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On the interaction of the shapes of Illusory Kanizsa objects and their 
inducing elements 
 
Jurjen van der Helden, Berry Wijers, and Suzanne van Ooijen. 
 
Abstract 
 

Kanizsa objects are thought to be perceived as (illusory) object shapes in 
the foreground, partly occluding the inducer elements lying in the 
background. Research suggests that the formation of such illusory object 
representations occurs at early stages of perceptual analysis. It has also 
been suggested that illusory objects capture attention in the sense that 
attention spreads over its surface. Presentation of information within an 
illusory object interferes with information presented in the (subjective) 
background. However, it has hardly been investigated how the perception 
of the shapes of the inducer elements and the shape of the illusory object 
interact. In Experiment 1 we measured reaction times in a discrimination 
task. In different conditions subjects either had to discriminate the shapes 
of the inducers or the shape of the illusory object. We found that the 
shapes of the inducer elements interacted with the discrimination of the 
illusory object shape, but not vice versa. This might suggest that the shape 
of the inducer elements is processed earlier or has a higher priority than 
the shape of the illusory object, contrary to expectations. In Experiment 2 
(an ERP-experiment) subjects attended to conjunctions of the inducer and 
illusory object shapes. ERP effects suggested that the way in which 
subjects selectively attended to the inducer and object shape was vastly 
different for congruent conditions (in which the attended inducer and 
illusory objects shape were identical) than for incongruent conditions 
(different attended inducer and object shapes). In congruent conditions 
subjects seemed to attend to both the inducer and object shapes 
independently (i.e. there was an ERP effect if one of the shapes was 
relevant, even in the other shape was irrelevant). In incongruent 
conditions, on the other hand, selective processing was only evident for 
the specific combination of the attended inducer and object shapes. In 
addition, selective processing started at a much later latency. These results 
suggest that the organization of attentional selection processes can be 
strongly dependent on the configural properties of the attentional channel.  

 
5.1 Introduction 
 
A fundamental controversy in visual attention concerns the moment of selective attention 
in visual perception. Broadbent (1958) originally proposed a Filter model. In an early 
stadium, all incoming visual information undergoes perceptual processing. In a 
subsequent stadium, attention gates through some of the information for more thorough 
processing. All information is supposed to be present before this moment of gating. This 
raises the important issue of what is processed in the visual system before it is being 
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gated and this issue still resounds in discussions today (Scholl, 2001). For instance, early 
selection theories propose that only information that is typically processed in lower brain 
areas (location, orientation) is impenetrable for attention but that ‘higher’ processing 
(identity, objectness) is under control of attention. For instance, the ‘feature integration 
theory’ (FIT) of Treisman (1980; 1993) states that visual attention binds simple features 
with corresponding locations into coherent objects. When attention fails to bind these 
features, relevant features of nearby objects can be illusorily conjoined and consequently 
be judged as ‘target’ objects by subjects. Late selection theorists (see Deutsch and 
Deutsch, 1963) argued that even higher perceptual processing can occur before 
attentional selection. Object based attention phenomena, for instance, have been used as 
an argument in favor of this theory. Duncan (1984) showed that when two features have 
to be identified, subjects are helped in great extent when these features are element of one 
object as compared to when these features are presented on different objects, which were 
superimposed. The objects of attention need not correspond exactly with recognizable 
objects, but can also reflect parts of the visual input. With the help of segmentation 
processes, the visual system will group together those parts of the visual input which are 
likely to correspond to common objects.  

To examine the role of attention in segmentation, illusory contours are often used. 
Several experiments have shown that Kanizsa illusory objects are able to alter the spatial 
distribution of attention. Typically, Kanizsa objects are produced when four inducing 
‘pacmen’ are placed in a two by two matrix with their ‘mouths’ to the center, which is 
thought to be perceived as a square which partly covers four circular elements (Kanizsa, 
1974). Davis and Driver (1994) showed that visual search of Kanizsa illusory objects in a 
display with up to six clusters of pacmen was parallel compared to a control condition. 
Later, they showed that search for a circle from which a quarter part was deleted was 
impaired when it was placed on a corner of an illusory occluding Kanizsa object (Davis 
and Driver, 1998). They concluded that because the subjects perceived the circle as 
placed behind the occluding illusory surface, they amodally completed the circle into an 
intact circle, which does not pop-out in a display with other intact or amodally completed 
circles. Search on occluded (amodal) object surfaces is disrupted by distractors in 
occluding object surfaces (Ricciardelli et al., 2001). Mattingley, Rafal, & Driver (1997) 
provided another example of illusory objects altering the distribution of visuospatial 
attention. They showed that a visual extinction patient could detect simultaneous changes 
on the left and right of a visual display when these changes produced a Kanizsa illusory 
object, but failed to detect any changes on her contralesional side when these did not 
produce a proper Kanizsa object. 

How the shape of the inducers relates to the production of a percept of an illusory 
Kanizsa object is a matter of discussion. Kanizsa’s (1974) original claim is that, in order 
to produce a strong illusory percept, the inducers need to be asymmetrical. According to 
this claim, all objects tend to be perceived as symmetrical. When they are not, the 
perceptual system seeks ways to ‘complete’ the visible objects into symmetrical objects. 
This way, when presented with asymmetrical pacmen inducers, the perceptual system can 
perceive complete symmetrical disks when an object is perceived to occlude those disks. 
On the contrary, ‘+’ signs as inducers do not produce an illusory object, because the 
inducers are symmetrical themselves and are perceived as regular objects without any 
object occluding them. Whether or not asymmetry of inducers is a necessity to create a 
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perception of an illusory object has been subject of debate. In contrast with the 
asymmetry hypothesis, Albert (1993) suggests that when inducers have borders which are 
nonparallel to the borders of the illusory objects, the percept of the object is stronger than 
with parallel borders of the inducers. Albert suggests that “when an inducer’s outer 
boundary is nearby or approximately parallel to an inducing edge, then the inducing edge 
will tend to be perceived as belonging to the inducers” (Albert, 2001, p. 2827). This 
claim differs from the former symmetry idea. For instance, an ‘L’ shaped inducer is 
asymmetrical, but according to Alberts claim does not produce a strong illusory percept. 

