 
trained and accustomed to the experimental design. 

Task design
The task set-up of this experiment was almost identical to that of experiment 
1, therefore only the differences between experiment 1 and 2 are described 
below.

In the first experiment the stimuli were presented on the lower left 
side of the fixation dot. It might be possible that the positioning of the stimuli 
degraded the perception of the stimuli such that the differences between the 
stimuli did no longer accurately reflect differences in figure-ground segre-
gation. Therefore in the second experiment the stimulus was now centrally 
positioned instead of appearing in the lower left side of the fixation dot (in 
this experiment we now bilaterally stimulated LO and V5/HMT+, see below). 
During experiment 2 the monitor was placed at a distance of ~120 cm in front 
of the participant (each centimeter now subtended a visual angle of 0.48°; 
we increased the distance to keep performance below near perfect). Because 
we increased the distance from the participant to the screen the visual angle 
of the background (13.49°), the figure frame (2.42°), and the inner figure 
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(1.81°; 24.8 cd/m²) changed accordingly.

Procedure
In the second experiment each participant performed a total of 12 experimen-
tal blocks (6 blocks per TMS target location) in an average of 4 sessions, each 
containing 96 trials (creating a total of 48 trials per condition). In contrast to 
experiment 1 we did not record EEG signals during experiment 2.   

Single pulse TMS protocol
We bilaterally stimulated areas V5/HMT+ and LO using single pulse TMS. 
Therefore we used an additional Magstim Rapid² stimulator and a second 70 
mm figure-of-eight coil. The coils were positioned using the same navigation 
system as described above (see rTMS protocol). During the recording of each 
block we were only able to track one coil (which was sufficient for this experi-
ment, since head movement always led to displacements of the center of both 
coils relative to the target position). We used the same coil displacement crite-
rion as during experiment 1. About 90% of the phosphene threshold was used 
for stimulator output (mean= ~63% of max. stimulator output). We simulta-
neously stimulated left and right LO or left and right V5/HMT+ in an early (100 
ms), intermediate (160 ms) and a late (240 ms) time window after stimulus 
presentation, intermixed with trials without TMS, thus creating a total of four 
TMS SOAs (stimulation onset asynchronies). The three TMS SOAs were based 
on a previous study using a similar task (Wokke et al., 2012). 

Behavioral Analysis
On the behavioral data from the second experiment we performed repeated 
measures ANOVAs on mean percentage correct, with factors TMS SOA (no, 
early, intermediate and late) and stimulus type for each TMS target location 
separately. Repeated measures ANOVA’s were also performed on mean reac-
tion times with as factors TMS condition and stimulus type. Reaction times of 
less than 100 and greater than 1500 ms were excluded from all analyses. 

Results 
In this experiment we explored the temporal dynamics underlying the behav-
ioral impairments/enhancements induced by rTMS (figure 5.2). We used a 
similar task set-up (see methods experiment 2), while bilaterally stimulating 
areas V5/HMT+ and LO using single pulse TMS. Both areas were disrupted 
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using an early, intermediate and late TMS SOA, intermixed with trials without 
TMS (see methods).
We performed two repeated measures ANOVAs (TMS location x TMS SOA x 
stimulus type) on accuracy and RT. On accuracy we found a significant TMS loca-
tion x TMS SOA x stimulus type interactions effect (F(6,24)=2.66, p=0.04) and 
a significant main effect of stimulus type (F(2,8)=9.011, p=0.009). To further 
study these effects performed repeated measures ANOVAs (TMS SOA x stimu-
lus type) on accuracy for each TMS target location separately. In the V5/HMT+ 
condition we found a significant main effect of stimulus type (F(2,8)=8.32, 
p=0.01) and a marginally significant interaction effect between stimulus type 
and TMS SOA (F(6,24)=2.41, p=0.06). Figure 5.6 shows that disruption of 
V5/HMT+ exclusively impaired performance on stack stimuli, specifically using 
an early SOA (early SOA vs no TMS: LSD-corrected, p=0.04; early vs inter-
mediate SOA: LSD-corrected, p=0.06) and marginally significantly in a late 
time window (late vs intermediate SOA: LSD-corrected, p=0.06). Performance 
scores were lower for stack stimuli (stack vs frame: LSD-corrected, p=0.04; 
stack vs homogenous: LSD-corrected, p= 0.04).

We found a main effect of stimulus type (F(2,8)=8.99, p=0.009) and 
a main effect of TMS SOA (F(3,12)=9.97, p=0.001) when LO was targeted. 
In contrast to V5/HMT+ stimulation, post-hoc tests showed that performance 
was enhanced specifically when using an early (early SOA vs no TMS: LSD-
corrected, p=0.006; early vs late SOA: LSD-corrected, p=0.01) and interme-
diate TMS SOA (intermediate vs late SOA: LSD-corrected, p=0.02), see figure 
5.7. 

Similar to the V5/HMT+ condition, performance scores were lowest for 
stack stimuli (stack vs frame: LSD-corrected, p=0.04; stack vs homogenous: 
LSD-corrected, p= 0.03).

Reaction time analysis showed a significant TMS location x TMS SOA 
interaction (F(3, 12) = 6.03, p= 0.008). Further analysis demonstrated a main 
effect of TMS SOA on RT in both the V5/HMT+ and LO condition (F(3, 12) > 
6.83, p< 0.006). Post-hoc tests demonstrated that participants responded 
more slowly when TMS was applied over V5/HMT+ using an early and interme-
diate SOA compared to no stimulation (early SOA vs no TMS: LSD-corrected, 
p= 0.04; intermediate SOA vs no TMS: LSD-corrected, p= 0.007). In the LO 
condition, however, responses were slowed down when we used a late TMS 
SOA (late vs early SOA: LSD-corrected, p= 0.03; late SOA vs no TMS: LSD-
corrected, p= 0.003). These RT results seem to hint at a speed-accuracy effect 
(although usually speed-accuracy effects consist of speeded responses in 
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combination with decreased performance). When V5/HMT+ was target-
ed reaction times became slower when participants’ performance decreased 
(early TMS time window). When LO was targeted participants became faster 
when performance increased (early TMs time window). These reaction time ef-
fects should however be met with great caution. Previous findings (using sham 
stimulation in an almost identical task set-up) demonstrate that specifically 
reaction times are highly susceptible to unspecific TMS effects (see Wokke et 
al., 2012 for single pulse sham stimulation).

In this second experiment we used single pulse TMS to study the tempo-
ral dynamics of dorsal/ventral contributions during figure-ground segregation. 
Importantly, disruption of neural activity in an early time window (~100 ms) 
mainly affected performance scores. Further, these behavioral effects found in 
an early time window were found to be antagonistic for the V5/HMT+ and the 
LO condition. Performance decreased selectively for stack stimuli when stimu-
lating V5/HMT+ in an early time window, while performance increased mainly 
in an early time window when targeting LO (figures 5.6 & 5.7).  

