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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). 



Chapter 4

88

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). 



Chapter 4

92

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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