Although there has been much research on how the shape of the inducers 
influences the strength of the percept of the illusory object, it remains unclear how the 
shape of the inducers interacts with the shape perception of the illusory object. 
 
5.2 Experiment 1 
 
In this experiment subjects had to judge the shape (square or circle) of an illusory object 
in one condition (GLOBAL condition), and of the inducing objects in the other (LOCAL 
condition). Several experiments would suggest that the identification of a illusory global 
object has a benefit over local objects, in this case the inducers (i.e. Mattingley, Davis, 
and Driver, 1997; Davis and Driver, 1998; Vuilleumier, Valenza, & Landis, 2001). This 
predicts that when the shape of inducing local elements has to be identified, the shape of 
illusory global object indicating another response (i.e. incongruent shape) will interfere. 
On the other hand, the identification of the illusory global object should be rather 
immune for congruency of the shape of the inducing local elements.  

For this experiment we chose to vary the location of the objects in an 
unpredictable manner. The reason for this is twofold. In the first place, uncertainty of the 
location of the object prevents anticipatory eye movements to the relevant locations. 
Furthermore, spatial uncertainty prevents subjects from adopting a strategy of orienting 
their attention in anticipation of the relevant features of the object; in the global condition 
it would be the centre of the expected object and in the local condition it would be one of 
the object corners. The objects were constructed from gray and white elements on a black 
background (see Figure 5.1).  

According to the Metelli rule (Metelli, 1974; see also Driver, Davis, Russell, 
Turatto, & Freeman, 2001) the percept of an illusory object is generated when the 
intensity of its overlapping parts is between the intensity of the background and the 
inducing elements (Figure 5.1, left), as if the illusory object is transparent and placed 
closer to the observer than the elements. When this contrast is reversed (Figure 5.1, 
centre), the percept of the overlapping figure is not generated. Objects which should be 
strong according to this Metelli rule were varied with objects which should produce a 
weak percept of an illusory object. This served as a control, because we would expect 
that the effect of the illusory object on the discrimination of the inducers is reduced when 
its percept is weaker. 

Another point concerns parallelism of the inducers and the illusory object. 
According to Albert (1993), illusory objects with borders which are parallel with the 
outer borders of the inducers (i.e. congruent objects in Figure 5.1) are weak compared 
with inducers with aparallel outer borders (i.e. incongruent objects in Figure 5.1). This 
predicts that discrimination of the illusory object shape is more difficult when the 

 69



Chapter 5 

inducers have parallel borders and is better when inducers have aparallel borders. Hence, 
performance on incongruent objects would be expected to be better (quicker and more 
accurate) than on congruent objects in the GLOBAL condition. 

 

Compatible Incompatible Compatible Incompatible Compatible Incompatible 
Metelli + Metelli - Real 

Figure 5.1 
 

Presented in this figure are the stimuli which were used in Experiment 1 and 2. In Experiment 1, the 8 
Illusory objects were used (Metelli -, and +). In Experiment 2, the 4 illusory objects on the left (Metelli +) 
and the Real objects on the right were used. 
 
 
5.2.1 Method 
 
5.2.1.1 Participants 
 
Fifteen unpaid subjects were recruited (age: 19-23). They had normal or corrected-to-
normal vision. 
 
5.2.1.2 Stimuli 
 
Subjects were seated 75 cm from the computer screen. Stimuli were constructed in the 
following manner. First, the total surface of the four inducing squares or circles was equal 
to the surface of the global object. At the centre of the object a large ‘+’ sign was 
presented (4 mm thick) with the same contrast as the illusory object to strengthen its 
percept (see Figure 5.1, left, center). Second, half of the border of the Global objects 
abutted on the local inducers and the central cross; the other illusory half was not abutted. 
Ringach, and Shapley (1996) indexed the ‘strength’ of the illusory object percept as the 
length of the abutted part of the illusory object divided by the total border length, which 
means that the strength of the illusory object was 0.5. We used a total of 8 different 
stimuli: local squares or circles, global squares or circles and strong or weak Metelli 
contrast. The total figure had a width of 4.8 cm, the height was 4.7 cm. The length and 
width of the global square was 3.2 cm. The length and width of the local squares was 1.3 
cm. The diameter of the global circle was 3.5 cm and the diameter of the local circles in 
both conditions was 1.6 cm. Central on the computer display a ‘+’ sign served as fixation 
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point. Stimuli were placed either left or right from fixation. The centre of the object was 
either 4.3 cm left or right from fixation and 0.7 cm above fixation.  
 
5.2.1.3 Procedure 
 
Each run began with the presentation of a fixation sign (‘+’) at the centre of the computer 
screen which stayed on the screen for the rest of the run. After 1 s, one of the 8 possible 
stimuli were placed either left or right from fixation with equal probability. This stimulus 
was replaced after 200 ms by a mask (for the duration of 700 ms) which consisted of 
random circle and rectangular objects in gray or white which extended the surface of the 
preceding stimulus. Responses were collected in the 900 ms interval of stimulus and 
mask presentation. After disappearance of the mask, a 400 ms interval indicated the 
beginning of a new trial. A run consisted of 80 trials. Each subject first finished two runs 
of one condition, and then two runs of the other condition, which comes down to a total 
of 320 trials. Each subject finished a practice run of 16 trials of the task prior to each new 
condition. 

The task for the subject was to determine whether the relevant feature consisted of 
either a square or a circle, which required keyboard response with the right (=’z’ key) and 
left (=‘m’ key) index finger respectively3 . In the GLOBAL condition, subjects were 
instructed to indicate as quickly as possible whether they observed a Kanizsa square or 
circle, and in the LOCAL condition they had to respond to the shape of the inducing 
objects. 