Discussion
Traditionally, motion and object (shape and surface) information engage 
two functionally and anatomically separate processing streams (Mishkin et 
al., 1983; Milner and Goodale, 1992). Recently, a growing amount of stud-
ies argue against such a strict and absolute distinction (Schenk and MacTosh, 
2010;De Haan and Cowey, 2011). In the present study, we probed the role of 
(early) dorsal and ventral extrastriate regions by disrupting neural signaling in 
object selective area LO and motion sensitive area V5/HMT+ during a motion-
defined figure discrimination task. In two separate experiments we observed 
that stimulating LO or V5/HMT+ had opposing effects on task performance 
and neural correlates of figure-ground segregation. Disruption of V5/HMT+ re-
sulted in decreased performance associated with higher-level processing steps 
during motion defined figure-ground segregation. This effect was mainly found 
when TMS was applied in an early (~100 ms) time window after stimulus 
presentation. In contrast, participants’ performance improved when LO was 
targeted with TMS. This effect manifested itself also mainly when TMS was 
applied in an early time window (~100 ms) after stimulus presentation. These 
findings suggest competitive interactions between dorsal and ventral extrastri-
ate cortical areas.
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Collaborative and competitive interactions between dorsal and ventral areas
Although most agree with the general distinction of dorsal/ventral specializa-
tions, a growing amount of evidence suggests a more flexible segregation 
between both streams than current dominant models propose (Doniger et al., 
2002; Ellison & Cowey, 2009; De Haan and Cowey, 2011; Schenk, 2012). The 
involvement of the ventral stream on typically dorsal tasks has been shown 
repeatedly (McIntosh & Lashley, 2008; Schenk, 2012). In these experiments 
it has been demonstrated that “ventral” perceptual knowledge of an object 
contributes to the fine-tuning of the spatial programming of actions. Further, 
Ellison and Cowey (2009) demonstrated that during a visuospatial distance 
discrimination task dorsal (PPC) and ventral (LO) regions both processed in-
formation according to their own specialization but these regions seemed to 
co-operate in order to perform the task optimally. 

A considerable amount of data in support of the dorsal/ventral segre-
gation derives from patients with neurological disorders (Milner & Goodale, 
2008). However, deeper analyses of typical “dorsal” or “ventral” neurological 
disorders (see Pisella et al., 2006; Schenk, 2012) argue against a strict dichot-
omy between “vision for perception” and “vision for action”. These findings 
advocate a network model (or “patchwork” model, see De Haan and Cowey, 
2011, but see Goodale & Milner, 2010) in which visual areas are being recruit-
ed depending on task demands or stimulus features. Recent findings showing 
competitive interactions between traditional dorsal and ventral systems seem 
to corroborate such a “pragmatic” network oriented model. Jokisch and Jensen 
(2007) demonstrated that altering task demands (spatial vs. identification), 
such that the task engaged either the dorsal or ventral stream, resulted in 
inhibition of the dorsal stream when the task relied on ventral stream process-
ing. In line with these findings, Walsh and colleagues (1998) induced task spe-
cific impairments and enhancements by disrupting activity in motion sensitive 
area V5/MT. In their study a series of six different visual search tasks (e.g., us-
ing motion, color or form) demonstrated that mutual inhibition between dorsal 
and ventral visual regions could be induced. Depending on the visual property 
needed to perform the task, disruption of V5/HMT+ resulted in improved or 
impaired performance.
 In the present study we find additional evidence in support of such dor-
sal/ventral competitive interactions. Apparently, for motion-defined stimuli, 
ventral cortical areas are not contributing but rather hindering their proper 
processing by classically dorsal regions, and once freed from this hinder, these 
stimuli are processed more efficiently. It thus seems that ventral and dorsal 
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systems compete when processing visual input, up to the point where dorsal 
regions can do their job more efficiently with ventral areas temporally lesioned 
than when in action.
 Alternatively, stimulation of V5/HMT+ or LO could have antagonistic 
neural effects. It could be that applying (r)TMS over LO enhances perfor-
mance of this area or triggers a higher state of excitability in the associated 
ventral network, while targeting V5/HMT+ has the opposite effect. However, 
in this study we used two different TMS protocols that have previously shown 
to disrupt both LO (Brighina et al., 2003; Koivisto et al., 2011) and V5/HMT+ 
(Walsh, 2001; Théoret et al., 2002). Therefore it seems unlikely that the pre-
viously demonstrated disruptive effects of both TMS protocols would be re-
versed selectively for LO in the present study. Nonetheless, additional investi-
gation could further elucidate the dynamics underlying the present results by 
zooming in on processing in dorsal/ventral cortical regions while ventral/dorsal 
areas are being disrupted (e.g. using fMRI and TMS).  

Neural correlates of figure-ground segregation
In this study we used stimuli that made it possible to differentiate between 
different levels of figure-ground segregation (Heinen et al., 2005; Vanden-
broucke et al., 2007; Scholte et al., 2008). It has been well established that 
neural correlates of early stages of figure-ground segregation (such as figure 
boundary detection) can be found in early visual cortex (Lamme, 1995). How-
ever, previous studies have shown that figure-ground manipulations are also 
able to influence relatively late perioccipital event related potentials compo-
nents in human EEG recordings (Lamme et al. 1992; Bach and Meigen 1997; 
Caputo and Casco 1999). For instance, by probing different regions of the 
classical face-vase figure (face, vase, or borders in between) or manipulating 
the amount of figure surface, ERP components related to sequential stages 
in figure-ground segregation have been observed (Scholte et al., 2008; Pitts 
et al., 2011). These studies show an early difference in ERPs related to fig-
ure border detection and a later occurring difference likely reflecting border 
ownership coding and surface segregation. In a previous study (Wokke et 
al., 2012) we observed that applying TMS over early visual cortex resulted 
in disruption of both figure border detection and later occurring surface seg-
regation. Present results demonstrate that specifically these later occurring 
processes (surface segregation) were affected when we applied rTMS over 
V5/HMT+ (figure 5.2 & 5.4). These findings suggest that early processes re-
lated to figure border detection are less dependent on areas beyond V1/V2. 
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In contrast, V5/HMT+ causally contributes to later emerging processes related 
to surface segregation, possibly by means of recurrent interactions with early 
visual cortex (Lamme, 1995; Zhou et al., 2000; Pascual-Leone and Walsh, 
2001; Wokke et al., 2012).
In sum, our findings support recently developed theories (Schenk, 2012; De 
Haan and Cowey, 2011), in which the segregation of the two main visual pro-
cessing streams is considered not absolute, but rather flexible. In such a view, 
extrastriate areas are being recruited or inhibited depending on the stimulus 
category and current task demands. 
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“...Eyes evolved and now the cosmos could see...
...Star stuff, the ash of stellar alchemy had emerged into consciousness.”
            Carl Sagan
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Summary and general discussion
The world around us is typically filled with a massive amount of visual informa-
tion. For instance, a beach side provides us with a broad range of visual input 
such as the motion of the seawater, the shapes of people lying together on the 
beach or the color of the pebbles. The processing of these different types of 
information has been linked to distinct and functionally specialized visual areas 
in the brain. Nonetheless, this modular processing style still results in a uni-
fied visual experience of a group of people lying on a shingle beach. Therefore, 
somehow or somewhere these different types of visual information (e.g., mo-
tion, color, shape) must become integrated or  “bound together” in the brain 
(Keizer et al., 2008). 