A MANOVA repeated measures analyses was applied with three factors with 2 
levels each. LOCAL/GLOBAL-TASK was the factor comparing the LOCAL and 
GLOBAL conditions. The factor CONTRAST compared he conditions with strong and 
weak Metelli contrast. The factor CONGRUENCY compared the trials with congruent 
and incongruent local and global shapes. Analyses were performed on error percentages 
and on mean reaction time (RT) of correct trials. Half of the subjects were first subjected 
to the GLOBAL condition; the other half first finished the LOCAL condition.  
 
5.2.2 Results 
 
The only main effect in the RT analysis was CONGRUENCY (F(1,14)=24.5, p<.001). 
Responses to incongruent stimuli were slower than to congruent stimuli (13 ms). 
Importantly, CONGRUENCY interacted with LOCAL/GLOBAL-TASK (F(1,14)= 13.5, 
p<.005, see Figure 5.2, left). Post-hoc comparison of both conditions revealed that the 
effect of CONGRUENCY was present in the GLOBAL condition (F(1,14)=30.2, p<.001) 
and not in the LOCAL condition (F(1,14)=2.3, ns.). So, when subjects had to judge the 
shape of the illusory object they were slower (by 22 ms) when the shape of the inducing 
elements was incongruent, whereas when they had to discriminate the shape of the 
inducers, the shape of the illusory object had no effect. 

 CONGRUENCY was also significant in the analysis of the accuracy data 
(F(1,14)=15.0, p<.05), indicating that subjects were more accurate when they were 
shown congruent objects compared to incongruent objects. Also, CONGRUENCY 
                                                 
3 Although subjects were quicker and more accurate on congruent spatial response trials (Simon, 1969) 
than on incongruent trials, we ignore this factor, because it is of no interest to the current question. 
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interacted with LOCAL/GLOBAL-TASK (F(1,14)=5.9, p<.05, see Figure 5.2, right). 
When subjects had to discriminate the illusory object, they made more mistakes when the 
inducing elements were incongruent (F(1,14)=13.1, p<.005), whereas discrimination of 
the local elements was unaffected by the congruency of the illusory object (F(1,14)=2.5, 
ns.). 

Finally, CONTRAST did not have an effect on RT (F(1,14)=.11, ns.), nor on 
accuracy (F(1,14)=2.7, ns.), nor did this factor interact with any other factor. 
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Figure 5.2 
 
In the left panel the RTs to the stimuli are presented and the error percentages in the right panel. Error bars 
indicate the standard error of means.  
 
 
5.2.3 Discussion 
 
The results of Experiment 1 showed a one-way interference: identification (reflected in 
RT and accuracy) of the global shape was affected by the shape of the local inducers but 
not vice versa. This suggests that the local inducer shapes was processed earlier than the 
shape of the global illusory object. The results were in contrast with what would be 
expected when illusory objects were processed preattentively (i.e. interference of the 
shape of the global illusory object on identification of the shapes of the local inducers). 
This suggests that the generation of a representation of the illusory object requires 
attentional processing. 

Alternatively, it could be that both the local and global shapes are processed 
preattentively, but at a different pace, such that local shapes are processed earlier and can 
interfere with the processing of the global shape, but not vice versa. A final possibility is 
that the asymmetrical interference effects do not so much reflect early perceptual 
processes, but rather later, e.g., decision-related processes. 

There was no evidence in this experiment for the idea that discriminating the 
Global object shape is better when the inducers have aparallel outer boundaries (Albert, 
1993). In that case one would expect a pattern of results opposite to what was found, 
namely superior performance for the incongruent stimuli relative to the congruent stimuli. 
Albert (1993), however, measured the subjective strength of illusory contours, whereas 
we investigated interference effects in discrimination performance; these two measures 
might reflect different aspects of information processing. 
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Performance measures offer just a limited view on the temporal aspects of 
information processing. In this respect event-related potentials (ERPs) offer a more direct 
window on the time-course of the processing of different visual features. Therefore, in 
Experiment 2 we measured ERPs in addition to performance.  
 
5.3 Experiment 2 
 
We changed the stimuli of Experiment 1 slightly for the second experiment. In 
Experiment 1, the Metelli contrast effect could not be confirmed; subjects were as able to 
identify illusory objects with a strong contrast as objects with a weak contrast. Therefore, 
in this Experiment 2 we only used illusory objects with strong Metelli contrast (Figure 
5.1, centre). Furthermore, we used physically completed global objects (‘Real Objects’) 
to contrast with the Illusory global objects (see Figure 5.1, right). 

The way the brain selects visual stimulus features is reflected in the ‘selection 
negativity’ (SN). It has been suggested that this ERP effect reflects selective processing 
in posterior brain areas (e.g., Aine & Harter, 1986; Rugg et al., 1987; Näätänen, 1992; 
Smid, Jakob, & Heinze, 1999). For instance, this negativity terminates as soon features of 
the stimulus appear to be irrelevant (Mangun & Hillyard, 1995). In some models, 
attention modulates the reactivity of sensory brain areas. ‘Sensory gain’ (Hillyard & 
Hansen, 1986), is reflected in a modulation of early ERP components (P1/N1) when 
information is presented on attended locations. However, when nonspatial attention has 
to be deployed, for instance in selecting stimuli with a certain colour, processing in 
colour specific areas is modulated, which is reflected in modulation of later ERP 
components such as the SN. Attention is thought to pre-activate a perceptual module, 
which responds more strongly to stimuli with the attended feature in a bottom-up fashion. 
Other models are similar in their view that processing as it is reflected in the SN, 
indicates processing in a bottom-up fashion (Näätänen, 1992). 

In order to see on which type of information subjects prefer to focus their 
attention, subjects had to attend to a combination of Global and Local features. In this 
way we are able to determine which type of feature is selectively processed and when. 
For instance, Hansen & Hillyard (1983; 1986) have developed a model on how ERP-
effects can indicate in which way stimulus dimensions are selected. These authors 
describe an approach using multidimensional stimulus selections. In such a situation the 
subjects are presented with stimuli varying along multiple stimulus features (e.g., colour 
and orientation: red horizontal, red vertical, blue horizontal and blue vertical). The 
subjects are instructed to attend to one combination of stimulus features (called the 
‘relevant input channel’) at a time (e.g., to attend to the red vertical stimuli in one 
condition, and in three other conditions to attend to respectively, blue vertical, red 
horizontal, and blue horizontal stimuli). 
 In multidimensional stimulus selection experiments three different patterns of 
ERP effects may be observed. Let’s assume that attention is directed to a combination of 
colour and orientation (e.g., attend red vertical stimuli and ignore the other three 
combinations). First, it could be observed that only those stimuli sharing both relevant 
attribute values (i.e. the red vertical stimuli) elicit a distinctive, negative effect (i.e. the 
SN) in the ERP, whereas other combinations all do evoke a similar, less negative, ERP 
pattern. Such a conjunction-specific effect would indicate that selective attention is 
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specific to the conjunction of attribute values. This indicates that subjects process the 
stimulus as a whole, that is, a combination of both attributes. Second, it could be 
observed that all stimuli that share one of the relevant attributes (being either red or 
vertical) elicit an attentional ERP response independent of the value on the other 
attribute. Thus, in this case the ERP effect of colour being relevant is similar for vertical 
and horizontal stimuli, and vice versa, the ERP effect or orientation being relevant is 
similar for red and blue stimuli. This exhaustive processing of each attribute indicates 
that subjects process both attributes independently of each other (i.e. independent/ 
exhaustive attention mode). Finally, the ERP effect of one of the attributes (e.g., 
orientation) being relevant could depend on the relevance of the other attribute. In this 
example, orientation being relevant would result in an ERP effect only when the colour 
was also relevant, whereas when the colour is irrelevant, the ERP patterns of relevant and 
irrelevant orientations would be equal. This indicates that subjects first attend to one 
attribute and when it is relevant, also attend to the other attribute (e.g., hierarchical 
attention mode). 

In Experiment 2, subjects were instructed to attend to only one combination of 
Global and Local features (e.g., attend to a Global circle and a Local square). The 
specific relevant input channel changed every next block and varied over all possible 
stimulus feature combinations (see Figure 5.1, left). Furthermore, stimuli could be 
presented either 250 ms or 120 ms. Subjects only had to respond when the relevant 
stimulus was presented for 250 ms and not when it was presented for 120 ms. ERP 
analysis is focused on these nontargets, because in this condition relevance processing is 
not affected by response selection processes. 

Within the Real and Illusory object conditions, there are 4 different Relevant 
Input Channels, which were varied between blocks, adding up to 8 different blocks. 

 
5.3.1 Method 
 
5.3.1.1 Participants 
 
Fifteen healthy college students (7 female; aged between 17-27 years, M=21.6), gave 
their informed consent and were paid for their participation in this study. All subjects 
were right-handed and had no history, of neurological or psychiatric illness. All had 
normal or corrected-to-normal vision. 
 
5.3.1.2 Stimuli 
 
Stimuli in the Illusory condition (IC) were the same as the strong Metelli contrast stimuli 
in Experiment 1 (see Figure 5.1, left). Stimuli in the Real condition (RC) were 
constructed from the illusory objects by replacing the global illusory object with a 
physically completed global object. Also, the protrusions of the occluded cross were 
erased (see Figure 5.1, right).  
 
5.3.1.3 Procedure 
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Subjects had to pay attention to a conjunction of features. The first relevant stimulus 
feature was the shape of the elements; the second one was the shape of the global object. 
This object was called the ‘relevant input channel’ (RIC). There were four different 
stimuli within each run. Each of these four stimuli appeared equally often within each 
run. Furthermore, for each stimulus type, half of the stimuli were presented for 250 ms 
and half for 120 ms. The task of the subjects was to attend to the relevant input channel, 
and respond whenever stimuli within this category were presented for 250 ms (relevant 
targets). Subjects had to respond to targets by releasing a button with their right-index 
finger. 

Each participant was tested in 32 runs of 80 trials each, with in every run another 
RIC. The presentation order of the runs was semi-randomized for each subject, with the 
restriction that there never appeared a run with the same RIC more than twice in a row 
and that real figure blocks were alternated with illusory figure blocks. 320 trials per RIC 
were obtained, which resulted in 2560 trials per subject. Participants received feedback 
about their performance after each run by means of showing their mean reaction time and 
the number of missed targets and false alarms on non-targets. 
 
5.3.1.4 Recording 
 
The electroencephalogram (EEG) was measured with an electrodecap (Electro-Cap 
International) using 30 Sn electrodes placed at positions F3, F4, F7, F8, FPz, Cz, C3, C4, 
T3, T4, Pz, P3, P4, P7, P8, CPz, CP5, CP6, POz, PO3, PO4, Oz, O1, O2, PO7, PO8, 
PO9, P9, PO10, and P10 (Sharbrough et al., 1991). All electrodes were referenced to the 
right and left mastoid. Horizontal electro-oculogram (hEOG) was measured with Sn 
electrodes on the outer canthi. Vertical EOG was measured with Sn electrodes, above and 
below the left eye. The impedance of the electrodes was kept below 5 KΩ. EOG and 
EEG were amplified with a time constant of 10 s and a 200 Hz low-pass filter, sampled at 
1000 Hz, digitally lowpass filtered with a cut-off frequency of 60 Hz, and on-line reduced 
to a sample frequency of 250 Hz.  
 
5.3.1.5 Performance Analysis 
 
The mean reaction time on hits of each individual RIC condition was analyzed. 
Responses within 1300 ms after target presentation were considered as hits. A repeated 
measures analysis (ANOVA) was performed on the performance data, with FIGURE-
TYPE (Illusory or Real), GLOBAL-SHAPE (square or circle), LOCAL-SHAPE (square 
or circle), and POSITION (left or right from fixation) as within-subject factors. 
 