Experiments presented in this thesis demonstrate that it might be more 
fruitful to examine “how” different levels of the cortical hierarchy interact in 
order to produce a unified conscious experience of visual information, instead 
of finding out “where” such an experience emerges. To illustrate, in chapter 
2 we showed that the initial feedforward sweep of activity is able to travel 
through the cortex reaching the highest levels of the cortical hierarchy (includ-
ing prefrontal areas) without producing conscious vision. This suggests that 
activation of prefrontal regions in itself is not sufficient for the emergence of 
a conscious visual percept. In chapters 3 & 4 we highlighted the importance 
of recurrent interactions in the construction of a visual percept. Our results 
indicate that the feedforward sweep is mainly an unconscious sensory process, 
while subsequent feedback signaling is crucial for producing a conscious visual 
experience. Moreover, in chapter 5 of this thesis we showed that interactions 
between traditionally segregated dorsal and ventral extrastriate regions play 
an important role in shaping vision. These findings demonstrate the necessity 
of information integration across cortical regions in the process of generating 
full-blown visual perception.

Disrupting processing in the visual system 
In chapter 2 we started by investigating the scope of feedforward process-
ing and the impact it has on visual perception (and behavior). We interfered 
with visual processing by masking information such that extensive process-
ing (i.e., feedback processing) of visual information was disrupted (Lamme et 
al., 2002; Fahrenfort et al., 2007). Interestingly, although visual stimuli were 
masked they were still able to reach high-level cortical regions, such as the 
prefrontal cortex. Traditionally the prefrontal cortex, the highest level of the 
cortical hierarchy, has been designated as the seat of conscious experiences 
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(for review see Van Gaal & Lamme, 2011). However, our results (chapter 2) 
and findings of others (Lau & Passingham, 2007; Van Gaal et al., 2008) seem 
to challenge this view. In chapter 2 we demonstrated that unconsciously 
perceived (masked) information could still influence prefrontal neural mecha-
nisms and higher-level cognition. In previous studies, such influences might 
have derived from strong sensory-motor links established through learning, 
making unconscious information processing a rather “dumb” process. By elim-
inating the formation of automatic stimulus-response mappings we were able 
to show that unconsciously presented stimuli can trigger prefrontal cortex-
mediated inhibitory control processes in a flexible and adaptive manner. This 
latter finding demonstrates that the fast feedforward sweep is able to activate 
the highest levels of the cortical hierarchy and influence behavior in a “smart” 
and flexible way. However, although the feedforward sweep is able to trigger 
prefrontal cortical responses, it does not seem to coincide with a conscious ex-
perience of that information (see Figure 6.1). Alongside our findings a growing 
amount of studies suggest that feedforward processing is not sufficient for the 
emergence of visual awareness (Lamme, 2003; Koivisto et al., 2011). These 
studies indicate that more extensive integration of information is necessary, in 
which recurrent interactions play a crucial role.  

Figure 6.1 Visual information reaching the highest levels of the cortical hierarchy 
does not necessarily results in a conscious experience of that information. Wide-
spread interactions between higher and lower-level cortical regions seem to be 
crucial for the emergence of a conscious visual percept (see Lamme, 2003). 
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It has been frequently proposed that successful segregation of a figure 
from its background is one of the first and crucial steps for the emergence of 
a conscious visual percept (Lamme et al., 1998; Fahrenfort et al., 2007). How-
ever, “how” and “where” figure-ground segregation arises is still much debat-
ed. Different phases of figure-ground segregation have been distinguished in 
early visual cortex, involving low-level to more sophisticated and higher-level 
mechanisms of vision. It has been well established that initially activity in early 
visual cortex is related to local feature detection (Livingstone & Hubel, 1988). 
Local feature detection is typically found to rapidly succeed stimulus presenta-
tion and emerge during the fast feedforward sweep of activity. Quickly follow-
ing this initial phase, figure boundaries are being detected. It has been widely 
agreed upon that during this second phase the detection of figure boundaries 
is mediated by feedforward signaling and horizontal connections within early 
visual cortex (Zipser et al., 1996; Lamme et al., 1999; Rossi et al., 2001; 
Marcus & Van Essen, 2002; Friedman et al., 2003). After boundary detection a 
more disputed third functional phase appears to emerge in early visual cortex, 
which seems to be mainly driven by horizontal connections and feedback from 
extrastriate regions (Lamme, 1995; Zipser et al., 1996; Lamme et al., 1998b; 
Lamme et al, 1999; Zhou et al., 2000). During this latter phase neural corre-
lates of more higher-level stages of figure-ground segregation (such as figure 
surface segregation) can be found in V1/V2, reflecting integration of informa-
tion across the visual field (Lamme et al., 1999; Zhou et al., 2000; Scholte et 
al., 2008). In Chapter 3 we causally tested the role of early visual cortex dur-
ing these different stages in figure ground segregation. We therefore recorded 
EEG signals while briefly disrupting activity in early visual cortex with TMS at 
various moments in time after stimulus presentation during a figure discrimi-
nation task. Results demonstrate that early visual cortex causally contributes 
to different (low-level and higher-level) stages of figure-ground segregation. 
More specifically, besides reestablishing the importance of V1/V2 in a rela-
tively early phase (~100-120 ms, see also Amassian et al., 1989; Sack et al., 
2009; Jacobs et al., 2012) of visual perception, we demonstrate that activity 
in early visual cortex in a relatively late time window (~240-260 ms) causally 
contributes to surface segregation. In addition, we observed that disruption 
of activity in early visual cortex in an intermediate time window (~160-180 
ms) did not affect task performance or neural signaling related to surface seg-
regation (see also Silvanto et al., 2005; Heinen et al., 2005; but see Koivisto 
et al., 2011). This latter finding is rather interesting as it indicates that the 
importance of activity in early visual cortex for visual perception varies over 
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time. This could mean that initially activity is being fed forward to higher vi-
sual regions, followed (after some time) by feedback signals arriving from 
higher-tier regions, thus creating a period “in between” feedforward signaling 
and feedback processing. Our results suggest that in this intermediate period 
activity in early visual cortex is less important for successful figure-ground 
segregation. However, this seems to somewhat contradict recently developed 
so-called predictive coding models of vision (Rao and Ballard, 1999; Friston, 
2005). In such schemes incoming bottom-up sensory information is being in-
hibited or “explained away” by top-down predictions send from higher to lower 
areas via feedback connections. The objective according to these models is 
to minimize the discrepancy between prediction and sensory input. When the 
prediction is not completely accurate a prediction error is generated and send 
from lower to higher areas via feedforward connections. These prediction er-
rors adjust predictions at a higher level so that feedback signals carrying the 
predictions back are able to neutralize prediction errors at the lower level (and 
suppress or “explain away” the activity at the lower level). In this way, there 
is a concurrent cycle of feedforward and feedback signaling in which lower and 
higher levels influence each other (Rao & Ballard, 1999). In such a model it 
appears to be crucial that sensory information in early visual cortex remains 
unperturbed until the prediction error is minimized (and sensory information is 
inhibited or explained away). From such a perspective the behavioral effect of 
disruption of activity in V1/V2 might actually become smaller as the prediction 
error decreases (and higher-level sensory predictions become more accurate) 
and more sensory information has been “explained away” (leaving less signal 
to disrupt in early visual cortex). In light of our findings it would be very inter-
esting to explicitly study the predictive coding model using TMS. 