5.3.1.6 ERP Analysis 
 
ERPs were averaged off-line. Artefacts were rejected automatically and ocular correction 
was performed (Gratton, Coles, and Donchin, 1983). Averages were corrected with a 
baseline of 100 ms preceding the stimulus onset. Because no difference was expected to 
be found between the two different congruent RIC conditions, ERPs of these two 
conditions were also averaged. This was done for illusory as well as real figures. The 
same procedure was followed for the incongruent RIC conditions. 
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Visual inspection showed, among many other things, a selection negativity 
occurring most clearly at electrodes P7 and P8. This negative waveform is thought to be 
related to selection processes (e.g., Aine and Harter, 1986; Rugg et al., 1987; Näätänen, 
1992; Smid, Jakob, and Heinze, 1999) and therefore only electrodes P7 and P8 were 
further analyzed. One of the topics of interest was the question which type of information 
(global or local) becomes more readily available to the subject to make the decision if a 
stimulus belongs to the RIC or not. For that reason, analyses were confined to non-target 
ERPs. Mean amplitudes were measured for the 0-500 ms latency ERP interval. This 
interval was then divided into 25 consecutive 20 ms intervals (i.e. each interval contains 
the mean of five consecutive samples). These data were averaged per subject and these 
averages were used for repeated measures analyses of variance (ANOVA). 

The ERPs mean amplitude variables were analyzed with the within-subject factors 
LATERALITY (electrode contra- or ipsilateral to the stimulus), FIGURE-TYPE (illusory 
or real), GLOBAL-RELEVANCE (global figure was relevant or irrelevant), LOCAL-
RELEVANCE (local elements were relevant or irrelevant), and, CONGRUENCY 
(congruent or incongruent RIC conditions). 

Testing many intervals increases Type I errors. Therefore, we have only reported 
significant F values if there was a significant effect of a factor on at least three adjacent 
intervals. In this case, the probability for a Type I error in three consecutive significant 
intervals is reduced to 0.003. In consecutive significant bands the maximal F-value is 
reported. 
 
5.3.2 Results 
 
5.3.2.1 Performance 
 
A highly significant interaction between GLOBAL-SHAPE and LOCAL-SHAPE 
reflected that subjects had shorter mean RTs to congruent than to incongruent targets 
(F(1,14)=56.0, p<.001). Furthermore, the analysis revealed a main effect of FIGURE-
TYPE (F(1,14)=6.02, p<.05), with slower RTs to illusory figures than to real figures. 
CONGRUENCY interacted with FIGURE-TYPE (see Figure 5.3, (F(1,14)=5.7, p<.05). 
As is visible in Figure 5.3, the effect of congruency was larger for illusory figures than 
for real figures. In fact, the main effect of FIGURE-TYPE can be completely ascribed to 
the difference between Real and Illusory figures in incongruent object trials (F(1,14)=7.8, 
p<.05) as the difference between Real and Illusory figures was not significant in 
congruent trials (F(1,14)=1.0, ns.). 
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In the left panel the RTs to the stimuli are presented and the error percentages in the right panel. Error bars 
indicate the standard error of means. 
 
5.3.2.2 ERPs 
 
Processing of stimuli was observed to be different for congruent and incongruent RICs 
(see Figure 5.5). Stimuli presented in the Congruent RIC conditions evoked larger N1s 
than in the Incongruent RIC conditions (i.e. CONGRUENCY: 140-200 ms, (F(1,14)=9.6, 
p<.01). Later (280-500 ms), stimuli presented in Congruent RIC conditions evoked less 
negativity than in Incongruent RIC conditions (F(1,14)=29.0, p<.001). Furthermore, 
interactions between CONGRUENCY and LOCAL-RELEVANCE (220-360 ms, 
F(1,14)= 13.7, p<.01), CONGRUENCY and GLOBAL-RELEVANCE (200-440 ms, 
F(1,14)= 40.6, p<.001), and between CONGRUENCY, LOCAL-RELEVANCE, and 
GLOBAL-RELEVANCE (320-500 ms, F(1,14)= 26.8, p<.01) indicated that the selection 
process, as manifested by the selection negativities, proceeded differently for congruent 
and incongruent RIC conditions. It is important to note that CONGRUENCY did not 
interact with other factors before 200 ms. This means that the CONGRUENCY effect on 
the N1 was not altered by any other factor.  

Visual inspection clearly showed large differences between Congruent and 
Incongruent RIC conditions in how Global and Local features were processed (see Figure 
5.4a and 5.4b). To investigate these effects more comprehensively, we performed two 
separate analyses: one for congruent, and one for incongruent RIC conditions. Results are 
summarized in Table 5.1a and 5.1b. 
 
Congruent RIC condition 
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In Figure 5.4a, the ERPs are presented of the condition in which the relevant input 
channel was congruent. The ERPs elicited by stimuli belonging to the relevant input 
channel showed enhanced negativity (in the latency range 240-460 ms) relative to the 
other stimuli. Also stimuli sharing only one feature (either local or global) with the RIC 
elicited negativity as compared to the stimuli which were irrelevant on both feature 
dimensions. The negativity elicited by the RIC was approximately equal to the sum of the 
negativities elicited by the stimuli with only one relevant feature dimension. The 
modulation of the negativity by relevance occurred somewhat earlier for Global features 
(200-460 ms) than for Local features (240-460 ms).  
 
Different hierarchical processing in Illusory and Real object conditions 
 
As can be seen in Figure 5.4a, the relevance of the different feature dimensions is 
processed differently in Illusory and Real object conditions. FIGURE-TYPE interacted 
with LOCAL-RELEVANCE (240-340 ms) and FIGURE-TYPE interacted with 
GLOBAL-RELEVANCE (240-300 ms). The contrasts showed that the negativity elicited 
by stimuli sharing only the local shape with the RIC was smaller, and occurred later 
(from 280 ms onward), in the Illusory object conditions than in the Real object conditions 
(occurring from 240 ms onward), whereas the negativity elicited by stimuli sharing only 
the global shape with the RIC was larger in the Illusory object condition than in the Real 
object conditions. Note however, that in the separate analyses of the Illusory and Real 
figure conditions, in both cases Local and Global relevance effects were independent. 
 
Others effects 
 
Stimuli evoked larger C1 components on ipsilateral electrodes, and larger P1 components 
on contralateral electrodes, which was indicated by a LATERALITY effect (40-120 ms). 
Later (after 360 ms), stimuli evoked more negativity contralaterally. 

Illusory objects evoked smaller N1 components than Real Global objects 
(although this was not significant according to the adopted criteria adopted, since the 
effect only concerned two consecutive band samples 220-260 ms). A later (340-500 ms) 
interaction between FIGURE-TYPE and LATERALITY indicated that in the Real object 
conditions, but not in the Illusory object conditions, the ERPs at the contralateral 
electrode were shifted negatively as compared to the ipsilateral electrode. The interaction 
between GLOBAL-RELEVANCE and LATERALITY indicated that the SN associated 
with Global relevance processing was larger on the contralateral than on the ipsilateral 
electrode (360-440 ms).  

The effect of LOCAL-RELEVANCE was also significant in an early latency 
range (40-100 ms). This effect reflects an enhanced positivity of relevant relative to 
irrelevant Local features, both at the ipsilateral electrode (where the effect overlaps the 
C1 component) and at the contralateral electrode (where the effect overlaps the P1 
component). 
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Table 5.1a Compatible RICs 
 
Factor Significant intervals Largest F-value 
   
GLOBREL 200-460 70.4*** 
LOCREL 40-100 240-460 78.3*** 
CONIPSI 40-120 360-500 37.4*** 11.3** 
FIGTYP*GLOBREL 240-300 6.5* 
FIGTYP*LOCREL 240-340 12.7** 
FIGTYP*CONIPSI 260-320 340-500 12.1** 38.2*** 
GLOBREL*CONIPSI 360-440 6.8* 
FIGTYP*GLOBREL*LOCREL 400-460 14.1**  

 
Table 5.1b Incompatible RICs 
 
Factor Significant intervals Largest F-value 
   
GLOBREL 420-500 8.0* 
LOCREL 240-500 17.9** 
CONIPSI 60-120 43.7*** 
FIGTYP*CONIPSI 80-160 340-500 18.6** 16.0** 
GLOBREL*LOCREL 300-500 33.2*** 
GLOBREL*LOCREL*CONIPSI 440-500 14.0** 
FIGTYP*GLOBREL*LOCREL*CONIPSI 340-440 24.3***  

 
Table 5.1 

In the left column the factors are presented. In the middle column the time window in which the factor 
showed to be significant. The reported F-values (rightmost column) are the highest values of the windows 
which achieved a significant level. The df’s of all the factors are 1,14. In the column of the F-values, one 
asterisks denotes p<.05, two asterisks p<.01, and three asterisks denotes p<.001. 
 
 
Incongruent RIC condition 
 
In Table 5.1b the significant episodes are summarized. In Figure 5.4b, the ERPs are 
presented of the conditions in which the relevant input channel was incongruent. It can be 
seen that in this condition, selective processing occurred almost exclusively for stimuli of 
which both feature dimensions were relevant. From 300 ms onward, this was confirmed 
statistically (GLOBAL-RELEVANCE by LOCAL-RELEVANCE). Local relevance was 
processed within the same latency range as in the congruent RIC condition (240-500 ms). 
However, Global relevance was not significant until 420 ms, which is 180 ms later than 
when subjects had to respond to congruent stimuli. 

From 340-440 ms an interaction between LATERALITY, FIGURE-TYPE, 
GLOBAL-RELEVANCE, and LOCAL-RELEVANCE indicated that in Real object 
conditions for all stimuli the ERPs at the contralateral electrode was shifted negatively as 
compared to the ipsilateral electrode, whereas in the Illusory object condition only the 
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stimuli which were relevant on both dimensions elicited more contralateral than 
ipsilateral negativity. 
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Figure 5.4a 
 
The ERP waveforms for nontarget stimuli on P7 and P8 are shown for Congruent RIC conditions in Figure 
5.4a, and for Incongruent RIC conditions in Figure 5.4b. Different plots are shown for electrodes contra- 
and ipsilateral of the location of the stimulus. In the upper plots the ERPs are shown for conditions in 
which illusory Kanizsa objects were used, in the lower the ERPs for the Real object conditions are shown. 
Each plot shows four ERPs; one in which both Global and Local features of the shown stimulus are 
relevant (GLOBAL +, LOCAL +, indicated by the solid line), one in which the Global feature is relevant 
but the Local is irrelevant (GLOBAL +, LOCAL -, indicated by the dashed line), one in which the Local 
but not the Global feature is relevant (GLOBAL -, LOCAL +, indicated by the dotted line), and finally the 
dot-dashed line is presented when both Global and Local features of the presented stimulus are irrelevant 
(GLOBAL -, LOCAL -). Time and voltage scales are presented in the lower left panel. 
 
 
Other effects 
 
The effect of LATERALITY was significant from 60-120 ms. This reflected the same 
effect as was found in the Congruent RIC condition (stimuli evoked an ipsilateral C1 and 
contralateral P1). Also, the LATERALITY by FIGURE-TYPE interaction (340-500 ms) 
reflected a similar result as was found for the Congruent RIC conditions. Again, the ERPs 
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in the Real object conditions were shifted negatively at the contralateral relative to the 
ipsilateral electrode.  

An early interaction between FIGURE-TYPE and LATERALITY was found (80-
160 ms). This indicated that Illusory objects evoked a larger ipsilateral negativity than in 
the Real object conditions. A similar interaction in the 80-160 ms latency range was also 
observed in the analyses of the Congruent RIC data, but there the effect just failed to 
meet our criterion of three consecutively significant intervals. 
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Figure 5.4b 
 
Presented here are the ERP waveforms on nontarget stimuli in the Incongruent RIC condition on electrodes 
P7 and P8. 
 