 
The conscious experience of sensory input
In daily life accurate predictions about visual input are very important for visu-
al perception. Typically, in our environment not all objects are nicely segregat-
ed from the background. In the natural world objects are frequently occluding 
each other. However, despite partial sensory input we do not experience the 
world as a collection of fragmented surfaces or incomplete objects. To over-
come occlusion, our visual system goes beyond given physical features and 
“fills-in” absent information. In Chapter 4 we tried to determine how the dis-
crepancy between given physical input and our visual experiences arises. We 
therefore used TMS to study where and how in the brain perceptual comple-
tion emerges. Our findings suggest that feedback signaling from higher visual 
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areas (LO) to early visual cortex causally contributes to perceptual completion. 
When comparing the critical time windows of higher visual area LO and early 
visual cortex during a perceptual completion task we find that early visual 
cortex is necessary after the critical period of LO. Furthermore, our study dem-
onstrates that interruption of feedback from LO to V1/V2 disrupts the percep-
tual experience and not so much the actual physically presented information 
leading up to such an experience. This suggests that recurrent interactions 
between higher and lower levels in the visual system causally contribute to 
the emergence of a conscious perceptual experience. Moreover, because the 
perceived stimuli were not actually physically present (illusory figures) our re-
sults are a striking example of how recurrent interactions are able to integrate 
sensory information with our predictions, past experience or (invariant) rules 
of the world around us, thereby transforming sensory input into a full-blown 
conscious visual percept.
 The above-described findings allowed us to link specific neural mecha-
nisms to different steps during visual perception and ultimately to the emer-
gence of a conscious visual experience. To be more specific: we demonstrated 
that recurrent interactions between lower and higher cortical regions are criti-
cal for generating a conscious visual experience. Interestingly, Lamme and 
colleagues (1998) showed that removal of consciousness by means of an-
esthesia selectively reduced recurrent interactions in primary visual cortex, 
without affecting the feedforward sweep. Massimini and colleagues (2005) 
also demonstrated how reduced levels of awareness affect cortical information 
transmission. By combining TMS and EEG during states of wakefulness and 
sleep it became clear that the spreading of cortical activity evoked by premo-
tor TMS was much more confined within the TMS target area during sleep than 
during wakefulness. In a state of wakefulness activity was rapidly spreading 
to connected cortical regions, while during sleep activity did not propagate be-
yond the stimulated target site. Recently the combination of TMS and EEG has 
been used to evaluate the level of effective connectivity (causal interactions in 
the brain) in non-communicating patients suffering from severe brain injury. 
In this way EEG/TMS can possibly become a valuable tool in neuroscience and 
neurology by providing an objective measure of the level of consciousness in 
such patients (Rosanova et al., 2012). These studies in combination with our 
findings indicate that integration of information by means of (recurrent) in-
teractions between different cortical regions play a crucial role in generating 
(visual) awareness (see also Tononi, 2004). 

In an attempt to broaden our understanding of the cortical interactions 
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leading up to visual awareness we tried to establish where feedback to early 
visual cortex during visual perception comes from. We therefore followed (mo-
tion-defined) figure-ground segregation upstream and disrupted signaling in 
ventral and dorsal cortical regions (‘object’ area LO and motion sensitive area 
V5/HMT+, respectively). Results from two experiments revealed an interest-
ing interaction between these classically dorsal and ventral regions. Surpris-
ingly, where disruption of V5/HMT+ deteriorated processing of motion-defined 
surface segregation disruption of ventral area LO enhanced motion-defined 
figure surface processing. These findings indicate that functional interactions 
between the dorsal and ventral stream are contributing to feedback to early 
visual cortex. Interestingly, Harris and colleagues (2008) recently found a 
similar result. In their study participants had to either perform an object iden-
tification or an object orientation detection task while the right intraparietal 
sulcus/inferior parietal lobe was being disrupted by short trains of 12 HZ rTMS. 
Stimulation of parietal regions impaired orientation judgments while improving 
object identification. It seems that the configuration of dorsal/ventral interac-
tions is depending on whether the type of information processed (i.e., motion, 
texture, color) or current task demands (e.g., spatial orientation detection, 
object identification) engage either the dorsal or ventral stream (Walsh et al., 
1998; Jokisch & Jensen, 2007). Further research (combining TMS and fMRI) is 
necessary to establish more precisely how disruption of for instance ventral re-
gions affects processing in dorsal regions (Wokke et al., in preparation). None-
theless, the above-described findings point towards a model of vision in which 
the dorsal and ventral segregation is less absolute and more “pragmatic” than 
previously assumed (De Haan & Cowey, 2011). 

Concluding remarks
Our results and previous work draw a picture in which (widespread) recurrent 
cortical interactions are crucial for integration of information and the emer-
gence of visual awareness. Of course linking consciousness to specific pro-
cesses in the brain does not tell us anything about the function of conscious-
ness per se. It could very well be that becoming consciously aware of visual 
information has no additional function (Lau & Rosenthal, 2011). For example, 
in chapter 2 of this thesis we demonstrated that unconscious information is 
able to activate the entire cortical hierarchy and influence higher-level cogni-
tive functions in a flexible manner. More findings in support of this point of 
view demonstrate that behavioral performance can remain unchanged under 
different levels of awareness (Rounis et al., 2010). On the other hand, re-
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cent evidence seems to suggest that awareness is important for guiding in-
formation processing. Conscious information processing is thought to be more 
flexible than unconscious information processing, in the sense that incoming 
information can be strategically used conform task demands and prior expec-
tations, reducing the amount of computations necessary for decision making 
(De Lange et al, 2011). In line with such a perspective are theories that state 
that awareness serves a crucial role for cognition by rapidly making infor-
mation available to a broad range of higher-level processes (Dehaene et al., 
2006), thereby making consciously processed information much more robust 
and longer lasting than unconsciously processed information. 

Fortunately, a growing number of (scientific) disciplines are focusing 
on consciousness (e.g., Block, 2005; Kahneman, 2003; Laureys et al., 1999; 
Hobson, 2002; Van Berkum et al., 2008; Noë, 2009; Rosanova et al., 2012). 
The integration of knowledge across different disciplines might proof to be a 
crucial step in understanding how and why consciousness arises and to arrive 
at a more generalizable theory of consciousness. In this way we can try to 
understand neural events related to consciousness in the broader context of 
the interactions with our environment, our past experiences and our evolution.
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Samenvatting
De wereld om ons heen is gevuld met een enorme verscheidenheid aan vi-
suele informatie. Stel je bijvoorbeeld voor dat je op een roaring twenties the-
mafeestje bent beland: wat opvalt, is de beweging van de vele zwarte veren 
gedragen door aanwezige dames, de groene kleur van absint in de glazen, de 
vormen van fonkelende charlestonjurkjes en het contrast van donkere bretels 
op witte overhemden. Het    waarnemen en integreren van al deze verschil-
lende vormen van informatie (bijvoorbeeld beweging, kleur of vorm) wordt 
over het algemeen ervaren als iets wat automatisch verloopt en wat weinig 
moeite kost: wanneer we onze ogen openen, ervaren we een compleet geïn-
tegreerde afspiegeling van de buitenwereld. Uitgebreide bestudering van het 
visuele proces laat echter zien dat visuele perceptie een extreem ingewikkeld 
en bovendien creatief en constructief proces is, waarbij grote delen van de 
hersenen betrokken zijn. Wat het visuele proces zo complex maakt, is dat in 
eerste instantie verschillende soorten van visuele informatie gedistribueerd 
verwerkt worden: specifieke vormen van visuele informatie worden in speci-
fieke gespecialiseerde visuele gebieden in de hersenen verwerkt. Echter, on-
danks deze ogenschijnlijk gesegregeerde verwerking van informatie hebben 
we uiteindelijk toch, wanneer we terug naar ons themafeestje gaan, een geïn-
tegreerde visuele ervaring van een jongedame die er uitziet als een actrice 
uit een jaren twintig film. Klaarblijkelijk worden de verschillende soorten van 
informatie ergens in de hersenen geïntegreerd of “met elkaar verbonden”. 

  Om er achter te komen hoe een (bewuste) visuele ervaring ontstaat, 
lijkt het op het eerste gezicht zinnig om op zoek te gaan naar een plek in de 
hersenen waar alle informatie zou kunnen samenkomen. Dit lijkt met name 
een goed idee omdat het visuele systeem hiërarchisch georganiseerd is: enkele 
visuele gebieden krijgen directe input van de ogen, maar de meeste gebie-
den krijgen input van andere gebieden. Anatomisch vroege visuele gebieden 
(laag in de corticale hiërarchie) geven informatie door aan hiërarchisch ho-
gere visuele gebieden. Hoe hoger visuele informatie in de hiërarchie komt hoe 
meer de complexiteit van deze informatie toeneemt. Neuronen in de primaire 
visuele cortex reageren bijvoorbeeld op lijnoriëntaties op specifieke locaties 
in het visuele veld, terwijl het laterale occipitale gebied, hoger in de corticale 
hiërarchie, op complete objecten reageert. Het lijkt er dus op dat wanneer 
we maar hoog genoeg in de hiërarchie zoeken, we uiteindelijk de complete 
visuele ervaring van de jongedame op het roaring twenties feestje tegen kun-
nen komen. Helaas, schijn bedriegt. Recente studies en de experimenten in 
dit proefschrift laten zien dat het zinniger is om na te gaan “hoe” verschillende 
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niveaus van de corticale hiërarchie communiceren en informatie integreren, 
in plaats van uit te vinden “waar” een geïntegreerd visuele ervaring ontstaat. 

In het eerste experimentele hoofdstuk van dit proefschrift laat ik zien 
in welke mate de initiële feedforward sweep van informatieverwerking (de 
eerste razendsnelle informatiestroom die van laag naar hoog in de corticale 
hiërarchie loopt) onze visuele perceptie (en ons gedrag) beïnvloedt. Zorgt 
deze snelle feed forward informatiestroom voor een volledige visuele erva-
ring? Kan de feedforward sweep de hoogste niveaus van de corticale hiërarchie 
bereiken? De resultaten uit dit onderzoek laten zien dat deze eerste snelle in-
formatieverwerking in staat is om de hoogste niveaus van de corticale hiërar-
chie (prefrontale gebieden) te bereiken zonder dat dit leidt tot een bewuste 
visuele ervaring. Dit suggereert dat de activering van de top van de corticale 
hiërarchie, de prefrontale regio’s, op zichzelf niet voldoende is voor het bewust 
waarnemen van visuele informatie. Verrassend genoeg kan deze onbewuste 
initiële informatiestroom alsnog zeer complex cognitief gedrag, zoals het kun-
nen tegenhouden van een al in gang gezette actie (responsinhibitie) beïnvloe-
den. De bevinding dat onbewuste informatie prefrontale regio’s kan activeren 
en ons gedrag kan beïnvloeden klinkt erg spannend, echter laat het ons nog 
niets zien over de aard van deze initiële onbewuste informatiestroom. Het kan 
namelijk zijn dat door intensieve training onbewuste informatie prefrontale 
activiteit en ons gedrag op een automatische en “reflexmatige” manier kan 
beïnvloeden. Dit zou de snelle feedforward sweep van informatieverwerking 
een stuk “dommer” maken. In hoofdstuk 2 van dit proefschrift laat ik echter 
zien dat de prefrontale activatie en beïnvloeding van responsinhibitie op een 
flexibele en adaptieve manier verloopt.

Ondanks dat de feedforward sweep “slimmer” lijkt dan eerder werd 
aangenomen, zijn we nog steeds niet aanbeland bij de bewuste visuele erva-
ring van de jongedame op het themafeestje. In de opvolgende hoofdstukken 
(hoofdstukken 3 en 4) heb ik de focus verschoven naar hoe informatie sa-
menkomt in de hersenen. In deze twee hoofdstukken probeer ik aan te tonen 
dat het terugvoeren van informatie (feedback) van hogere naar lagere visuele 
gebieden van cruciaal belang is om visuele sensorische informatie om te vor-
men tot een bewuste visuele ervaring. In hoofdstuk 4 bijvoorbeeld is de sen-
sorische input (de fysiek aanwezige visuele informatie) anders dan de visuele 
ervaring van deze input (vier pacman figuren versus vier cirkels bedekt door 
een vierkant). De resultaten uit dit hoofdstuk laten zien dat lagere niveaus in 
de visuele hiërarchie later in de tijd nodig zijn dan gebieden hoger in de hiërar-
chie om van sensorische informatie een visuele ervaring te creëren. Dit sug-
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gereert dat het terugvoeren van informatie vanuit hogere niveaus naar lagere 
niveaus in de corticale hiërarchie van cruciaal belang is voor de constructie van 
(bewuste) visuele perceptie. 

In hoofdstuk 5 van dit proefschrift heb ik gekeken naar de bijdrage 
van de eerdergenoemde gespecialiseerde visuele gebieden gedurende de con-
structie van een visueel percept. Hoe verhouden de bijdrage van “het vormge-
bied”, “het bewegingsgebied” of “het kleurgebied” zich tot het daadwerkelijk 
zien van de jongedame met de zwarte veren in een charlestonjurkje met een 
glas absint in haar hand? De resultaten in dit hoofdstuk laten zien dat inter-
acties tussen de traditioneel ge- scheiden dorsale en ventrale corticale route 
(de zogenaamde “waar” en “wat” route) een belangrijke rol spelen in het 
vormgeven van visuele perceptie. Afhankelijk van de aanwezige informatie en 
welke informatie op het moment van belang is, worden dorsale en ventrale 
gebieden gerekruteerd of juist onderdrukt. In dit hoofdstuk laten de resultaten 
zien dat de gesegregeerde verwerking van informatie veel minder strikt is en 
dat de verwerking van visuele informatie op een meer pragmatische manier 
verloopt dan traditioneel werd aangenomen. 