 
5.3.3 Discussion 
 
The main aim of Experiment 2 was to determine how the processing of the Illusory 
Global object shape is related to the processing of the shapes of the Local inducers. On 
the basis of the results of Experiment 1 one could hypothesize that the processing of the 
shapes of the Local inducers precedes the processing of the shape of the Global illusory 
object. However, the ERP results obtained in Experiment 2 do not support this idea of 
‘local precedence’. The patterns of ERP effects of selectively attending to particular 
combinations of local inducer shapes and global (Illusory or Real) object shapes were 
very different in the conditions in which subjects attended to congruent shape 
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combinations and in conditions in which subjects attended to incongruent combinations. 
But in neither of these conditions evidence was obtained to support the idea that local 
information was selected with a higher priority. 
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Figure 5.5 

In this plot, the ERPs are shown of the stimuli which are presented in the condition in which subjects had to 
detect a Congruent target (dashed line) of the stimuli which are presented in the condition in which subjects 
had to detect an Incongruent target (dashed line). Time and voltage scales are presented in the lower left 
panel. Below the time axis we show the time windows in which Congruent and Incongruent RICs were 
significant. **= p<.01, ***= p<.001. 
 
 
When subjects were searching for a congruent target, selective processing of the relevant 
Illusory Global object shape started sooner (at 200 ms) than the selective processing of 
the relevant Local inducer shapes (at 240 ms). Furthermore, in the Congruent RIC 
condition, selective processing of one feature was independent of the processing of the 
other feature. The earlier onset of selective processing of Illusory Global features favors a 
view that suggests early processing of Kanizsa illusory figures (Davis and Driver, 1994; 
Mattingley, Davis, and Driver, 1997). However, this view would also predict that 
processing of local inducing features would be influenced by the shape of the Global 
Illusory object. Instead, selective processing of local and global features occurred in 
parallel.  

We compared stimuli consisting of Kanizsa global figures with Real global 
figures. Although in general the patterns of ERP effects of selective processing were very 
similar for these two types of stimuli, some differences were found for the congruent 
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attention conditions. In the Illusory object conditions, processing differed from the Real 
object conditions in that 1) the relevant Global shape was selected earlier and to a deeper 
extent (as evidenced by a larger selection negativity for relevant global shapes) and 2) the 
Local shape was selectively attended to less extensively and later (as evidenced by a 
smaller selection negativity for relevant local shapes). This may reflect that enhanced 
selective processing of the global shape in the Illusory object conditions as compared to 
the Real object condition occurs at the cost of selectively attending to the local shapes. As 
we just described, ERP differences between the Kanizsa and Real object conditions were 
only found in the Congruent conditions. The performance data, on the other hand, 
showed an interaction between Figure Type and Congruency, which reflected that 
subjects were slower in the Incongruent conditions for Kanizsa conditions than for Real 
object conditions. The performance data would suggest that it is harder to attend to the 
incongruent combination of Global and Local shapes when the Global shape is illusory 
than when it is real. Unfortunately, the lack of a similar difference in the ERP results is 
an inconsistency for which we have no ready explanation. 
 In the conditions in which subjects attended to incongruent local and global shape 
combinations, the ERP results were very different from the results in the congruent 
attention conditions. Whereas the ERPs in the Congruent RIC conditions suggest that 
subjects attended independently to the relevant local and global shapes, the results in the 
Incongruent RIC conditions suggest that subjects attended only to the specific 
combination of the relevant local and global shapes. Furthermore, the onset of this 
attention effect for the incongruent conditions was substantially delayed (starting at 300 
ms) as compared to the congruent conditions (240 ms). 

Together the results from the congruent and incongruent attention conditions 
demonstrate that a different task instruction may lead to a completely different 
‘attentional selection mode’. The performance results also suggested that the task was 
more difficult when subjects were instructed to attend to incongruent Global and Local 
shapes, since reaction times were slower in the incongruent conditions. However, the 
reaction time difference (about 80 ms) seemed larger than the difference in onset of ERP 
selective attention effects (about 60 ms).  

In addition to differences in the ERP effects of selective attention between the 
congruent and incongruent attention conditions, we also obtained main effects of 
Congruency, reflecting overall differences in processing, independent of the relevance of 
the stimuli. This effect consisted of an enhanced N1 component elicited by all stimuli 
presented in the Congruent attention conditions relative to the Incongruent conditions 
(Figure 5.5). As the N1 has been associated with visual discrimination processes (Vogel 
and Luck, 2000), these results might indicate that stimuli presented in the Congruent 
condition received more elaborate perceptual processing than the same stimuli presented 
in the incongruent conditions. We suggest that when stimuli are presented in the 
Congruent conditions this leads to a better perceptual representation than in the 
Incongruent conditions, on its turn leading to a faster (and different mode of) attentional 
selection. Differences in perceptual processing time might explain the additional delay in 
reaction time relative to the delay in selective processing (as evidenced by the ERP 
results) in the Incongruent conditions.  

Altogether, these results provide compelling evidence that perceptual/attentional 
processing of stimuli does not depend merely on the stimulus itself, but also on the 
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specific attentional task in which the subject is engaged. Such task-specific effects have 
to our knowledge not been reported before in multi-feature attention studies. Although it 
has been found that the attentional selection mode can change as a function of the 
discriminability of the relevant and irrelevant stimuli (e.g., Hansen & Hillyard, 1983), 
previous attention effects were independent of the particular combinations of feature-
dimensions to be attended. 

In order to account for these task-specific effects, it is important to emphasize that 
in order to perform the task; subjects have to keep in memory a representation of the 
relevant input channel (the to-be-attended stimuli). According to Näätänen (1992), this 
‘attentional trace’ involves a representation in sensory memory, which is maintained by 
active, voluntary rehearsal. This suggests that the maintenance of the ‘attentional memory 
model’ is an effortful process. Therefore, the amount of effort expended to this 
maintenance process might well depend on the properties of the memory model, and 
might have an effect on the efficiency of perceptual processing and the mode of 
attentional selection of external stimuli.  