Samenvattend laten de experimenten in dit proefschrift zien dat, on-
danks de “slimheid” van de feed forward sweep van informatieverwerking, 
met name feedback interacties tussen corticale gebieden van groot belang zijn 
voor de integratie van informatie in de hersenen. Deze integratie van informa-
tie is op zijn beurt weer cruciaal voor de constructie van visuele perceptie en 
mogelijk voor het ontstaan van (visueel) bewustzijn.
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Dankwoordenboek 

Af’ke v (de -) [Af-ky] 1. Lieftallige zachte wegneemster van ruggengraat om laatste 
drankje niet te nemen. 2. Connected since 1998.
A’ndere-verdieping-mensen-die-het-gezellig-maakten o (de -) [Eerste Tweede Vierde 
Vijfde Zesde DB] 1. Anna van Duijvenvoorde 2. Janna 3. Vanessa  4. Dieuwke 5. Marieke 
6. Wery 7. Dilène 8. Gilles (hoezo dan?) 9. Helga 10. Stephen (verdieping Nijmegen) 11. 
Jacob (verdieping Groningen) 12. Bernard (verdieping Tilburg) 13 Birte 14. Femke. 15. 
Anil (Brighton) 16. J-R (Paris). 17. Timo (NIN) 18. Floris (Nijmegen) 19. Bianca.   
An’dré m (de -) [Anndree-san] 1. Laagstemmig Japans instrument om the line mee 
walken. 
An’dries  m (het -) [An-Dries Duh-Dries Dries-Sel-Man] 1. Vriendschap ontstaan tijdens 
het uitrollen van tapijtjes. Een ~ in iemand vinden tijdens het versturen van aardbeienge-
lei. 2. Humorgenoot. 3. TV-persoonlijkheid onder diverse artiestennamen. 
An’gès v (een -) [Ann-Yes!] 1. Ondefinieerbaar 2. Ondanks (1), zwevend om termen als 
dierbare vriendin, grapjes bestaan niet en “Is dat je moeder?”. 3. Bijzonder aangenaam 
woensdagavondsamenzijn (zie ook: Johan). Een tevreden ~ is geen onruststoker.
An’ne v (de -) [An-Nuh Birsak] 1. Oprechtheid met een vlinder(spoel) er op. 
An’nema’rie E. v [Annuh-Mah-Rie] 1. Donky Kong (of was het Bowser?) 2. Zichtbare 
schittering soms verborgen voor zichzelf.  
An’nema’rie Z.S. v (Ann-Nuh-Mah-Rie) 1. Het aanhebben van de (lol)broek. 
An’nelin’de v (de -) [Annelin-dy Vanderbrouc-ky] 1. Een niet-illusoire collegavriendin die 
niet weg te TMS-en is. 2. Verscheidenheid aan feestvreugde. 3. Bijzondere vlinder.
A’nouk v (het -) [Nouk Nou-ky] 1. Een vriendin waar men ook mee samenwerkt. 2. Jube-
laar. De avond verliep wat rustig en saai totdat ~ binnenkwam. 3. Het grootste kleine 
meisje, genietend van verandering in tijd.
A’N’T’ o (het -) [E-En-Tie] 1. Supportive 2. Menno 3. Frank 4. Jaap 5. Maarten 6. Mi-
chiel. 6. Fun and science in Beaune.
Bar’ga o (het -) [Garfagnana Lucca] 1. Toscaanse droomplek gecreëerd door Pietro en 
Marijke (en Flipje).    
Bart m (de -) [Bartholomeus] 1. Broedervriend 2. Elektrische voetenwarmer.  Het was 
een koude dag, gelukkig was ~ in de buurt. 3. Geduldige lieve bezoeker van plaatsen met 
een B.
Bas’ C.B. m (de -) [Bas-Zee-Bee] 1. Periodiek plezant samenzijn in de Koe (klinkt anders 
[zie Marte] dan het is [zie: De Koe]).   
Bas’ L. m (het -) [(Sch)Lagerveld] 1. Tegelijk zindelijk en bevriend raken 2. Paradoxale 
maag.
Bas’ O. m (de -) [B.A.S. Bastos] 1. Vriendschap ontstaan in de Koreaoorlog (of in Viet-
nam…of toch in WOII?). 2. Stimulatie tot creatieve genoegens. Wanneer ~ een balletje 
opgooit, is er geen pijl op te trekken welke richting hij op sjoelt!
Bas’ O2 m (de -) [Bastiaanos] 1. Vriendschappelijke tennisanalist/tennisencyclopedie.
Be’rit v (een -) [Beer-Rit First-Underscore-Evil] 1. Juno (zonder zwangerschap) 2. Blij 
met de afbeelding bij dit Dankwoord.
Co’ra v (de -) [Koor-A Mah-Druh] 1. Verantwoordelijk voor het ontstaan van het kind (en 
dit proefschrift) 2. Blijdschap om de realisering van een gelukkig tweede leven. 3. Eeuwig 
lief meisje.
Cor’win m (de -) [Kor-Win] 1. Het genieten van een café cortado op het strand in Barce-
lona. 2. [1] zouden we meer moeten doen!
Daa’n m (de -) [Daaaahhn Zultan] 1. Gemakkelijke leren stoel 2. Energieke co-ouder 
Lodewijk +.
De zes’de/der’de verdie’ping o (de -) [Duh-Zes-Duh-Slash-Der-Duh-Ver-Dieh-Ping] 
1. Fijne mensen: Tobias, Heleen S., Jessika, Heleen F., Hans, Dick, Gerard, Annette 
(!), Mark, Marieke de Vries (wat zou ze aanhebben op 10 april?), Marieke de Boer, Anne 
Rienstra, Jaap, Carly, Bram, David, Jeroen, Ben, Huib, Peter en de onmisbare Anna 
B-S.
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Do’rus m (de -) [Doh-Rushhh] 1. Klussende entrepreneur met grappige denkbeeldige 
zoutvaatjes.
E’lise v (een -) [E-Lee-sUh] 1. Zonder kunstmatige ingrediënten 2. Academische hapto-
noom.
El’len v (de -) [Ell-Uhn] 1. Onwrikbare koppeling tussen speelsterkte tennis en de ver-
dieping waar gewerkt wordt.
Flo’rus m (de -) [Flor-rush] 1. De luxepositie van vriend en familie in een. 2. Voorspeller 
van gemiddeld drie slagen. 3. Papa bear (zie: Jalin).
Fri’so m (het -) [Freeze-O] 1. Vriend woonachtig in Londen en in de Koe (zie: de Koe)
Ga’by v (de -) [‘Gah-Bie]1. Dankbaarheid voor al wat gegeven is. 2. Puur water in een 
gebroken emmer.
Gørenstrøm, Piet & Hein m (een -) [Pete-N-HijN-Geurenstreum] 1. Weldadige weer-
barstigheid in een werkelijke waan ontzongen in een gulle lach.
Guu’s m (de -) [Guus Guus-Taf] 1. Onverslaanbaar gewapend met munt en kopje.
Hil’de v (de -) [Hill-Duh Hil-Da-Go] 1. Vrolijke non-casuality 2. Affiniteit met Drenthe.
Hu’bert m (de -) [El-Huub Huberto] 1. The man who is on the case for you 2. Erelid 
NRA.
Hyl’ke m (de -) [Heal-Kuh] 1.Mogelijk broers samen geadopteerd uit Kameroen. 2. 
Het vallen van de bezem in de vijver. Ondanks dat dit verhaal niet beter is dan dat van 
Greetje en Rinus, heeft ~ het toch gelezen. 3. Vriendschap gevonden onder het genot van 
Chipito’s en Get a Life. 
Il’ja m (het -) [Eel-Ja Ily] 1. Founding father NCF 2. Werkvriend, waarvan bijzonder te 
genieten is op congressen. 3. Af en toe Super Mario.
In’ge v (de -) [Ingg-uh Inga] 1. Trots om de andere helft van zoiets moois te zijn. 2. 
Aanwezigheid van de ander in de felheid van de dag en in de duisternis van de nacht. 3. 
Mama-gans Jalin (zie: Jalin).   
I’rene v (de -) [Ie-Rehne Ai-reen] 1. Nieuwsgierige organizer 2. Twinkelgeoogde non-casu-
ality.
I’ris v (het -) [Ie-ris Ai-Rishh] 1. Vrolijke avond gegarandeerd 2. De hoop om nog lange 
tijd werkvrienden te zijn.  
Ja’lin v (de -) [Jah-Lin] 1. Nobelprijswinnares 2. Roland Garros finaliste 3. Blij (1 & 2 
zijn dan optioneel). 
Jan’ m (de -) [Jan Ja-Nus] 1. Verantwoordelijk voor definitie (2) bij Cora 2. Lief.
Ja’nneke  v (de -) [Jann-Nuh-Kuh Jah-Nus] 1. Blondine 2. Brunette 3. Red head 4. Pink 
5. Nagels.
Jas’per m (de -) [Jas-Puhr Sjass-Per] 1. Naast sociaal nu ook meer en meer qua werk 
met elkander verbonden.
Jel’le m (de -) [Yell-Luh] 1. Langzaam steeds verder weg wonende vriend. 2. Man van de 
leuke Jamie.   
Jes’sica v (de -) [Yes-Ie-Ka Jezz] 1. Asynchroon roken 2. Belofte dit boekje persoonlijk 
thuis af te leveren (m.a.w. ik moet meer langskomen!). 
Jit’ske v (het -) [Jit-Skuh] 1. Little voice going peep, peep, peep. 2. Het produceren van 
zeer grappige en leuke peep peep peeps.   
Jo’han m (de -) [Yo-Han] 1. Met het charisma van Hans van Mierlo. 2. Voorbeeld hoe 
je eigen weg te vinden. 3. Bijzondere vriend. 4. Grappiger dan de Swedish chef (en een 
betere kok).   
Jo’hannes m (de -) [Yo-Han-Nus Djee-Djee] 1. Dansende Papa bear van de groep. 2. Kom 
terug!
Jo’ram m (de -) [Joor-Ram] 1. Goed gekrulde aanwinst op o.a. de vrijdagavond. 
Ju’lia f (de -) [Juhl-Ia Juul Djoe-Ria] 1. Prinses Julia 2. Grappig 3. Mede-kynoloog 4. 
Heel verschillend en heel leuk.
Koe de o (het -) [Moeeehh-hoee] 1. De plek waar je weg kunt komen van alles om je 
heen; soms wil je ergens heen waar iedereen je naam kent.... Mogelijk gemaakt door 
Stephanie, Dave, Tox en Afke.
Lies’beth v (de -) [Lease-Bet Lizz-E] 1. Favoriete appeltje. 2. Mooi samenzijn met Daan 
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en Mira.
Le’a v (de -) [Lee-Ah] 1. Talentvolle lachende jongedame.
Lo’tte v (de -) [Lot-Tuh] 1.Fijne sociale, wetenschappelijke en sportieve aanwinst   2. Uit-
staande revanche op de stier.
Lu’cia v (de -) [Loeh-Tsie-Ja] 1. Klik klak klik klak klik klak (het geluid van het net op 
tijd binnenrennen op hakjes in het dankwoordenboek). 2. Zeer gewaardeerd Italiaans 
temperament. 
Mar’cus m (de -) [Mar-Kus Marcus-Maximus] 1. Aanstekelijke lach 2. Ongecompliceerde 
oprechtheid.
Mar’iam v (de -) [Mar-Jam] 1. Latest valuable addition to our group. 
Mar’lies v (de -) [Mahr-Lease] 1. Het synchroon verkorten en modeleren van haar (heb-
ben we al een nieuwe afspraak?).
Mar’te v (de -) [Mar-Tuh] 1. Het op de juiste manier interpreteren van (gesproken) woor-
den. 2. Meer samen eten!
Men’no m (de -) [Menn-O Menne-Pen] 1. Altijd lollig wederzien ondanks (te) lage fre-
quentie. 
Me’rel v (de -) [Meer-L] 1. Vrolijk fladderend in Westerpark.
Mike m (de -) [MaiK] 1. Xounding Xather NCF. 2. Xunny 3. Paarse stroopwafelbakker.
Mo’lenkrocht de o (de -) [Moh-Luhn-Krogt] 1. Mooiste tennisplek van Nederland, 
dankzij Jan, Petra en Karin.
Myr’iam v (de -) [Meer-Jam Murm-Y] 1. Lieve oud-collega in het verre oosten. 
Na’omi v (de -) [Nah-Omie] 1. Stoere jongedame!
Na’os m (de -) [Ney-As Nee-Os Nah-Os] 1. Broeder Naos 2. Man van sprankelende Shaw-
na. 3. Ongedateerde ticket naar Brasil. 4. Screaming ginny (wat later Fidel Castro bleek 
te zijn). 4. Titelkenner.
Nin’ke  v (het -) [Nin-Kuh] 1. You got to pick her up just to say hello. 2. Grappigste spe-
cialiste die er gaat komen.
Niels m (de -) [Nih-Ls Neh-Liz] 1. Naast collega, binnenkort ook tennispartner!
O’lympia v (de -) [Oh-Lympy-A] 1. De-opfleur-van-je-dag-werkvriendin. 2. Hopelijk voor 
altijd in Nederland (zie [1]). 
Pat’ric m (de -) [Pet-Rick Ped-Die] 1. Bruder-vriend woonachtig in Berlino und in 
meinem Herzen. 2. Piet en Hein connaisseur. 3. Van Sumazon tot papa-san. 4. Do the 
Boogaloo! 
Pel’le m (de -) [Pel-Luh] 1. Altijd goed gestemd.
Pim m (de -) [Pim Pim-Mus] 1. Fijne plaat die na elke keer luisteren beter en beter wordt. 
2. Zoh lekkuh druhppehltjuh uhn beetjuh lekkuh weet juh.
Proef’personen v (de -) 1. Aangename persoonlijkheden die met hun levendigheid ervoor 