It seems that in previous multi-feature studies, these features were relatively 
independent, in the sense that the different combinations of feature dimensions are all as 
easy (or hard) to memorize (e.g., it doesn’t seem to make much of a difference whether 
one attends to a high-pitched tone in the left ear or to a low-pitched tone in the right ear, 
etc.4). In the present experiment, on the other hand, memorizing incongruent Global and 
Local shapes appears to cause interference, leading to a higher memory load. A 
reasonable suggestion why this might be so is that subjects could memorize the congruent 
objects as a single Gestalt and the incongruent objects only as two separate Gestalts. For 
example, a Global circle with circular elements can be memorized as a cluster of five 
soap bubbles with one in front of the others. In this example, all the objects memorized 
are element of one Gestalt: a group of bubbles. This cannot be done with incongruent 
objects without memorizing two groups. Furthermore, in incongruent RIC conditions 
subjects also have to memorize which form is in front and which form is in the back. 
 
5.3.4 General Discussion 
 
An important aspect of these experiments was that we varied the relation between the 
Local shapes of the inducing elements and the shape of the Global (Kanizsa) objects. 
This relation has hardly been examined. We convincingly showed that Local and Global 
shape processing interacted in several respects. In Experiment 1 we found that in a 
condition in which subjects had to discriminate the Global shapes, performance was 
slower and less accurate when the shape of the Local inducers was incompatible with the 
Global shape. The size of this RT effect was about 20 ms. The reverse result was not 
obtained: Local shape discrimination was not affected by the Global shape. The 
interference effect in the Global discrimination condition may reflect either a response 
conflict (the incompatible Local shapes might activate the inappropriate, opposite 
response), or a perceptual conflict, or both.  

In Experiment 2 subjects attended to combinations of Local and Global shapes. 
We found that it made a large difference whether subjects attended to congruent or 
                                                 
4 Things might be different when subjects attend to combinations of high/low pitched tones presented in the 
upper/lower auditory space. 
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incongruent combinations of Local and Global shapes. In the incongruent conditions 
Reaction Times were delayed by about 80 ms. The ERP results suggested that the 
congruency of the ‘attentional memory model’ had an effect on basic perceptual 
processing (N1), on the begin latency of selective processing (selection negativity), and 
on the mode of attentional selection (independent selections versus conjunction-specific 
selection). The delay in the begin latency of selective processing in the incongruent 
conditions as compared to the congruent conditions was about 60 ms. Interestingly, the 
difference between the congruency effect on RT and the congruency effect on the begin 
latency of the ERP effects of selective attention was about 20 ms, which is approximately 
the same as the performance effect in Experiment 1. This might suggest that the 
interference effect in Experiment 1 mainly reflected perceptual conflict. 

Our results are in no simple way compatible with views of authors claiming that 
(Kanizsa illusory) object representations are built in early, preattentive stages of 
processing. The performance results of Experiment 1 rather suggested that the global 
shape representation was built from earlier representations of the local shapes. Previously 
it has been argued that the early versus late selection debate may be resolved if one takes 
into account that selection of information may occur both at early and late stages of 
processing, dependent on task factors (see for instance Lavie and Tsal, 1994; Lavie, 
1995). The latter authors stressed the importance of perceptual load: only with a high 
perceptual load the information processing system is forced to early selectivity. The 
results of Experiment 2 were highly consistent with this idea. More specifically, we 
found that the locus of selection depended on the complexity (congruent versus 
incongruent) of the attentional memory model, even if the perceptual load of the external 
stimuli remained identical. Nevertheless, even in the congruent condition, in which 
selective processing started earlier than in the incongruent conditions, not much evidence 
was obtained to suggest that the selection of the Global shape occurred very early per se, 
or much earlier than the selection of the Local shapes. However, we cannot exclude the 
possibility that the ERP effects reflecting selective processing of Global information are 
not closely temporally coupled to the availability of this information. In principle, it 
could be the case that the Global shape information is available at an early stage of 
processing, but is only selected by the attentional system at a much later stage of 
processing. Also, if it would be the case that there is indeed a close temporal contingency 
between the availability and the selection of Global shape information, we cannot 
exclude that Global object information is represented much earlier in other experimental 
circumstances (e.g., with more realistic objects, or a with higher or lower perceptual 
load). 

 Finally, we want to draw attention to the resemblance between the current 
experimental approaches and investigations on processing of local and global aspects of 
compound stimuli. In the latter studies, stimuli are used in which, for instance, small local 
letters (comparable to our local inducing elements) are arranged in the form of a large 
global letter (comparable to our global illusory contours). Navon (1977) proposed that 
processing of global information precedes processing of local information (‘Forest before 
trees’). He showed that when small local letters had to be identified, large global letters 
interfered with the correct response. When the (irrelevant) global letter indicated another 
response hand than the local letters, this lead to an increase in RT. However, when the 
global letter had to be identified, incompatibility of the identity of the local letters did not 
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interfere with performance. Furthermore, subjects overall identified the global letters 
faster than the local letters. More recently, however, it became clear that the existence of 
global precedence depends on the visual angles of stimuli (Kinchla & Wolfe, 1979), 
exposure duration (Luna, 1993), spatial certainty (Lamb & Robertson, 1988) or strength 
of perceptual grouping (Han & Humphreys, 1999; Han, Humphreys, & Chen, 1999). 
Moreover, the global reaction time advantage does not always covary with global-to-local 
interference (Amirkhiabani & Lovegrove, 1999). Together, this evidence suggests that 
there might not exist a constant temporal sequence of the processing of global and local 
levels of compound stimuli.  

To conclude, theorizing on late versus early selection, research on local/global 
processing, and the results presented in the present paper, all converge to the general idea 
that there is not a fixed sequence in which different sources of information are 
represented and selected by the attentional system, but that temporal sequencing of 
information processing strongly depends on perceptual and task-related factors. 
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