gezorgd hebben dat de experimentator niet, ondanks megalomane projecten, een TMS-
spoel op eigen hersenstam heeft proberen te zetten. 2. De verschuiving van proefpersoon 
naar iets vriendschappelijks, waarschijnlijk syn-chroon lopend met de ontwikkeling van 
het Stockholm-syndroom. 
Promo’tiecommissie o (de -) 1. Onbaatzuchtig zestal dat energie en tijd steekt in het 
lezen van het proefschrift en promovendus van (hopelijke niet al te moeilijke) vragen 
voorziet. 2. Incidenteel bestaande uit prof. dr. C. Kemner,  prof. dr. K.R. Ridderinkhof, 
prof. dr. E.H.F. de Haan, dr. F.P. de Lange, prof. dr. P.R. Roelfsema en prof. dr. A.T. Sack.
Renée v (de -) [Ruh-Nee Ruh-Nee-Tjuh Piep] 1. Mijn liefde 2. Ontroering 3. Schoonheid. 
4. Pinguïn.  Een ~  is als honing voor de (spreekwoordelijke) ziel.
Ri’chard  m (de -) [Rie-Sjard King-Richard] 1. Inspiratiebron om voor de wetenschap te 
kiezen. 2. Bijzondere sociale vogel (en wel een eerste waarneming!).  
Rin’da v (de -) [Rin-Dah] 1. Arrr, meer dansen in Amsterdam! 2. Interesse!
Ro’gier m (de -) [Roh-Gier] 1. Slappe lach vriend Hihihihi hahaha ~ hehehe hihi!
Rom’ke v (de -) [Rom-Kie] 1. Combinatie van Surf en Science.  
Rolf m (de -) [Rohl-ff] 1. Fore! 2. Lolbroek, maar dan wel een broek van de juiste stof en 
in het juiste model.
Ro’nald m (de-) [Roh-Nald] 1. De vriendelijke buurman, die altijd klaarstaat.
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Roy m (de -) [Rooi Roj] 1.Louter genoeglijk bijeenzijn op den vrijdag.
Ru’ben m (de-) [Ruh-Bun] 1. Het genoegen iemand tegen te komen op onverwachte mo-
menten.
Sa’ra v (de -) [Saa-Ra] 1. Jippie!
Sa’rah v (de -) [Sah-Rah Saar La-Lah] 1. Verhuizing van mijn huis naar mijn hart. 2. 
Professioneel inpakken van spullen (Zwolle-Groningen-Glasgow-Goningen-Göttingen-
Groningen-Amsterdam-Groningen-Amsterdam-Berlijn-Groningen-Amsterdam-Amster-
dam-Amsterdam-Amsterdam). 3. Een mooie westerparkvreugde.
Sen’nay m (de -) [Zen-Nay] 1. Oprecht in aardigheid 2. Bestuurder van 4-persoonsauto 
gevuld met elf mensen. 3. Een meisje kan dus ook!
Si’mon m (de -) [Sjie-Moh-Nusj Bang-A-Liet-O] 1. Collega die vriend werd. 2. Vriend die 
collega werd. 3. Samen bezoek brengen op Princeton. 4. Titelkenner.
Sjoerd m (de -) [Sjoeh-rd Sure-D] 1. Altijd-goed-vriend 2. Het genieten van de Aziatische 
zon 3. Kunst in Kreutzberg.
Smit, de familie o (de-) [Duh-Fah-Mie-Lie-Smit] 1. Dank voor gezelligheid en de fijne 
plek om heen te gaan. 2. Jan 3. Ineke 4. Annemieke 5. Jan en Annemarie.
Southern Harmony and Musical Companion o (the -) [Luister] 1. Muziek. 
Ste’ven m (de -) [Steef-Uhn] 1. Vriendschap op het eerste gezicht (vrij uniek in jouw 
geval). 2. Rode wijn bevlekking 3. Kruiwagen voor de wetenschap. 4. Altijd paraat  voor 
ondersteuning. 
Su’zanne v (de -) [Zuh-Zan-Nuh] 1. Vrolijke blauwe ogen die nu in het zuiden rondki-
jken.
Sven m (de -) [Sf-Ehn] 1. Vrolijk en voor altijd jong.
Tennisteam o (het -) [Ganz-Locker-Auf-Die-Beine] 1. Veel plezier op en buiten de baan 
met Pim, Anne-Marie, Erika, Sanne, Bas, Robert en Mariska.
Tink’a v (de -) [Tink-Ah Tink-Y] 1. “Mijn ontdekking” 2. Spontane vrolijkheid.
To’mas m (de -) [Toh-Mas Duh-Knaap] 1. Fijne buurman. 2. Andere universiteit maar 
nooit meer weg (zie [3]) 3. Ma-Do: VU, vrijdag: UvA! 4. Meer samen eten.
TOP m (de -) [Tohp] 1. Bert 2. Michel 3. Nico 4. Rene 5. Marcus 6. Thomas (de ex-Topper 
inmiddels) 7. Jasper. 8. Marco. 9. George. Allen Toppers!
Tox m (de -) [Toh-Kss] 1. Zeer sociale goed gemanierde van-alles-weter. 
Vergeten namen o  (de -) 1. Lieve en aardige mensen buiten het kader “promoveren 
in de periode 2007-2012”! (denk bijvoorbeeld aan Jaap (50 roem!), Josje (meer samen 
vogeltjesdansen!), Marijke (mooie grappige vampier!), Martijn (mede-tinus!), Els (geliefde 
“huisgenoot”), Anna de W., Feyko, Joke, Anke, Daan, Aisha, Meike, Daan, Machteld en alle 
anderen). 
Vic’tor m (de -) [De Don] 1. Bewondering voor wetenschappelijk intellect 2. Het bieden 
van een ogenschijnlijk makkelijke oplossing voor een moeilijk probleem 3. De kunde van 
altijd jezelf blijven. 4. Erg grappig (zie ook [5]) 5. Van alle (neuro)martken thuis (denk 
aan: tropische synchroonzwemmer, Japanse zanger of tafelkleeddanser). 
Vic’tor m (de -) [McChung] 1. Australian-Chinese-English-Irish-Spanish friend 2. The 
quality of being able to make fun of nearly everything.  
Wende’lien v (de -) [Wenn-Ie] 1. Gedoogster van “het fenomeen” in haar omgeving. 2. 
Mulher elegante.
White album o (the -) [Weit-El-Bum] 1. John. 2. Paul 3. George 4. Ringo. 
Will’em m (de -) [Will-Uhm] 1. Zie p.12 figuur 1.2b in de ventral stream (en hij is zelfs 
nog leuker dan hij er uit ziet).  
Yai’r m (de -) [Ja-Ier] 1. Big in Japan 2. Werkvriend die na de VU toch naar Amsterdam 
wilde. 
Y’me m (de -) [Zod] 1. Vriendschap met gevoelstemperatuur van familie. 2. Mooi 
#$#mannetje (inmiddels letterlijk!) 3. Man van lieve Car-Lee en papa mooie Mats en Ole.  
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